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depression and outcomes in diabetes

Lifei Tan'", Yan Li?"

, Ming Tan?, Jing Gong', Jinbiao Zhang*

'The 970th Hospital of the PLA Joint Logistic Support Force, Weihai, China, and “Weihai Municipal Hospital Affiliated to Shandong University, Weihai, China

Keywords ABSTRACT

Diabetes mellitus, Insulin resistance,
Post-stroke depression

Aims: This study aimed to examine the association between insulin resistance (IR) and
post-stroke depression (PSD) occurrence in diabetic patients, providing novel insights for

PSD prevention and treatment strategies.
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Materials and methods: Clinical data from 124 patients with acute cerebral infarction
and diabetes mellitus were retrospectively analyzed. Based on the Homeostasis Model
Assessment of Insulin Resistance (HOMAAIR), participants were stratified into two groups:
an IR group (HOMA-IR > 269, n = 96) and a control group (HOMA-IR < 269, n = 28). The
occurrence of PSD was compared between the two groups by unadjusted analysis and

inverse probability of treatment weighting (IPTW), and the correlation between HOMA-IR
scores and PSD was analyzed by multivariate logistic regression.
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Results: At 3-month follow-up, the IR group exhibited significantly higher Hamilton
Depression Scale (HAMD) scores (median 8 vs 6, P = 0.029) and a 3.28-fold increased PSD

risk (OR = 3.28, 95% Cl: 137-7.88, P = 0.006). After adjusting for baseline confounders
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using IPTW, the IR group maintained elevated PSD risk (adjusted OR = 264, P = 0.035).

Multivariate analysis confirmed HOMA-IR as an independent PSD predictor (OR = 1.755,
95% Cl: 1.360-2.263, P < 0.001), with ROC analysis demonstrating moderate predictive
accuracy (AUC = 0.76, 51.4% sensitivity, 94.2% specificity at cutoff 5.2).

Conclusions: Elevated HOMA-IR levels in diabetic patients with acute cerebral
infarction are significantly associated with increased PSD incidence.

INTRODUCTION
In recent years, stroke prevalence has shown a marked upward
trend globally. Public health systems have been increasingly
threatened by the rising rates of stroke-related mortality and
disability. In developed countries, cerebrovascular events are the
second leading cause of mortality according to the 2021 Global
Burden of Disease (GBD) study, surpassed only by ischemic
heart disease’. Stroke accounts for over 1 million annual deaths
in China®. Post-stroke depression (PSD), a prevalent complica-
tion affecting 18-33% of stroke survivors, exhibits a peak inci-
dence 3-6 months post-stroke’. Global ~ epidemiological
estimates suggest that approximately 400,000 individuals annu-
ally develop depression secondary to cerebrovascular events®.

In addition to exacerbating pre-existing neurological deficits,
PSD presents with core depressive symptoms including

TLifei Tan and Yan Li contributed equally to the work.
Received 2 March 2025; revised 26 May 2025; accepted 31 May 2025

1704 ) Diabetes Investig Vol. 16 No. 9 September 2025

persistent dysphoria, insomnia, and maladaptive cognitive pat-
terns such as excessive guilt’. These psychological and physio-
logical factors collectively hinder functional rehabilitation and
reduce health-related quality of life. Consequently, these com-
bined effects result in prolonged hospitalization, higher health-
care costs, and increased mortality risks®. However, post-stroke
cognitive impairment and aphasic disorders are often perceived
by clinicians as inherent neurological sequelae of cerebrovascu-
lar events. This diagnostic oversight frequently delays initiation
of early neuropsychological interventions, leading to suboptimal
functional recovery.

