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Cognitive screening for cardiovascular risk stratification 
in stable coronary artery disease: a prospective cohort 
study
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A b s t r a c t 

Introduction: While cognitive impairment is prevalent in patients with coro-
nary artery disease (CAD), its prognostic significance in stable CAD patients 
remains unclear.
Material and methods: In this prospective cohort study of 6,130 stable CAD 
patients, baseline cognitive function was assessed using Montreal Cognitive 
Assessment (MoCA). The primary outcome was major adverse cardiovascu-
lar events (MACE), including all-cause death, nonfatal myocardial infarction, 
and nonfatal stroke. Unplanned revascularization was specified as a second-
ary outcome. Kaplan-Meier survival analysis and Cox regression were used 
to assess the prognostic impact of cognitive impairment. The robustness 
of the findings was tested via subgroup analyses and sensitivity analyses.
Results: Over a median follow-up of 549 days, 123 (2.0%) patients experi-
enced a MACE, and 315 (5.1%) underwent unplanned revascularization. Pa-
tients in the MACE group had significantly lower baseline cognitive function. 
Worse cognitive function was observed in older adults, females, individuals 
with lower educational attainment, and those with cardiometabolic risk fac-
tors. Patients with cognitive impairment had a significantly higher incidence 
of MACE (log-rank p = 0.001). In contrast, no significant difference was ob-
served in the incidence of unplanned revascularization (log-rank p = 0.791). 
After multivariable adjustment, cognitive impairment remained an indepen-
dent predictor of MACE (HR = 1.58, 95% CI: 1.06–2.37, p = 0.026). Sensi-
tivity analyses confirmed the robustness of primary findings. In subgroup 
analyses, cognitive impairment showed a consistent trend toward increased 
MACE risk across all strata, with the notable exception of the subgroup with 
low-density lipoprotein cholesterol < 1.8 mmol/l.
Conclusions: Baseline cognitive impairment is an independent predictor of 
MACE in stable CAD patients.

Key words: cognition impairment, coronary artery disease, cognitive 
screening, major adverse cardiovascular events, risk stratification.

Introduction

The comorbidity of cardiovascular disease and cognitive dysfunction is 
a clinical concern of growing importance [1]. Shared risk factors and mo-
lecular mechanism for atherosclerotic cardiovascular disease (ASCVD),  
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such as hypertension, diabetes, dyslipidemia, 
sleep apnea, and lack of exercise, are known to 
contribute to cerebrovascular pathology and im-
pair cognitive function, leading to a higher prev-
alence of cognitive deficits in patients with coro-
nary artery disease (CAD) compared to the general 
population [2–7]. Consequently, understanding 
the prognostic implications of cognitive impair-
ment in this high-risk group is of significant clin-
ical interest.

While prior studies have linked cognitive im-
pairment to adverse outcomes in patients with 
acute coronary syndrome (ACS), the interpretation 
of these findings is challenging [8–10]. The acute 
physiological stress of an ACS event, characterized 
by systemic inflammation and hemodynamic in-
stability, can precipitate transient cognitive dys-
function [11–13]. This confounds the distinction 
between pre-existing, stable cognitive decline and 
acute, illness-induced fluctuations.

Cognitive screening holds considerable promise 
for the comprehensive management of patients 
with CAD, serving a dual purpose: identifying indi-
viduals with underlying mild cognitive impairment 
(MCI) or dementia and enhancing prognostic risk 
stratification [14, 15]. The Montreal Cognitive As-
sessment (MoCA) is widely employed for this pur-
pose due to its efficiency and established diagnos-
tic validity. However, conventional MoCA cutoffs 
are calibrated to optimize the diagnosis of neu-
rological syndromes (e.g., MCI) and are not neces-
sarily tailored to identify patients at the highest 
risk for recurrent cardiovascular events.

To address these knowledge gaps, the primary 
aim of the present study was to determine the in-
dependent prognostic value of baseline cognitive 
impairment regarding adverse outcomes in a co-
hort of clinically stable CAD patients.

Material and methods

Study design and participants

Between September 2021 and August 2024, 
this prospective cohort study enrolled 7,091 pa-
tients admitted for the evaluation of symptoms 
(e.g., chest pain) and diagnosed with CAD at the 
Coronary Artery Disease Center of Beijing Anzhen 
Hospital, Capital Medical University. All partici-
pants underwent cognitive screening using the 
MoCA during their index hospitalization. Clinical 
management, including indications for invasive 
interventions and the prescription of secondary 
prevention medications at discharge, adhered to 
current guidelines [16]. Exclusion criteria were de-
fined as follows: (1) loss to follow-up or inability 
to comply with telephone interviews; (2) active 
malignancy; (3) acute myocardial infarction (AMI) 
or other unstable clinical conditions, defined as 

unstable angina, acute decompensated heart fail-
ure, or hemodynamic instability; and (4) a  prior 
diagnosis of dementia. The study protocol was 
approved by the Institutional Review Board of Bei-
jing Anzhen Hospital, Capital Medical University 
(Ethics Approval Code: KS2023081).

