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Abstract

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% Cl: 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/I.

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., MCl) 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 (HbAlc)
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 Ml 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 y? 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 I, 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 (Cls).

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 M, 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-

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

Exclusion criteria
« Lost to follow-up/declined follow-up 587
> ¢ AMI or other unstable conditions 356
» Malignant tumors 15
* Dementia 3

6,130 patients were included in the final analysis

5

Il MACE

o >

= 3]

o|o

E %\ Y Y

—é 123 occurred 6,007 consored
Figure 1. Patient enrollment and exclusion flow-
chart
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Table 1. 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/m?] 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/] 4491 £3.55 4492 +3.55 4447 £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/1] 1.10 £0.29 1.10 +0.29 1.10 +0.30 0.997
LDL-C [mmol/] 2.06 £+0.92 2.06 £0.92 2.20 +0.98 0.092
WBC [10%/1] 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 [10°/1] 221.75 £58.12 221.72 £58.01 223.47 +63.47 0.740
GLU [mmol/1] 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 m?] 93.01 (82.09, 101.63) 93.13 (82.23, 101.72) 90.06 (73.73, 97.44) 0.001
hs-CRP [mg/] 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
B-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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Table I. Cont.
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

ACE| — angiotensin-converting enzyme inhibitor, ALB — albumin, AMI — acute myocardial infarction, ARB — angiotensin Il 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, PCl — percutaneous coronary intervention, PLT — platelets, TC — total cholesterol,
TG — triglyceride, WBC — white blood cells.
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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-
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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 Ml 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% Cl:
1.26-2.55, p < 0.001). To evaluate the robustness
of this finding, a hierarchical modeling strategy
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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 Il. Multivariable Cox regression analysis

Variables HR (95% Cl) and p-value
Model 0 Model 1 Model 2 Model 3 Model 4
Impaired cognition 1.79 0.001 1.72 0.008 1.60 0.022 1.60 0.023 1.58 0.026
(1.26-2.55) (1.16-2.56) (1.07-2.39) (1.07-2.39) (1.06-2.37)
Male 2.06 0.004 2.04 0.008 2.16 0.005 2.18 0.005
(1.26-3.35) (1.20-3.44) (1.26-3.70) (1.27-3.73)
Age > 60 years 1.99 0.001 1.83 0.005 1.76 0.01 1.81 0.007
(1.31-3.02) (1.20-2.79) (1.15-2.70) (1.18-2.78)
Education duration
> 12 years
7-12 years 1.19 0.442 1.17 0.488 1.17 0.499 1.19 0.453
(0.76-1.85) (0.75-1.83) (0.75-1.83) (0.76-1.86)
0-6 years 0.89 0.711 0.86 0.643 0.86 0.651 0.87 0.666
(0.47-1.68) (0.45-1.64) (0.45-1.65) (0.45-1.66)
Smoking status
Never (ref)
Former 1.32 0.265 1.30 0.298 1.31 0.282
(0.81-2.15) (0.80-2.11) (0.80-2.13)
Current 0.94 0.806 0.90 0.659 0.91 0.678
(0.60-1.49) (0.57-1.43) (0.57-1.44)
T2DM 1.34 0.106 1.31 0.141 1.29 0.163
(0.94-1.92) (0.91-1.88) (0.90-1.85)
Hypertension 1.62 0.02 1.62 0.021 1.50 0.07
(1.08-2.44) (1.08-2.44) (0.97-2.32)
Obesity 0.81 0.343 0.80 0.32 0.79 0.292
(0.53-1.25) (0.52-1.24) (0.51-1.22)
CKD stages 3-5 2.21 0.006 2.02 0.016 2.01 0.017
(1.26-3.90) (1.14-3.59) (1.13-3.57)
LDL-C < 1.8 mmol/l 0.59 0.008 0.60 0.011 0.59 0.01
(0.40-0.87) (0.40-0.89) (0.40-0.88)
Prior AMI 1.70 0.068 1.66 0.079 1.52 0.155
(0.96-2.99) (0.94-2.94) (0.85-2.70)
Prior 1.08 0.72 1.12 0.591 1.09 0.689
revascularization (0.72-1.62) (0.74-1.69) (0.72-1.64)
Prior stroke 1.65 0.135 1.55 0.195 1.64 0.143
(0.86-3.20) (0.80-3.02) (0.85-3.18)
Heart failure 2.25 0.058 2.18 0.068 1.95 0.126
(0.97-5.20) (0.94-5.06) (0.83-4.60)
ALT 1.00 0.859 1.00 0.71
(0.99-1.01) (0.99-1.02)
WBC 1.08 0.077 1.07 0.104
(0.99-1.17) (0.99-1.17)
HB 0.99 0.066 0.99 0.038
(0.98-1.00) (0.98-1.00)
hs-CRP 1.04 0.122 1.05 0.1
(0.99-1.10) (0.99-1.11)
SDS score 1.03 0.04 1.04 0.034
(1.00-1.07) (1.00-1.07)
SAS score 0.96 0.053 0.96 0.05
(0.92-1.00) (0.91-1.00)
Aspirin 0.88 0.896
(0.12-6.38)
P2Y12ri 1.36 0.255
(0.80-2.30)
1366 Arch Med Sci 3, June / 2026
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Variables HR (95% Cl) and p-value
Model 0 Model 1 Model 2 Model 3 Model 4