The pathogenesis of PSD involves complex interactions
between biological and psychosocial factors’. Emerging evidence
has identified multiple risk factors for PSD, including genetic
predisposition, premorbid psychiatric history, demographic
characteristics such as advanced age and female gender,
stroke-related parameters such as lesion location, and clinical
severity assessed through National Institutes of Health Stroke
Scale (NIHSS) scores during the acute phase8’13.
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The underlying pathophysiology involves multiple mecha-
nisms: hypothalamic—pituitary—adrenal (HPA) axis dysregula-
tion, an inflammatory response, monoaminergic dysfunction
involving serotonin (5-HT), dopamine (DA) and norepineph-
rine (NE) pathways, and altered neurotrophic factor
expression'*”. Emerging evidence suggests that metabolic dys-
regulation (encompassing dyslipidemia, hyperuricemia, and
insulin resistance (IR)) may represent novel pathophysiological
determinants of PSD'®, Insulin exerts dual regulatory effects on
glucose homeostasis: (1) suppressing hepatic glucose production
by inhibiting glycogenolysis and gluconeogenesis pathways, and
(2) enhancing glucose utilization through activation of glucose
transporters in peripheral tissues. IR manifests as impaired sup-
pression of hepatic glucose output coupled with diminished
peripheral tissue glucose uptake capacity, reflecting defective
insulin receptor signaling. Previous studies demonstrate a bidi-
rectional association between IR and depression. Specifically, IR
increases the risk of depression via impaired insulin signaling
pathways, whereas depression exacerbates metabolic dysfunction
through dysregulation of the HPA axis'. A critical research
gap persists regarding PSD in individuals with diabetes mellitus,
particularly in those with pre-existing glycemic dysregulation.
Compelling evidence positions insulin resistance both as the
hallmark metabolic defect in type 2 diabetes mellitus patho-
physiology and as a secondary phenomenon in type 1 diabetes
mellitus, driven by chronic hyperglycemia-induced receptor
desensitization®. Longitudinal studies have demonstrated that
the presence of diabetic neurovascular complications is associ-
ated with an elevated risk of depression®'. Elevated blood glu-
cose levels during the acute post-stroke period have been
shown to increase the risk of PSD*.

Consistent with recent meta-analytic evidence demonstrating
a bidirectional relationship between IR and affective disorders™,
our findings extend this association to the post-stroke neuro-
psychiatric domain. This retrospective cohort study was
designed to investigate the association between IR and 3-month
post-stroke depression incidence in patients with acute cerebral
infarction and comorbid diabetes mellitus. Through rigorous
stratification based on validated Homeostatic Model Assessment
of Insulin Resistance (HOMA-IR) thresholds and multivariate
adjustment for potential confounders, we aimed to establish the
prognostic value of IR metrics in predicting neuropsychiatric
complications during stroke rehabilitation, ultimately providing
evidence-based targets for metabolic intervention strategies in
this vulnerable population.

MATERIALS AND METHODS

Participants

This retrospective study analyzed clinical data from patients
diagnosed with acute ischemic stroke and comorbid diabetes
mellitus who received treatment at our institution between Jan-
uary 2020 and May 2023. Inclusion criteria comprised the fol-
lowing: (1) fulfillment of the 2018 Chinese Guidelines for the
Diagnosis and Treatment of Acute Ischemic Stroke diagnostic
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criteria for cerebral infarction™, confirmed through CT/MRI
imaging; (2) all enrolled patients met diagnostic criteria for type
2 diabetes mellitus per 2020 CDS guidelines; (3) first-onset
acute cerebral infarction with symptom duration <2 weeks.
Exclusion criteria were as follows: (1) pre-existing psychiatric
disorders (including depression) or use of psychotropic medica-
tions; (2) concurrent brain neoplasms; (3) severe systemic infec-
tions; (4) major organ dysfunction (cardiac, hepatic, or renal);
(5) inability to complete study protocols. The final cohort
included 124 patients (68 males and 56 females) with age rang-
ing from 31 to 86 years.

Data collection

Demographic and clinical characteristics including age, sex,
height, weight, medical history (hypertension, diabetes, etc.),
social support (living alone, divorce, or widowed status), and
lifestyle factors (smoking, alcohol consumption) were systemati-
cally collected upon hospital admission. Smoking was defined as
daily consumption of >1 cigarette for over 1 year. Chronic alco-
hol use was defined as daily intake exceeding 100 mL/day of
liquor (=50% alcohol by volume) for more than 12 months.
Stroke location was determined by neuroimaging evidence
(MRI/CT). Body mass index was calculated as weight in kilo-
grams divided by height in meters squared. The HOMA-IR was
calculated using the formula: [fasting plasma glucose (mmol/L)
x fasting serum insulin (uIU/mL)]/22.5°°. IR was defined
according to WHO criteria as glucose utilization rates below the
lowest quartile measured by hyperinsulinemic-euglycemic clamp
in non-diabetic populations®’. The lack of standardized insulin
assays and methodological heterogeneity across studies, particu-
larly regarding demographic variations in gender and ethnicity,
hinders the establishment of universal HOMA-IR thresholds.
Population-based studies in Chinese cohorts have identified 2.69
as the 75th percentile HOMA-IR value®®. Using this threshold,
we divided participants into an insulin-resistant group
(HOMA-IR > 2.69) and a control group (HOMA-IR < 2.69).