Data collection and definitions

Baseline clinical data were collected via struc-
tured interviews conducted by trained physicians 
who were blinded to the study endpoints. Demo-
graphic variables included age, sex, and educa-
tional attainment (stratified as 0–6 years, 7–12 
years, and > 12 years). Anthropometric measure-
ments included height, weight, and body mass 
index (BMI). Smoking status was categorized as 
never, current, or former smoking. Documented 
medical history included hypertension, type 2 dia-
betes mellitus (T2DM), atrial fibrillation (AF), heart 
failure (HF), chronic kidney disease (CKD), prior 
myocardial infarction (MI), prior stroke, and previ-
ous revascularization (percutaneous coronary in-
tervention [PCI] or coronary artery bypass grafting 
[CABG]). Hypertension and T2DM were defined 
based on self-reported history or the current use 
of antihypertensive or antidiabetic agents; for 
T2DM, diagnosis was further confirmed by fasting 
plasma glucose and glycated hemoglobin (HbA1c) 
levels. Obesity was defined as a body mass index 
(BMI) > 28 kg/m². CKD stages 3–5 were defined 
as estimated glomerular filtration rate < 60 ml/
min/1.73  m2. Other comorbidities were ascer-
tained via self-report.

Laboratory analyses were performed at the 
Clinical Laboratory Center of Beijing Anzhen Hos-
pital following standardized protocols. Measured 
parameters included lipid profiles, glycemic mark-
ers, liver and renal function tests, coagulation pro-
files, and complete blood counts. Procedural data 
regarding invasive strategies were extracted from 
catheterization reports. Discharge medications, 
including antiplatelet agents, lipid-lowering drugs, 
oral glucose-lowering agents, and antihyperten-
sive drugs, were retrieved from electronic medical 
records.

Missing data were imputed using the miss-
Ranger package in R, which implements a  fast 
non-parametric imputation algorithm based on 
random forests.

Cognition assessment

Cognitive function was evaluated in all partici-
pants using the Mandarin Chinese version of the 
MoCA. This scale yields a maximum total score of 
30, derived from the summation of domain-spe-
cific subscores. For patients undergoing invasive 
procedures during their hospitalization, cognitive 
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assessment was strictly conducted prior to the in-
tervention to avoid confounding by perioperative 
factors. The Mandarin MoCA has been validated in 
Chinese populations, demonstrating high reliabil-
ity and validity, as detailed in prior studies [17].

Follow-up and outcome

Post-discharge follow-up was conducted via 
telephone interviews at 6-month intervals for the 
first 2 years and annually thereafter. The primary 
endpoint was major adverse cardiovascular events 
(MACE), defined as a composite of all-cause mor-
tality, nonfatal MI, and nonfatal stroke. Secondary 
endpoints included: (1) all-cause mortality; (2) the 
composite of nonfatal MI and nonfatal stroke; and 
(3) unplanned revascularization. Event status and 
timing were ascertained during follow-up inter-
views and corroborated by medical records when-
ever possible. The follow-up period concluded in 
January 2025.

Statistical analysis

Continuous variables are reported as mean 
± standard deviation (SD) or median with inter-
quartile range (IQR) and were compared using 
Student’s t-test or the Mann-Whitney U  test, re-
spectively. Categorical variables are presented as 
frequencies and percentages [n (%)] and were 
compared using the c2 test or Fisher’s exact test. 
Cumulative event rates were estimated using the 
Kaplan-Meier method, with differences between 
groups assessed via the log-rank test. Receiver 
operating characteristic (ROC) curve analysis was 
used to determine the optimal prognostic cutoff 
for the MoCA scale regarding MACE prediction, 
identified by maximizing the Youden index (sen-
sitivity + specificity – 1).

To quantify the independent prognostic impact 
of cognitive impairment, univariable and multivari-
able Cox proportional hazards regression models 
were constructed. Candidate variables for adjust-
ment included those with a p-value < 0.10 in uni-
variable analysis (Table III, Supplementary Figure 
S1) or established clinical relevance. A hierarchical 
modeling strategy was employed involving four 
nested models: Model 1 adjusted for baseline de-
mographics; Model 2 added clinical comorbidities; 
Model 3 further included laboratory biomarkers; 
and Model 4 (fully adjusted) incorporated medi-
cation use. Results are reported as hazard ratios 
(HRs) with 95% confidence intervals (CIs).

Consistency of findings was evaluated via 
pre-specified subgroup analyses across key clin-
ical and demographic strata. To verify the ro-
bustness of the primary results, three sensitivity 
analyses were performed: (1) applying the stan-
dard MoCA correction for educational attainment 

(adding one point for participants with ≤ 12 years 
of education); (2) excluding patients with a histo-
ry of stroke; and (3) employing propensity score 
matching (PSM). For PSM, a  logistic regression 
model generated propensity scores using all base-
line covariates with a  univariable p-value < 0.2 
between groups. A 1:1 nearest-neighbor matching 
algorithm (caliper = 0.2) was applied, followed by 
Cox regression on the matched cohort.