B-blocker 1.20 0.346
(0.83-1.73)

ACEI/ARB 1.24 0.273
(0.84-1.84)

Statin 2.24 0.183
(0.68-7.30)

ACEI — angiotensin-converting enzyme inhibitor, ALT — alanine aminotransferase, ARB — angiotensin receptor blocker, BMI — body mass
index, CKD — chronic kidney disease, Cl — confidence interval, HB — hemoglobin, HR — hazard ratio, hs-CRP — high-sensitivity C-reactive
protein, LDL-C - low-density lipoprotein cholesterol, Ml — 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% ClI) HR (95% CI) P-value

Sex |

Female 14/749 71732 k i 1.28 (0.45-3.64) 0.646

Male 45/1253 57/3396 :I—I—i 1.63 (1.05-2.52) 0.028
Age > 60 years i

No 10/465 23/2238 ! » 1.70 (0.76-3.84) 0.200

Yes 49/1537 41/1890 il—.—! 1.68 (1.05-2.68) 0.029
Education duration [years] :

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

7-12 36/1106 38/2176 :—I—i 1.60 (0.99-2.57) 0.053

0-6 16/703 3/221 i 1.25 (0.32-4.83) 0.749
T2DM :

No 29/1126 31/2400 :i L 1.74 (0.97-3.14) 0.065

Yes 30/876 33/1728 D—:—I—! 1.44 (0.83-2.52) 0.198
Hypertension i

No 16/711 17/1675 : L 1.90 (0.86-4.17) 0.112

Yes 43/1291 47/2453 IJ:—I—l 1.46 (0.91-2.35) 0.120
BMI > 28 kg/m? :

No 44/1516 51/2989 l—é—.—l 1.37 (0.86-2.16) 0.180

Yes 15/486 13/1139 : —_—a 2.73 (1.14-6.55) 0.024
CKD 3-5 stage i

No 48/1879 61/3964 I{—I—i 1.46 (0.96-2.24) 0.079

Yes 11/123 3/164 i _ 6.03 (1.08-33.76) 0.041
LDL < 1.8 mmol/l :

No 44/1247 43/2321 i > 1.89 (1.18-3.02) 0.008

Yes 15/755 21/1807 l—*—l 0.99 (0.45-2.17) 0.973

T | |
0.5 10 2.0 3.0
>
Favors impaired Favors normal
Figure 5. Subgroup analysis of the association between baseline cognitive impairment and risk of MACE
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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% Cl: 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/|, no sta-
tistically significant association was observed
(HR =0.99, 95% Cl: 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 Sl; HR = 1.63,
95% Cl: 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% Cl: 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 Slll; HR = 1.57, 95% Cl: 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 @ 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.

Acknowledgments

The authors gratefully acknowledge the contri-
butions of Ms. Li Tianfang and Ms. Zhang Xinyi for
their dedicated efforts in the data management of
this project.