Outcome assessment

Depression severity was evaluated using the 17-item Hamilton
Depression Rating Scale (HAMD-17) in patients with acute
cerebral infarction and comorbid diabetes mellitus. According
to the 2016 Chinese Expert Consensus on Clinical Practice of
Post-Stroke Depression™’, the HAMD-17 is recommended for
diagnosis. A score <7 indicates normal status, while a score of
7-17 suggests probable depression. The severity of neurological
impairment was assessed with the NIHSS, an 1l-item instru-
ment assessing domains including limb ataxia, motor function
(upper/lower extremities), language capacity, and consciousness
level. The scale generates a composite score between 0 and 42,
where a higher value corresponds to greater neurological
impairment severity. Standardized assessments were conducted
by trained clinicians at two time points: baseline evaluation
during hospital admission and follow-up assessment at
3 months post-stroke.
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Laboratory measurements

Following an overnight fast, venous blood samples were
obtained for biochemical analyses. Fasting parameters included
blood glucose, serum insulin, insulin-like growth factor-1 (IGF-
1), glycosylated hemoglobin (HbAlc), total cholesterol (TC),
and low-density lipoprotein cholesterol (LDL-C). Biochemical
measurements were performed using standardized laboratory
protocols: blood glucose levels were measured by the glucose
oxidase method; insulin and IGF-1 concentrations were deter-
mined through chemiluminescent immunoassay; HbAlc quan-
tification employed ion-exchange high-performance liquid
chromatography; lipid profiles including TC and low-density
LDL-C were analyzed using automated biochemistry analyzers.

Statistical analysis

Statistical analyses were conducted using SPSS 25.0 and R ver-
sion 4.42. Normally distributed continuous variables are
expressed as mean * SD, while non-normally distributed vari-
ables are reported as median with interquartile range (IQR).
Group comparisons employed Student’s t-test/Mann—Whitney
U-test for continuous variables and chi-squared tests for cate-
gorical variables. To identify risk factors for PSD, we performed
a two-stage regression analysis. First, variables were screened
through univariate logistic regression with a threshold (P < 0.2)
to maximize sensitivity for potential predictors. Candidate vari-
ables meeting this criterion were then entered into a multivari-
able logistic regression model, where statistical significance was
defined as P < 0.05. Additionally, receiver operating characteris-
tic (ROC) analysis was performed to assess the predictive capa-
bility of the risk factors. The inverse probability of treatment
weighting (IPTW) analysis was performed using R version 4.4.2
with the twang and ggplot2 packages.

RESULTS

The HAMD scores and depression incidence in two groups
Longitudinal comparisons of HAMD scores and depression
incidence revealed significant intergroup differences. At base-
line, the median HAMD score was significantly higher in the
IR group (3, IQR 2-4) than in controls (2, IQR 1-3; Mann—
Whitney U-test, P = 0.030). At the 3-month follow-up, both
groups showed significant increases in HAMD scores from
baseline (both P < 0.01), with the IR group persistently exhibit-
ing higher median scores (8, IQR 6-14) compared to controls
(6, IQR 5.25-8.75; P = 0.029), as detailed in Table 1.

Participant characteristics

A total of 164 patients with acute cerebral infarction and
comorbid diabetes mellitus were initially enrolled. After apply-
ing exclusion criteria (severe heart failure [n = 8], renal insuffi-
ciency [n = 8], hepatic dysfunction [n = 3], and history of
depression/psychotropic medication use [n = 5]), 140 partici-
pants remained eligible for analysis. Sixteen patients were lost
to 3-month follow-up. The participant recruitment flowchart is
shown in Figure 1.

http://wileyonlinelibrary.com/journal/jdi

Table 1 | Comparison of HAMD scores between the IR and control
groups across time points

Time points Groups Number of HAMD score P
cases
Baseline R 96 3249 0.030*
Control 28 2(1,3)
3-month R 9% 8 (6, 14)** 0.029*
follow up Control 28 6 (5.25, 875)**

Data are presented as [M (P25, P75)]. *P < 0.05 for intergroup compari-
sons. **P < 001 for intragroup comparisons. HAMD, Hamilton Depres-
sion Rating Scale; IR, insulin resistance.