Statistical analyses were performed using R 
software (version 4.5.0; R Foundation for Statis-
tical Computing, Vienna, Austria). A  two-sided 
p-value < 0.05 was considered statistically signif-
icant.

Results

Baseline characteristics

The patient enrollment and selection process 
is illustrated in Figure 1. Baseline characteristics, 
stratified by clinical outcome, are detailed in Ta-
ble I. The overall cohort had a mean age of 61.2 
±9.6 years and was predominantly male (75.8%). 
Compared with event-free patients, those who 
experienced MACE were significantly older and 
bore a higher burden of cardiovascular risk factors 
and comorbidities, including smoking history, hy-
pertension, T2DM, prior MI, stroke, and heart fail-
ure. Laboratory profiling indicated that the MACE 
group was characterized by elevated inflammato-
ry and metabolic markers (white blood cell count, 
glucose, and hs-CRP), accompanied by lower he-
moglobin levels and reduced eGFR.

Distribution of cognitive impairment across 
key clinical subgroups

Based on ROC curve analysis (Figure 2), the 
optimal prognostic threshold was identified as 
a MoCA score of < 24 (corresponding to the max-

M
ed

ia
n 

fo
llo

w
-u

p 

54
9 

da
ys

Figure 1. Patient enrollment and exclusion flow-
chart

7,091 patients with CAD  
from January 2021 to August 2024

6,130 patients were included in the final analysis 

MACE

123 occurred 6,007 consored 

Exclusion criteria 
• Lost to follow-up/declined follow-up 	 587
• AMI or other unstable conditions 	 356 
• Malignant tumors 	 15 
• Dementia 	 3
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Table I. Baseline characteristics of participants

Variables Total (n = 6130) No MACE (n = 6007) MACE (n = 123) P-value

Age [years] 61.22 ±9.61 61.13 ±9.60 65.89 ±8.91 < 0.001

Male, n (%) 4649 (75.84) 4547 (75.70) 102 (82.93) 0.064

Education, n (%) 0.223

0–6 years 924 (15.07) 905 (15.07) 19 (15.45)

7–12 years 3282 (53.54) 3208 (53.40) 74 (60.16)

> 12 years 1924 (31.39) 1894 (31.53) 30 (24.39)

Smoking status, n (%) 0.040

Never 3881 (63.31) 3811 (63.44) 70 (56.91)

Current 1503 (24.52) 1474 (24.54) 29 (23.58)

Former 746 (12.17) 722 (12.02) 24 (19.51)

Height [cm] 167.08 ±8.26 167.07 ±8.27 167.38 ±7.51 0.682

Weight [kg] 73.37 ±12.48 73.40 ±12.51 72.05 ±10.73 0.234

BMI [kg/m2] 26.16 ±3.38 26.17 ±3.38 25.69 ±3.23 0.116

Medical history, n (%)

T2DM 2604 (42.48) 2541 (42.30) 63 (51.22) 0.048

Hypertension 3744 (61.08) 3654 (60.83) 90 (73.17) 0.005

Atrial fibrillation 104 (1.70) 101 (1.68) 3 (2.44) 0.771

Heart failure 106 (1.73) 100 (1.66) 6 (4.88) 0.018

Prior stroke 209 (3.41) 199 (3.31) 10 (8.13) 0.008

Prior AMI 458 (7.47) 443 (7.37) 15 (12.20) 0.044

Prior revascularization 1480 (24.14) 1446 (24.07) 34 (27.64) 0.360

Prior CABG 92 (1.50) 91 (1.51) 1 (0.81) 0.795

Prior PCI 1416 (23.10) 1383 (23.02) 33 (26.83) 0.321

Laboratory tests

ALB [g/l] 44.91 ±3.55 44.92 ±3.55 44.47 ±3.48 0.163

TG [mmol/l] 1.53 (1.10, 2.29) 1.53 (1.10, 2.29) 1.36 (1.06, 2.07) 0.143

TC [mmol/l] 4.37 ±2.08 4.37 ±2.09 4.29 ±1.62 0.665

HDL-C [mmol/l] 1.10 ±0.29 1.10 ±0.29 1.10 ±0.30 0.997

LDL-C [mmol/l] 2.06 ±0.92 2.06 ±0.92 2.20 ±0.98 0.092

WBC [109/l] 6.40 ±1.84 6.39 ±1.84 6.76 ±1.93 0.027

HB [g/l] 141.44 ±19.10 141.54 ±19.02 136.92 ±22.54 0.008

PLT [109/l] 221.75 ±58.12 221.72 ±58.01 223.47 ±63.47 0.740

GLU [mmol/l] 5.98 (5.12, 8.08) 5.97 (5.12, 8.05) 6.44 (5.48, 9.22) 0.008

eGFR [ml/min/1.73 m2] 93.01 (82.09, 101.63) 93.13 (82.23, 101.72) 90.06 (73.73, 97.44) 0.001

hs-CRP [mg/l] 0.80 (0.47, 1.65) 0.80 (0.47, 1.63) 1.04 (0.60, 2.56) < 0.001

Invasive procedure, n (%)