Funding

This study was funded by the Chinese Society
of Cardiology (Project code: CSC2023A03), the Na-
tional Natural Science Foundation of China (Grant
Nos. 82070301 and 82270345), the Beijing Mu-
nicipal Health Bureau (Grant Nos. YGLX202324),
and the High-Level Research Program of Beijing
Anzhen Hospital (Grant Nos. 2025AZB6014 and
Nos. 2024AZB1011).

Ethical approval

The study protocol was approved by the Insti-
tutional Review Board of Beijing Anzhen Hospital,

Capital Medical University (Ethics Approval Code:
KS2023081).

Conflict of interest

The authors declare no conflict of interest.

References

1. Testai FD, Gorelick PB, Chuang PY, et al. Cardiac contri-
butions to brain health: a scientific statement from the
American Heart Association. Stroke 2024; 55: e425-38.

2. Kjeldsen EW, Frikke-Schmidt R. Causal cardiovascu-
lar risk factors for dementia: insights from observa-
tional and genetic studies. Cardiovasc Res 2025; 121:
537-49.

3. Dove A, Marseglia A, Shang , et al. Cardiometabolic mul-
timorbidity accelerates cognitive decline and dementia
progression. Alzheimers Dement 2023; 19: 821-30.

4. Singh-Manoux A, Sabia S, Lajnef M, et al. History of cor-
onary heart disease and cognitive performance in mid-
life: the Whitehall Il study. Eur Heart J 2008; 29: 2100-7.

5. Wang G, Tang H, Lu Y, et al. Association between con-
tinuous exercise and cognitive function in Chinese el-
derly with chronic diseases: the mediating role of pos-
itive emotions. Arch Med Sci https://doi.org/ 10.5114/
aoms/202503.

6. Blatecka M, Biatecka M, Machoy-Mokrzynska A, et al.
The importance of TNF-a. signaling: potential risk factor
in neurodegenerative and cardiovascular diseases. Arch
Med Sci 2026; 22: 27-44.

7. Zhao L, Xu Y, Xia L, Zhang Y. Causal associations between
sleep apnea and dementia: a two-sample mendelian
randomization study. Arch Med Sci 2026; 22: 822-33.

8. Bagai A, Chen AY, Udell JA, et al. Association of cogni-
tive impairment with treatment and outcomes in old-
er myocardial infarction patients: a report from the
NCDR Chest Pain-MI Registry. ] Am Heart Assoc 2019;
8:e012929.

9. Prasitlumkum N, Doyle KS, Ding KR, et al. The impact of
cognitive impairment in patients with acute coronary
syndrome undergoing percutaneous revascularization:
a systematic review and meta-analysis. Coron Artery Dis
2022; 31: 59-66.

10. Hajduk AM, Saczynski JS, Tsang S, et al. Presentation,
treatment, and outcomes of older adults hospitalized
for acute myocardial infarction according to cognitive
status: the SILVER-AMI Study. Am J Med 2021; 134:
910-7.

11. Kipinoinen T, Toppala S, Rinne JO, et al. Association
of midlife inflammatory markers with cognitive per-
formance at 10-year follow-up. Neurology 2022; 99:
e2294-302.

12. Pandharipande PR Girard TD, Jackson JC, et al. Long-
term cognitive impairment after critical illness. N Engl
J Med 2013; 369: 1306-16.

13. Hall EJ, Schaffert J, Agarwal S, et al. Cognitive function
and patient-reported outcomes after cardiogenic shock.
J Am Coll Cardiol 2025; 85: 1604-7.

14. Creavin ST, Wisniewski S, Noel-Storr AH, et al. Mini-Men-
tal State Examination (MMSE) for the detection of de-
mentia in clinically unevaluated people aged 65 and
over in community and primary care populations. Co-
chrane Database Syst Rev 2016; 2016: CD011145.

15. Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montre-
al Cognitive Assessment, MoCA: a brief screening tool

1370

Arch Med Sci 3, June / 2026



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Cognitive screening for cardiovascular risk stratification in stable coronary artery disease: a prospective cohort study

for mild cognitive impairment. ] Am Geriatr Soc 2005;
53:695-9.

Chinese Society of Cardiology, Chinese Medical Asso-
ciation; editorial board of Chinese journal of cardiolo-
gy. Guidelines for percutaneous coronary intervention
(2025). Zhonghua Xin Xue Guan Bing Za Zhi 2025; 53:
717-45.