Inverse probability treatment weighting analysis

IPTW was applied to balance baseline covariates, including age,
sex, smoking, alcohol use, BMI, baseline HAMD-17 score, and
unmarried status (divorced, widowed, or living alone; Table 2).
To address low statistical power from limited observations and
sparse events, marital status variables (divorced/widowed/living
alone) were collapsed into a dichotomous ‘unmarried status’
indicator. And the threshold for acceptable balance was relaxed
from a standardized mean difference (SMD) of <0.2 to a more
lenient value. The Love plot demonstrates covariate balance
before and after IPTW (Figure 2). According to the result, the
crude odds ratio (OR) for IR was 3.28 (95% CI: 1.37-7.88,
P =0.006) before IPTW adjustment, indicating a significant
association with PSD. The IR-PSD association remained statis-
tically significant in the IPTW-adjusted logistic regression
model (OR = 2.64, 95% CI: 1.07-6.54, P = 0.035; Table 3). To
further evaluate robustness, we performed an E-value analysis,
which suggested that an unmeasured confounder would need
to have a risk ratio of 2.62 to fully explain the observed effect.

HOMA-IR exhibits high specificity as a diagnostic exclusion
tool for post-stroke depression

Univariate analyses were conducted to identify predictors of
PSD in diabetic patients with acute cerebral infarction. Given
the small sample size, we employed a P-value threshold of <0.2
in the univariate analysis to improve the sensitivity of variable
selection and reduce the likelihood of missing potentially critical
predictors. In univariate analysis using depression status as the
dependent variable, significant associations (P < 0.2) were
observed for smoking history, glycated hemoglobin (HbAlc),
and HOMA-IR (Table 4). Multivariable logistic regression anal-
ysis revealed that elevated HOMA-IR levels independently pre-
dicted PSD, with an adjusted odds ratio of 1.755 (95% CI:
1.360-2.263, P < 0.001; Table 5). Bootstrap validation (1,000
resamples) corroborated the robustness of insulin resistance
(IR) as a predictor (Bias =0.037, 95% CI: 0.383-0.894,
P = 0.001), whereas smoking status exhibited unstable estimates
(Bias = 0.071, 95% CIL —0.379-2.021, P = 0.185), potentially
attributable to class imbalance in smoking subgroups. The
model demonstrated moderate explanatory power (Nagelkerke
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164 patients were diagnosed with acute cerebral infarction and comorbid type 2 diabetes mellitus

/

140 patients were included

RN

S

24 patients were excluded;

(1) severe heart failure: 8

(2) severe renal insufficiency:8
(8) hepatic insufficiency: 3
(4)

3
4)depression history/psychotropic meds: 5

124 patients completed the follow-up

lost follow up:16

Figure 1 | Patient enrollment flowchart. A consort-style diagram detailing the screening process, application of exclusion criteria (0 = 40 excluded:
severe heart failure [n = 8], renal insufficiency [n = 8], hepatic dysfunction [n = 3], history of depression/psychotropic medication use [n = 5], and
lost to follow-up [n = 16]), and final analytical cohort selection (n = 124 included for analysis).

Table 2 | Before and after adjustment with stabilized IPTW from propensity score model fitted values

Characteristic Total (n = 124) P value SMD
IR (n = 96) Control (n = 28) Before IPTW After IPTW Before IPTW After IPTW

Age 64.02 £ 1090 6193 + 1247 0389 0.889 0.186 0035
Sex

Male (%) 52 (54.2%) 16 (57.1%) 0.781 0.705 —0.060 0.098

Female (%) 44 (45.8%) 12 (42.9%)
Smoking 18 (18.8%) 9 (32.1%) 0.131 0963 —0.323 0010
Alcohol 23 (24.0%) 6 (214%) 0.781 0468 0.060 0.145
BMI 2633 + 315 2428 + 321 0.003 0929 0627 -0033
HAMD-17 scores 32 4 2(1,3) 0.030 0516 0457 0.187
Unmarried 13 (13.5%) 4 (14.3%) 0920 0.740 —0.022 —0093

An absolute standard difference of <0.2 is considered well balanced. BMI, body mass index; HAMD-17 scores, Baseline HAMD-17 scores; IPTW,
inverse probability of treatment weight; SMD, standardized mean difference; unmarried, divorced, widowed, or living alone.