PCI 3711 (60.54) 3643 (60.65) 68 (55.28) 0.228

Stent 3222 (52.56) 3160 (52.61) 62 (50.41) 0.629

DCB 681 (11.11) 668 (11.12) 13 (10.57) 0.847

DSA 6021 (98.22) 5902 (98.25) 119 (96.75) 0.366

Discharge medications, n (%)

Statin 5871 (95.77) 5751 (95.74) 120 (97.56) 0.320

Aspirin 6031 (98.38) 5909 (98.37) 122 (99.19) 0.725

P2Y12ri 4988 (81.37) 4882 (81.27) 106 (86.18) 0.166

β-blocker 3242 (52.89) 3168 (52.74) 74 (60.16) 0.102

ACEI/ARB 2325 (37.93) 2266 (37.72) 59 (47.97) 0.020
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Variables Total (n = 6130) No MACE (n = 6007) MACE (n = 123) P-value

Cognitive and emotional scales

MoCA Scale 25 (23, 27) 25 (23, 27) 24 (21, 26) < 0.001

Self-Rating Depression Scale 32.70 ±7.41 32.68 ±7.41 33.29 ±7.58 0.372

Self-Rating Anxiety Scale 32.37 ±5.85 32.38 ±5.85 31.95 ±5.59 0.420

ACEI – angiotensin-converting enzyme inhibitor, ALB – albumin, AMI – acute myocardial infarction, ARB – angiotensin II receptor blocker, 
BMI – body mass index, CABG – coronary artery bypass grafting, DCB – drug-coated balloon, DSA – digital subtraction angiography, 
eGFR – estimated glomerular filtration rate, GLU – glucose, HB – hemoglobin, HDL-C – high-density lipoprotein cholesterol, hs-CRP – 
high-sensitivity C-reactive protein, LDL-C – low-density lipoprotein cholesterol, T2DM – type 2 diabetes mellitus, MACE – major adverse 
cardiovascular events, P2Y12ri – P2Y12 receptor inhibitor, PCI – percutaneous coronary intervention, PLT – platelets, TC – total cholesterol, 
TG – triglyceride, WBC – white blood cells.

Table I. Cont.

Figure 2. Receiver operating characteristic analysis of the MoCA score for predicting MACE. A – The ROC curve illus-
trates the predictive performance of the baseline MoCA score for MACE. B – Plot of the Youden index as a function 
of MoCA score thresholds. The peak of the curve indicates the optimal prognostic cutoff value (< 24)

AUC – area under the curve, MoCA – Montreal Cognitive Assessment, ROC – receiver operating characteristic.
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Figure 3. Prevalence of cognitive impairment stratified by key clinical and demographic subgroups. The bar chart 
illustrates the proportion of patients with cognitive impairment (defined as a MoCA score < 24) across various 
subgroups

BMI – body mass index, CKM – cardiovascular-kidney-metabolic, LDL-C – low-density lipoprotein cholesterol, MoCA – Montreal 
Cognitive Assessment, T2DM – type 2 diabetes mellitus.
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Figure 3. Cont. Prevalence of cognitive impairment stratified by key clinical and demographic subgroups. The 
bar chart illustrates the proportion of patients with cognitive impairment (defined as a MoCA score < 24) across 
various subgroups

BMI – body mass index, CKM – cardiovascular-kidney-metabolic, LDL-C – low-density lipoprotein cholesterol, MoCA – Montreal 
Cognitive Assessment, T2DM – type 2 diabetes mellitus.
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imum Youden index); this cutoff was subsequently 
used to define cognitive impairment. Figure 3 il-
lustrates the distribution of cognitive impairment 
across key subgroups. Notably, demographic strati-
fication revealed pronounced disparities, with a sig-
nificantly higher prevalence observed in older pa-
tients (44.8% vs. 17.2%), females (50.6% vs. 27.0%), 
and those with lower educational attainment. Fur-
thermore, cognitive impairment was more frequent 
among patients with established metabolic and 
vascular risk factors, including obesity, hyperten-
sion, dyslipidemia, and renal insufficiency.