Lu J, Li D, Li F et al. Montreal cognitive assessment in
detecting cognitive impairment in Chinese elderly indi-
viduals: a population-based study. J Geriatr Psychiatry
Neurol 2011; 24: 184-90.

Wang S, Wang J, Dove A, et al. Association of impaired
kidney function with dementia and brain pathologies:
a community-based cohort study. Alzheimers Dement
2023; 19: 2765-73.

Qureshi D, Topiwala A, Al Abid SU, et al. Association of
metabolic syndrome with neuroimaging and cognitive
outcomes in the UK Biobank. Diabetes Care 2024; 47:
1415-23.

Zheng L, Mack W), Chui HC, et al. Coronary artery dis-
ease is associated with cognitive decline independent
of changes on magnetic resonance imaging in cogni-
tively normal elderly adults. J Am Geriatr Soc 2012; 60:
499-504.

Gharacholou SM, Reid KJ, Arnold SV, et al. Cognitive im-
pairment and outcomes in older adult survivors of acute
myocardial infarction: findings from the translational
research investigating underlying disparities in acute
myocardial infarction patients’ health status registry.
Am Heart ) 2011; 162: 860-9.el.

Sanchis J, Bonanad C, Garcia-Blas S, et al. Long-term
prognostic value of cognitive impairment on top of frail-
ty in older adults after acute coronary syndrome. J Clin
Med 2021; 10: 444.

Baran G, Yildiz SS, Oner OG, et al. Evaluation of cogni-
tive functions in patients with acute coronary syndrome
undergoing percutaneous coronary intervention: a pro-
spective pilot study. Diagnostics (Basel) 2024; 14: 1492.
Gorelick PB, Scuteri A, Black SE, et al. Vascular contri-
butions to cognitive impairment and dementia. Stroke
2011; 42: 2672-713.

Mejia-Renteria H, Travieso A, Matias-Guiu JA, et al.
Coronary microvascular dysfunction is associated with
impaired cognitive function: the Cerebral-Coronary Con-
nection study (C3 study). Eur Heart ) 2023; 44: 113-25.
Ying H, Jlanping C, Jlanging Y, Shanquan Z. Cognitive
variations among vascular dementia subtypes caused
by small-, large-, or mixed-vessel disease. Arch Med Sci
2016; 12: 747-53.

He X, Wang X, Wang B, Zhu A. The association between
mild cognitive impairment and medication non-adher-
ence among elderly patients with chronic diseases.
Cureus 2023; 15: e47756.

Adachi T, Tsunekawa Y, Tanimura D. Association between
cognitive impairment and medication adherence score,
including psychological aspects in older patients with
cardiovascular disease. Geriatr Nurs 2025; 62: 229-35.
Insel K, Morrow D, Brewer B, Figueredo A. Executive
function, working memory, and medication adherence
among older adults. J Gerontol B Psychol Sci Soc Sci
2006; 61: P102-7.

Hou Q, Zhao Y, Wu Y. Medication adherence trajectories
and clinical outcomes in patients with cardiovascular
disease: a systematic review and meta-analysis. ) Glob
Health 2025; 15: 04145.

Allan JL, McMinn D, Daly M. A bidirectional relationship
between executive function and health behavior: evi-

32.

33.

34.

35.

dence, implications, and future directions. Front Neuro-
sci 2016; 10: 386.

Viola NM, Laudine JR Kirihara S, Nemeth J. The role of
executive functioning in smoking cessation: a scoping
review. Drug Alcohol Rev 2025; 44: 626-39.

Dohle S, Diel K, Hofmann W. Executive functions and
the self-regulation of eating behavior: a review. Appe-
tite 2018; 124: 4-9.

Ivynian SE, Ferguson C, Newton PJ, DiGiacomo M. The
role of illness perceptions in delayed care-seeking in
heart failure: a mixed-methods study. Int J Nurs Stud
2024; 150: 104644.

Shadlen MN, Kiani R. Decision making as a window on
cognition. Neuron 2013; 80: 791-806.

Arch Med Sci 3, June / 2026

1371