R* = 0.342), adequate  calibration = (Hosmer—Lemeshow
)(2 = 2.146, P = 0.976), and an overall classification accuracy
of 72.6%. Then, the ROC curve of IR was performed in
Figure 3. It identified insulin resistance (IR > 5.2) as a predictor
of PSD, yielding an AUC of 0.76 (95% CI: 0.68-0.84). At this
threshold, specificity reached 94.2%, demonstrating strong
capacity to exclude non-PSD cases, while sensitivity was 51.4%
(95% CI: 30.6-63.9%), indicating limited ability to detect true
PSD cases.

IR exhibited no significant association with neurologic
recovery

NIHSS scores at baseline and 3-month follow-up were analyzed
to characterize neurologic recovery trajectories. No significant
intergroup difference in NIHSS scores was observed at disease
onset (3, IQR 24 vs 2, IQR 1-4; P = 0.215). Although both
groups demonstrated significant NIHSS score improvement at
3-month follow-up compared to baseline, intergroup differences
remained non-significant (0, IQR 02 vs 0, IQR 0-1;
P = 0.138), with detailed results presented in Table 6.

DISCUSSION

This retrospective cohort study analyzed clinical data from
patients with acute cerebral infarction complicated by diabetes
mellitus, aiming to explore the association between IR and the
development/prognosis of PSD. At the 3-month follow-up, both
groups demonstrated elevated HAMD scores compared to base-
line measurements (both P < 0.05), with the IR group persis-
tently exhibiting higher median scores (8, IQR 6-14) compared
to controls (6, IQR 5.25-8.75; P = 0.029). The patients in the
IR group exhibited 3.28 times higher odds of developing PSD
compared to the control group (OR = 3.28, 95% CI: 1.37-7.88,
P =0.006). After adjusting for baseline confounders using
IPTW, the IR group retained a significantly elevated risk of
PSD, with an adjusted OR of 264 (95% CL 1.07-6.54,
P = 0.035). The robustness of this association was further sup-
ported by E-value analysis, which yielded a lower bound
E-value of 2.62, indicating that unmeasured confounding factors
would need to explain at least 2.62-fold stronger associations
with both exposure and outcome to nullify the observed results.
These findings suggest that IR may contribute to PSD

© 2025 The Author(s). Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Standardized Mean Differences Before and After IPTW
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Figure 2 | Covariate balance assessment using Love plot. Standardized mean differences (SMD) of baseline characteristics before (golden circles)
and after (blue circles) IPTW are shown. The dashed horizontal line indicates the conventional balance threshold (SMD < 0.1); however, we
pragmatically relaxed this criterion to 0.2 to account for limited sample size (n = 124).

Table 3 | Comparison of PSD incidence between groups before and after IPTW adjustment

Group Total (n = 124) Unadjusted IPTW-adjusted

PSD (n = 72) Non-PSD (n = 52) CR P OR P
IR 62 34 328 (1.37-7.88) 0.006 264 (1.07-654) 0035%
Control 10 18

IPTW, inverse probability of treatment weight; PSD, post-stroke depression. *P < 0.05.

pathogenesis. PSD not only prolongs the cognitive recovery
period and diminishes quality of life, but also accelerates stroke
recurrence. The median time to first stroke recurrence was sig-
nificantly shorter in PSD patients (8.15 years, 95% CI
7.11-9.19) compared to non-PSD patients (9.63 years, 95% CI
8.89-10.38). Given its insidious clinical presentation, PSD is
often undetectable during initial stages. Diabetes mellitus has
been identified as a significant risk factor for PSD
development™. Patients with diabetes mellitus exhibit subopti-
mal glycemic control following acute cerebral infarction. Under
stressful conditions, activation of the HPA axis promotes adre-
nal hormone secretion, thereby elevating blood glucose levels.
Impaired glycemic regulation is associated with IR, a metabolic
alteration that demonstrates significant correlation with depres-
sion pathogenesis®. Insulin is associated with metabolic

disorders, signaling dysregulation, and neurodegenerative dis-
eases. It participates in multiple neurobiological processes and
plays a critical role in cognitive function®. IR, a key feature of
metabolic syndrome, can induce various pathological alter-
ations, including reduced kinase activity of insulin receptor
complexes, impaired glucose transport, defective insulin signal-
ing pathways, diminished glycogen synthase activity, and aber-
rant glucose phosphorylation®**”.  Dysregulated  insulin
sensitivity triggers microglial and astrocytic activation, which
initiates neuroinflammatory cascades through pro-inflammatory
cytokine release. This pathological process culminates in neuro-
glial apoptosis and cognitive and affective dysfunction’®. Hippo-
campal cholinergic neurotransmission demonstrates significant
attenuation under IR conditions. These alterations precipitate
progressive neurodegeneration, exacerbating domain-specific
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Table 4 | Clinical characteristics of patients in the PSD and non-PSD