Cognitive impairment increases the risk of 
major adverse cardiovascular events

During a median follow-up of 546 days, MACE 
occurred in 123 (2.0%) of the 6,130 participants. 
Specifically, there were 55 all-cause deaths,  
25 nonfatal myocardial infarctions, and 53 nonfatal 
strokes. Unplanned revascularization was recorded 
in 315 (5.1%). Figure 4 depicts the cumulative in-

cidence of the primary and secondary endpoints. 
Kaplan-Meier analysis demonstrated that patients 
with baseline cognitive impairment exhibited 
a significantly higher incidence of MACE compared 
to those with preserved cognition (Figure 4 A, log-
rank p = 0.001). Similarly, the cognitively impaired 
group experienced a  significantly higher rate of 
all-cause mortality (Figure 4 B, log-rank p = 0.020) 
and the composite of nonfatal MI or stroke (Figure 
4 C, log-rank p = 0.021). Conversely, no significant 
intergroup difference was observed in the cumula-
tive incidence of unplanned revascularization (Fig-
ure 4 D, log-rank p = 0.791).

To identify independent prognostic factors 
for MACE, univariable and multivariable Cox pro-
portional hazards regression analyses were per-
formed (Table II). In univariable analysis, baseline 
cognitive impairment was significantly associated 
with an increased risk of MACE (HR = 1.79, 95% CI:  
1.26–2.55, p < 0.001). To evaluate the robustness 
of this finding, a  hierarchical modeling strategy 

Figure 4. Kaplan-Meier cumulative incidence curves for primary and secondary outcomes stratified by cognitive 
status. A – Major adverse cardiovascular events (MACE). B – All-cause mortality. C – Composite of nonfatal myocar-
dial infarction (MI) or stroke. D – Unplanned revascularization
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Table II. Multivariable Cox regression analysis

Variables HR (95% CI) and p-value

Model 0 Model 1 Model 2 Model 3 Model 4

Impaired cognition 1.79 
(1.26–2.55)

0.001 1.72 
(1.16–2.56)

0.008 1.60 
(1.07–2.39)

0.022 1.60 
(1.07–2.39)

0.023 1.58 
(1.06–2.37)

0.026

Male 2.06 
(1.26–3.35)

0.004 2.04 
(1.20–3.44)

0.008 2.16 
(1.26–3.70)

0.005 2.18 
(1.27–3.73)

0.005

Age > 60 years 1.99 
(1.31–3.02)

0.001 1.83 
(1.20–2.79)

0.005 1.76 
(1.15–2.70)

0.01 1.81 
(1.18–2.78)

0.007

Education duration

> 12 years

7–12 years 1.19 
(0.76–1.85)

0.442 1.17 
(0.75–1.83)

0.488 1.17 
(0.75–1.83)

0.499 1.19 
(0.76–1.86)

0.453

0–6 years 0.89 
(0.47–1.68)

0.711 0.86 
(0.45–1.64)

0.643 0.86 
(0.45–1.65)

0.651 0.87 
(0.45–1.66)

0.666

Smoking status

Never (ref)

Former 1.32 
(0.81–2.15)

0.265 1.30 
(0.80–2.11)

0.298 1.31 
(0.80–2.13)

0.282

Current 0.94 
(0.60–1.49)

0.806 0.90 
(0.57–1.43)

0.659 0.91 
(0.57–1.44)

0.678

T2DM 1.34 
(0.94–1.92)

0.106 1.31 
(0.91–1.88)

0.141 1.29 
(0.90–1.85)

0.163

Hypertension 1.62 
(1.08–2.44)

0.02 1.62 
(1.08–2.44)

0.021 1.50 
(0.97–2.32)

0.07

Obesity 0.81 
(0.53–1.25)

0.343 0.80 
(0.52–1.24)

0.32 0.79 
(0.51–1.22)

0.292

CKD stages 3–5 2.21 
(1.26–3.90)

0.006 2.02 
(1.14–3.59)

0.016 2.01 
(1.13–3.57)

0.017

LDL-C < 1.8 mmol/l 0.59 
(0.40–0.87)

0.008 0.60 
(0.40–0.89)

0.011 0.59 
(0.40–0.88)

0.01

Prior AMI 1.70 
(0.96–2.99)

0.068 1.66 
(0.94–2.94)

0.079 1.52 
(0.85–2.70)

0.155

Prior 
revascularization

1.08 
(0.72–1.62)

0.72 1.12 
(0.74–1.69)

0.591 1.09 
(0.72–1.64)

0.689

Prior stroke 1.65 
(0.86–3.20)

0.135 1.55 
(0.80–3.02)

0.195 1.64 
(0.85–3.18)

0.143

Heart failure 2.25 
(0.97–5.20)

0.058 2.18 
(0.94–5.06)

0.068 1.95 
(0.83–4.60)

0.126

ALT 1.00 
(0.99–1.01)

0.859 1.00 
(0.99–1.02)

0.71

WBC 1.08 
(0.99–1.17)

0.077 1.07 
(0.99–1.17)

0.104

HB 0.99 
(0.98–1.00)

0.066 0.99 
(0.98–1.00)

0.038

hs-CRP 1.04 
(0.99–1.10)

0.122 1.05 
(0.99–1.11)