groups
Variables PSD group Non-PSD group ~ x*/t/Z  P-value
n=72 (n=152)
Sex
Male (%) 36 (50%) 0 (38.5%) 1623 0203
Female (%) 36 (50%) 2 (61.5%)
Age (years) 63 (55.25, 70) 6 (57.25, 71.75) —0684 04%
Smoking (%) 2 (16.7%) (288%) 2630 0.105*
Alcohol 17 (23.6%) 12 (23.1%) 0005 0945
BMI (kg/mz) 2606 £ 3.19 2560 £ 339 0.780 0437
HbATc (%) 8.15 (7.10, 760 (695, 86) -1512 0.130*
9.50)
TC (mmol/L) 436 (3.54, 440 (333, 5.13) —0.706 0480
545)
LDL-C (mmol/L) 288 (2.03, 279 (215, 342) —0.182 0855
340)
NIHSS scores 252,49 32, -0216 0829
3 months NIHSS 0 (0, 1) 0(0,2 —0648 0517
scores
IGF-1 (hg/mL) 12450 £ 473 12276 £ 4349 0208 0835
HOMA-IR 525 (343, 322 (236, 433) —4953 0000*
743)
Hypertension 46 (63.9%) 30 (57.7%) 0489 0485
Unmarried 9 (12.5%) 8 (154%) 0212 0645
HAMD-17 scores 3 (2, 4) 3(1,4) -0218 0827
Infarction location
Left (%) 29 (40.3%) 27 (51.9%) 11886 0338
Right (%) 38 (52.8%) 23 (44.2%)
Bilateral (%) 5 (6.9%) 2 (38%)

Data are shown as mean £ SD, median (interquartile range) or n (%).
*P < 0.2. BMI, body mass index; HAMD-17 scores, baseline HAMD-17
scores; HbATc, glycated hemoglobin; HOMA-IR, homeostatic model
assessment of insulin resistance; IGF-1, insulin-like growth factor 1; LDL-
C, low-density lipoprotein cholesterol; NHISS, National Institutes of
Health Stroke Scale; TC, total cholesterol.

cognitive deficits particularly in memory consolidation and
. Meta-analyses have demonstrated a bidi-
rectional association between IR and depression®
plasma cortisol

. )
executive function

(CORT)

concentrations

Table 5 | Risk factors of PSD in multivariate logistic regression
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Figure 3 | Predictive performance of HOMA-IR for PSD. Receiver
operating characteristic (ROC) curve demonstrating HOMA-IR's
discriminative ability for post-stroke depression (area under curve
[AUC] = 0.76, 95% CI 068-0.84; optimal cutoff = 5.2, sensitivity 54.1%,
and specificity 94.2%). Diagonal reference line represents chance
prediction (AUC = 0.5).

observed in depression cohorts*'. The increased secretion of
CORT leads to a decrease in glucose utilization, an increase in
glucose isomerization, and an antagonistic effect on insulin sup-
pression of blood glucose, increasing insulin IR. Progressive IR
culminates in B-cell dysfunction, ultimately manifesting as overt
diabetes mellitus through pancreatic islet decompensation. This
reciprocal interaction forms a vicious cycle mediated through
neuroendocrine and metabolic pathways. Although epidemio-
logical studies have reported associations between IR, depres-
sion, and diabetes, the specific causal relationship of IR with
PSD in diabetic populations remains understudied.