0.1

SDS score 1.03 
(1.00–1.07)

0.04 1.04 
(1.00–1.07)

0.034

SAS score 0.96 
(0.92–1.00)

0.053 0.96 
(0.91–1.00)

0.05

Aspirin 0.88 
(0.12–6.38)

0.896

P2Y12ri 1.36 
(0.80–2.30)

0.255
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Variables HR (95% CI) and p-value

Model 0 Model 1 Model 2 Model 3 Model 4

β-blocker 1.20 
(0.83–1.73)

0.346

ACEI/ARB 1.24 
(0.84–1.84)

0.273

Statin 2.24 
(0.68–7.30)

0.183

ACEI – angiotensin-converting enzyme inhibitor, ALT – alanine aminotransferase, ARB – angiotensin receptor blocker, BMI – body mass 
index, CKD – chronic kidney disease, CI – confidence interval, HB – hemoglobin, HR – hazard ratio, hs-CRP – high-sensitivity C-reactive 
protein, LDL-C – low-density lipoprotein cholesterol, MI – myocardial infarction, SAS – Zung Self-Rating Anxiety Scale, SDS – Zung Self-
Rating Depression Scale, T2DM – type 2 diabetes mellitus, WBC – white blood cell.

Subgroup	 Impaired 	 Normal	 Hazard ratio
		  (events/N)	 (events/N)	 (95% CI)	 HR (95% CI)	 P-value
Sex

	 Female	 14/749	 7/732		  1.28 (0.45–3.64)	 0.646

	 Male	 45/1253	 57/3396		  1.63 (1.05–2.52)	 0.028

Age > 60 years

	 No	 10/465	 23/2238		  1.70 (0.76–3.84)	 0.200

	 Yes	 49/1537	 41/1890		  1.68 (1.05–2.68)	 0.029

Education duration [years]

	 > 12	 7/193	 23/1731		  1.65 (0.63–4.30)	 0.304

	 7–12 	 36/1106	 38/2176		  1.60 (0.99–2.57)	 0.053

	 0–6	 16/703	 3/221		  1.25 (0.32–4.83)	 0.749

T2DM	

	 No	 29/1126	 31/2400		  1.74 (0.97–3.14)	 0.065

	 Yes	 30/876	 33/1728		  1.44 (0.83–2.52)	 0.198

Hypertension

	 No	 16/711	 17/1675		  1.90 (0.86–4.17)	 0.112

	 Yes	 43/1291	 47/2453		  1.46 (0.91–2.35)	 0.120

BMI > 28 kg/m2

	 No	 44/1516	 51/2989		  1.37 (0.86–2.16)	 0.180

	 Yes	 15/486	 13/1139		  2.73 (1.14–6.55)	 0.024

CKD 3–5 stage

	 No	 48/1879	 61/3964		  1.46 (0.96-2.24)	 0.079

	 Yes	 11/123	 3/164		  6.03 (1.08–33.76)	 0.041

LDL < 1.8 mmol/l

	 No	 44/1247	 43/2321		  1.89 (1.18–3.02)	 0.008

	 Yes	 15/755	 21/1807		  0.99 (0.45–2.17)	 0.973

Figure 5. Subgroup analysis of the association between baseline cognitive impairment and risk of MACE

Favors impaired	�  Favors normal

	 0.5	 1.0	 2.0	 3.0
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was employed. In the fully adjusted model (Mod-
el 4), which controlled for a comprehensive set of 
demographic, clinical, and laboratory covariates, 
cognitive impairment remained an independent 
and significant predictor of MACE (HR = 1.58,  
95% CI: 1.06–2.37, p = 0.026) (Figure 5).

Subgroup and sensitivity analyses

Subgroup analyses demonstrated a directional 
consistency, as cognitive impairment was associ-
ated with a tendency toward elevated risk (HR > 1) 
across the majority of clinical strata. We focused 
specifically on subgroups defined by age, sex, and 
educational attainment, given our earlier finding 
that these were the three factors with the most 
pronounced impact on cognitive function. Despite 
the loss of statistical significance in specific stra-
ta, the direction of the association between cogni-
tive impairment and MACE remained unchanged. 
In the subgroup with LDL-C < 1.8 mmol/l, no sta-
tistically significant association was observed  
(HR = 0.99, 95% CI: 0.45–2.17; p = 0.973); howev-
er, the wide confidence interval indicates substan-
tial uncertainty, making it inconclusive whether 
a true association is absent.

Sensitivity analyses confirmed the robustness 
of our primary findings. First, the association be-
tween cognitive impairment and MACE remained 
significant after excluding patients with a  histo-
ry of stroke (Supplementary Table SI; HR = 1.63, 
95% CI: 1.07–2.47, p = 0.023). Second, the results 
remained consistent when applying standard ed-
ucational adjustments to MoCA scores (Supple-
mentary Table SII; HR = 1.58, 95% CI: 1.06–2.37,  
p = 0.026). Supplementary Figures S1 and S2 illus-
trate the distribution of propensity scores and the 
balance of covariates before and after matching. 
Finally, analysis of the propensity score-matched 
cohort further corroborated these findings (Sup-
plementary Table SIII; HR = 1.57, 95% CI: 1.00–
2.47, p = 0.050), with baseline covariates well bal-
anced (Supplementary Figures S1, S2).