In this study, multivariable logistic regression analysis identi-
fied the HOMA-IR as an independent risk factor for PSD

Variable Original estimate Bootstrap validation

B (SE) P-value Wald R [95% CI] Bias P-value 95% Cl
HOMA-IR 0562 (0.130) <0.001 18.753 1.755 [1.360-2.263] 0037 0001* 0.383-0.894*
HbATc (%) 0.142 (0.098) 0.145 2121 1.153 [0.952-1.397] 0026 0.182 -0.066 to 0512
Smoking 0723 (0.521) 0.165 1930 2061 [0.743-5.716] 0071 0.185 —0.379 to 2.021
Constant —3.840 (1.133) 0.001 11494 0021 [-] —0.395 0002 —7.807 to —=1.699

Multivariate logistic regression analysis was carried out with smoking, BMI, HbA1c, and HOMA-IR. *P < 001. HbA1c, glycated hemoglobin; HOMA-IR,

homeostatic model assessment of insulin resistance.
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Table 6 | NIHSS scores at baseline and 3-month follow-up

Time points ~ Groups Number of cases NIHSS scores P
Baseline IR % 324 0215
Control 28 2(1,4
3 months IR % 0 (0, 2** 0.138

Control 28 0 (0, 1**

Data are presented as [M (P25, P75)]. **P < 001 for intragroup compar-
isons. NIHSS, National Institutes of Health Stroke Scale.

(OR = 1.755, 95% CI: 1.136-2.263, P < 0.001). The robustness
of the results was further supported by bootstrap resampling
analysis. ROC analysis demonstrated that at a HOMA-IR cutoff
value >52, the prediction of PSD achieved a sensitivity of
51.4% and specificity of 942% (AUC =0.76, 95% CL
0.68-0.84). The finding suggests HOMA-IR could serve as fol-
lows: (1) a rule-out factor for PSD in clinical screening proto-
cols; (2) a component of composite risk scores rather than an
isolated diagnostic criterion for PSD; (3) a therapeutic target for
preventive interventions in high-risk populations. Although we
used inverse probability treatment weighting (IPTW) to miti-
gate selection bias and performed sensitivity analyses to verify
the stability of the results, the limited sample size (n = 124),
particularly the small control group (n = 28), remains a con-
straint. However, generalizability remains limited by the
single-center  design,  necessitating  larger, population-
representative multicenter studies to confirm these findings.

In recent years, clinical studies have suggested that
insulin-like growth factor-1 (IGF-1) is a potential biomarker for
predicting the risk of developing PSD*. IGF-1 crosses the
blood-brain barrier and activates IGF-1 receptors (IGF-1Rs),
which are widely expressed in hippocampal neurons, to regulate
key neuropsychiatric functions, including mood regulation and
cognitive processing. IGF-1 contributes to PSD through multi-
ple mechanisms: (1) modulating HPA axis activity, (2) regulat-
ing inflammatory factors and glutamic acid (Glu) levels, and
(3) enhancing brain-derived neurotrophic factor (BDNF)
act1v1ty 4346 . Contrary to theoretical expectations, our univariate
analysis in this diabetic stroke cohort demonstrated no signifi-
cant association between IGF-1 serum levels and PSD incidence
(P =0.835). The limited sample size and resultant statistical
power constraints may explain this discrepancy. To evaluate
neurological recovery trajectories, we conducted serial NIHSS
assessments at baseline (ie, acute phase) and 3-month
follow-up in both IR and control groups. Longitudinal analysis
revealed significant neurological improvement in both cohorts
with no intergroup difference in improvement magnitude.
These findings suggest that while HOMA-IR predicts PSD
development to a certain extent, it does not appear to influence
short-term neurological recovery in diabetic stroke patients.

In conclusion, while HOMA-IR showed no significant associ-
ation with functional neurological outcomes in diabetic stroke
patients, it was identified as an independent risk factor for

http://wileyonlinelibrary.com/journal/jdi

PSD. Given its high specificity and low sensitivity, IR demon-
strates greater clinical utility as a rule-out tool rather than a
standalone screening indicator. Otherwise, early identification of
patients with elevated IR (e.g, HOMA-IR > 5.2) enables tar-
geted interventions such as metformin, which enhances insulin
sensitivity. This approach may reduce the risk of PSD in
high-IR populations, particularly those with metabolic comor-
bidities. Study limitations include the following: (1)
single-center design with a moderate sample size (n = 124); (2)
the 3-month observation period was insufficient to assess
long-term outcomes; (3) potential residual confounding may
arise from unmeasured variables such as the use of insulin sen-
sitizers. Although bootstrap resampling and E-value analyses
support the robustness of our findings, future investigations
require multicenter validation with larger sample sizes. Subse-
quent studies should extend beyond the 3-month follow-up
period by incorporating serial assessments at 3, 6, and
12 months to characterize dynamic relationships between
metabolic parameters and PSD development, while rigorously
documenting all psychiatric/metabolic medications (e.g., antide-
pressants, insulin sensitizers) to enhance reliability.
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