Discussion

Main findings

We investigated the prognostic value of base-
line cognitive function in a cohort of patients with 
clinically stable CAD. Our primary finding demon-
strates that, even in this stable setting, the pres-
ence of cognitive impairment serves as a  robust 
and independent predictor of future MACE.

Prognostic implications of cognitive 
impairment in CAD

Epidemiological evidence has established that 
risk factors for ASCVD also elevate the risk of cog-

nitive impairment, contributing to detrimental 
changes in brain structure and function [18, 19]. 
This association is particularly evident in patients 
with CAD, who experience an accelerated rate of 
cognitive decline, leading to a high prevalence of 
cognitive disorders within this population [20].

Several prior studies have investigated the 
prognostic implications of cognitive function in 
patients with CAD. For instance, in a cohort of pa-
tients with AMI on short-term follow-up, Gharach-
olou et al. demonstrated that cognitive impairment 
was associated with an increased risk of 1-year 
mortality [21]. Similarly, a study by Sanchis et al. 
with a median follow-up of 8.7 years in patients 
with ACS identified cognitive impairment as an 
independent predictor of death and MI [22]. Fur-
thermore, cognitive dysfunction can significantly 
compromise patients’ decision-making capacity 
and treatment adherence. Bagai et al., using data 
from the NCDR Chest Pain registry, found that cog-
nitive impairment not only increased the risk of 
in-hospital mortality but was also associated with 
a lower likelihood of receiving cardiac reperfusion 
and invasive strategies [8]. Notably, the majority 
of existing evidence is derived from populations 
with ACS. An acute, severe illness such as ACS can 
itself precipitate cognitive dysfunction [23]. Given 
that cognitive assessments during an acute event 
can be confounded by the illness itself, the pres-
ent study will focus on a clinically stable popula-
tion of CAD patients. This approach allows us to 
determine the true prognostic impact of cognitive 
function, devoid of acute confounding factors.

We observed that while cognitive impairment 
was a strong independent predictor of MACE, the 
MoCA score alone demonstrated limited discrim-
inative ability. This is consistent with the per-
formance of most individual cardiovascular risk 
factors, which rarely achieve high concordance 
statistics in isolation. Therefore, the MoCA should 
not be viewed as a standalone prognostic tool but 
rather as a  complementary marker. It captures 
a distinct dimension of patient vulnerability – neu-
rocognitive fragility – that provides additive value 
to traditional cardiovascular risk stratification.

Although statistical significance was not 
reached in some subgroups, the point estimates 
of the hazard ratios remained directionally consis-
tent across most strata. This lack of significance 
in certain subgroups likely reflects reduced statis-
tical power due to smaller sample sizes and fewer 
outcome events, rather than providing evidence 
of no effect. Notably, the association between 
cognitive impairment and MACE appeared partic-
ularly pronounced among patients with obesity, 
suboptimal lipid control, and CKD. These findings 
suggest that the detrimental impact of cognitive 
deficits is magnified in the presence of these co-
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morbidities, identifying these patients as priority 
candidates for targeted cognitive screening. How-
ever, specific caution is warranted regarding the 
interpretation of sex differences. While our data 
indicated a higher prevalence of cognitive impair-
ment in women, the cohort was predominantly 
male (75.8%), reflecting the typical epidemiology 
of CAD. This lack of gender homogeneity limits the 
statistical robustness of sex-specific conclusions. 
Therefore, these findings should be considered 
hypothesis-generating and require confirmation 
in future cohorts with a  more balanced gender 
distribution.

Potential mechanisms underlying the 
association

Our analysis supports the hypothesis of 
a  shared etiology for the observed association 
between cognitive impairment and MACE. As il-
lustrated in Figure 3, cognitive function was sig-
nificantly correlated with traditional ASCVD risk 
factors. This suggests that MACE and cognitive 
impairment are not merely coincidentally linked 
but are likely parallel manifestations of the same 
underlying systemic vasculopathy. The brain, with 
its high metabolic demand and dense microvascu-
lature, is highly susceptible to systemic vascular 
dysfunction. Consequently, this dysfunction often 
manifests as chronic cerebral hypoperfusion, mi-
croinfarcts, and white matter lesions, which are 
the pathological hallmarks of vascular cognitive 
impairment [24–26].

Given that cognitive function is closely in-
tertwined with multiple ASCVD risk factors, we 
employed two distinct methods to mitigate con-
founding: multivariable adjustment in Cox re-
gression models and a PSM analysis. Across both 
approaches, our primary finding, that cognitive 
impairment independently predicts MACE, re-
mained robust.

Beyond shared pathophysiology, cognitive 
impairment may directly exacerbate MACE risk 
through behavioral pathways. Impaired mem-
ory can lead to missed medication doses, while 
poor executive function undermines the ability 
to manage complex medication schedules, which 
is a common challenge for CAD patients on poly-
pharmacy [27–29]. Since medication adherence 
was not explicitly assessed during hospitaliza-
tion or follow-up, the potential mediating role of 
adherence discussed above remains speculative. 
Deficits in these cognitive domains compromise 
adherence to essential secondary prevention ther-
apies (e.g., dual antiplatelet therapy and statins), 
thereby attenuating their cardioprotective effects 
[30]. Furthermore, beyond medication adherence, 
cognitive dysfunction may significantly prolong 
the interval between symptom onset and seeking 

medical care. Patients with cognitive deficits may 
struggle to accurately interpret ischemic symp-
toms (e.g., chest pain) or assess their urgency, 
leading to delayed presentation and missed win-
dows for optimal therapeutic intervention. This 
pre-hospital delay represents a critical behavioral 
mechanism that warrants further investigation 
in future studies. Executive dysfunction can sub-
stantially impede the adoption and maintenance 
of crucial lifestyle modifications [31–33]. Complex 
health behaviors, such as adhering to a  heart-
healthy diet, engaging in regular physical activity, 
and smoking cessation, are cognitively demand-
ing. They require higher-order processes includ-
ing goal-setting, long-term planning, and impulse 
control, all of which are governed by the brain’s 
executive functions.

A  noteworthy finding was that cognitive im-
pairment predicted spontaneous MACE, but not 
the risk of unplanned revascularization. We hy-
pothesize that this divergence stems from the 
different natures of these endpoints. MACE, as 
defined in our study, consists of primarily spon-
taneous, pathophysiological events. In contrast, 
the pathway to an unplanned revascularization is 
a complex process strongly influenced by subjec-
tive and behavioral factors. This pathway requires 
a patient to accurately perceive symptoms, make 
sound judgments under the duress of an acute 
event, effectively communicate their condition, 
and participate in shared decision-making regard-
ing recommendations for invasive strategies [34]. 
As cognitive impairment can compromise all of 
these critical abilities, the true severity of a  pa-
tient’s clinical condition may be masked. This may 
provide a plausible explanation for the observed 
null association [34, 35].

Our study has several limitations that merit 
consideration. First, the observational design in-
herently precludes the determination of causal 
relationships between cognitive impairment and 
MACE. Second, as a single-center study involving 
a specific cohort of Chinese patients with stable 
CAD, the generalizability of our findings to other 
ethnic groups or healthcare settings remains to 
be verified. Furthermore, we acknowledge that 
the relatively short median follow-up and the low 
absolute number of events limit the strength of 
long-term prognostic inferences. Consequently, 
multicenter external validation with extended fol-
low-up duration is strictly warranted. Third, cogni-
tive function was assessed at a single time point; 
consequently, we could not evaluate the prognos-
tic impact of longitudinal cognitive trajectories. 
Fourth, we acknowledge the strong correlation 
between cognitive impairment and traditional risk 
factors such as age, educational attainment, and 
comorbidities (e.g., CKD and diabetes). Although 
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we employed rigorous multivariable adjustment 
and propensity score matching to mitigate these 
biases, the possibility of residual confounding 
remains. For instance, the intricate interplay be-
tween vascular pathology and neurodegenera-
tion suggests that shared underlying mechanisms 
might partially drive the observed association, be-
yond what can be statistically adjusted. Fifth, the 
optimal MoCA cutoff (< 24) was derived using ROC 
analysis within the current dataset. We acknowl-
edge that this internal derivation, without external 
validation, inevitably introduces optimism bias and 
overfitting, potentially inflating the observed prog-
nostic performance. Consequently, this threshold is 
likely population-specific and differs from the stan-
dard diagnostic cutoff (< 26). Therefore, our find-
ings must be interpreted with caution, and external 
validation is strictly required to confirm its general-
izability and clinical utility. Finally, we acknowledge 
that the number of events (n = 123) relative to the 
number of covariates in the fully adjusted model 
resulted in a suboptimal events-per-variable (EPV) 
ratio, which may theoretically increase the risk of 
overfitting. However, the variables included were 
selected based on established clinical relevance to 
minimize residual confounding. Furthermore, the 
robustness of our findings was confirmed by the 
propensity score matching (PSM) analysis, a meth-
od that effectively mitigates dimensionality issues. 
The high consistency between the multivariable 
Cox model and the PSM analysis supports the va-
lidity of the reported estimates.

In conclusion, among clinically stable patients 
with coronary artery disease, baseline cognitive 
impairment is an independent predictor of future 
major adverse cardiovascular events, including 
death, myocardial infarction, and stroke.
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