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ABSTRACT

Background and aim: Cognitive impairment is a common complication in the acute phase of ischaemic stroke
(IS). The Atherogenic Index of Plasma (AIP) has been proposed as a potential marker of vascular risk; however,
its relationship with cognitive function across different stroke subtypes remains unclear. This study aimed to
evaluate the association between AIP and cognitive performance, with consideration of IS subtypes, using the
Montreal Cognitive Assessment Indonesian Version (MoCA-Ina).

Methods: A cross-sectional analytic study was conducted at Dr. Wahidin Sudirohusodo General Hospital,
Makassar, from July to December 2025. Patients aged >40 years with first-ever acute ischaemic stroke (onset
24 hours—7 days) and preserved consciousness were included. Exclusion criteria comprised recurrent stroke,
transient ischaemic attack, aphasia, pre-existing dementia, systemic or psychiatric conditions affecting cog-
nition or lipid metabolism, and prior lipid-lowering therapy. AIP was calculated as logy, (triglyceride/HDL-C).
Cognitive function was assessed using MoCA-Ina, and stroke subtype was classified as lacunar or non-lacunar.
Statistical analyses included Spearman correlation, Mann—-Whitney, and independent t-tests.

Results: Most patients showed cognitive impairment (74%; median MoCA-Ina 23.00) and high-risk AIP levels
(65%; mean 0.285). AIP demonstrated a significant negative correlation with total MoCA-Ina score
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(r=-0.342; p = 0.001). Non-lacunar stroke patients showed lower cognitive scores compared with lacunar
stroke (mean 19.02 vs 21.90; p = 0.028). In contrast, AIP values did not differ between subtypes (p = 0.991).
Conclusions: Higher AIP is associated with worse cognitive performance in the acute phase of ischaemic
stroke. This finding suggests that atherogenic dyslipidaemia may contribute to early cognitive decline irrespec-
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Introduction

Stroke is a leading cause of mortality and long-
term disability worldwide, with post-stroke cognitive
impairment (PSCI) emerging as a significant acute-
phase complication that is often overlooked by clini-
cians (1,2). Cognitive deficits, which encompass the
domains of memory, executive function, attention,
and visuospatial abilities, significantly impair the in-
dependence and quality of life of stroke survivors
(3-5). Although vascular cognitive impairment (VCI)
can arise from various cerebrovascular etiologies, in-
cluding large artery atherosclerosis (non-lacunar) and
small vessel occlusion (lacunar), the pathophysiologi-
cal mechanisms driving cognitive decline differ signifi-
cantly between these two subtypes (6,7). Small vessel
occlusion (SVO), which clinically manifests as lacunar
stroke, reflects microvascular pathology that can strate-
gically disrupt neural circuits despite having a minimal
infarct volume of less than 20 mm (8,9). In contrast,
non-lacunar strokes are dominated by macrovascular
atherosclerosis, leading to extensive territorial infarcts
(6,10). Dyslipidemia is a well-established risk factor
for both ischemic stroke (IS) and associated cogni-
tive impairment, primarily through the acceleration
of intracranial and extracranial atherosclerotic pro-
cesses (11,12). However, traditional lipid parameters
often exhibit limited predictive value regarding stroke
outcomes (13). Recent studies indicate that the Ath-
erogenic Index of Plasma (AIP)—calculated as the log-
arithm of the triglyceride-to-high-density lipoprotein
cholesterol ratio [log(TG/HDL-C)]—has emerged
as a superior and more comprehensive biomarker
for assessing cardiometabolic burden and systemic

atherosclerosis (14-16). A high atherogenic burden
and subclinical atherosclerosis can trigger chronic
cerebral hypoperfusion, endothelial dysfunction, and
white matter injury, which ultimately contribute to
brain network dysfunction (17-19). Nevertheless,
there remains very limited empirical evidence map-
ping the specific relationship between elevated AIP
levels, stroke subtypes (lacunar vs. non-lacunar), and
cognitive outcomes in the acute phase of IS.

Therefore, this study aims to evaluate the impact
of the AIP and IS classification—specifically the dif-
ferences between lacunar and non-lacunar subtypes—
on cognitive function in patients with acute ischemic
stroke (AIS). By elucidating these metabolic and topo-
graphic determinants, this study seeks to identify early
predictors of PSCI, thereby facilitating more targeted
neurobehavioral management and secondary preven-
tion strategies in acute—phase stroke care.

Materials and Methods

Study design and setting

This study was an analytic observational study us-
ing a cross-sectional design conducted at Dr. Wahidin
Sudirohusodo General Hospital, Makassar, Indonesia,
a tertiary referral center for neurological disorders.
The study was carried out between July and December
2025 and included patients diagnosed with AIS. Clin-
ical and laboratory data were obtained from medical
records; while neuroimaging findings were reviewed
through the hospital Picture Archiving and Commu-

nication System (PACS) to ensure diagnostic accuracy.
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The primary objective was to evaluate the relation-
ship between the atherogenic index of plasma (AIP),
ischemic stroke subtypes (lacunar and non-lacunar),
and cognitive function assessed during the acute phase
of stroke. Ethical approval was obtained from the
Health Research Ethics Committee of Dr. Wahidin
Sudirohusodo General Hospital, Makassar (Approval
No. 32/UN4.6.4.5.31/PP36/2025). As this study used
anonymized clinical data, patient confidentiality was
strictly maintained throughout the research process.

Sample criteria

Participants were recruited consecutively from pa-
tients admitted with AIS. Eligible subjects were adults
aged 240 years with a first-ever IS confirmed clinically
and radiologically, with onset between >24 hours and
<7 days. Only patients with preserved consciousness
Glasgow Coma Scale (GCS) score of 15 and the ability
to communicate in Indonesian were included to allow
reliable cognitive assessment. Patients were excluded if
they had a history of transient ischemic attack (TTA),
recurrent stroke, aphasia that interfered with cognitive
testing, pre-existing dementia, psychiatric disorders, or
systemic conditions known to affect cognition or lipid
metabolism. In addition, patients who had received
lipid-lowering therapy or cognitive-enhancing medi-
cations prior to admission were excluded to minimize
confounding effects. Cases with incomplete clinical,
laboratory, or cognitive assessment data were also ex-
cluded from the analysis.

Research procedure

Eligible patients were identified through hospital
admission records and confirmed by clinical evaluation
and neuroimaging findings. Baseline demographic
data, including age and sex, as well as vascular risk
factors and comorbidities, were recorded. Cognitive
function was assessed during hospitalization using the
Montreal Cognitive Assessment Indonesian version
(MoCA-Ina), a validated screening tool for detect-
ing mild cognitive impairment and vascular cognitive
deficits (20). The total MoCA-Ina score was used to
represent global cognitive performance, while indi-
vidual domain scores were also documented for further

analysis. Laboratory data, including triglyceride and
high-density lipoprotein cholesterol (HDL-C) levels,
were obtained from fasting blood samples collected at
admission using standardized automated laboratory
methods. The AIP was calculated using the formula
logy, (triglyceride/HDL-C), which reflects the balance
between atherogenic and protective lipoproteins and
has been associated with vascular outcomes in IS (21).
All collected data were coded and entered into a secure
database prior to statistical analysis to ensure data in-
tegrity and confidentiality.

Stroke subtype classification

IS was classified into lacunar and non-lacunar
subtypes based on clinical presentation and neuroim-
aging findings in accordance with established stroke
classification principles (22). Lacunar stroke was de-
fined as a small subcortical infarction consistent with
small vessel occlusion, whereas non-lacunar stroke
included infarctions related to large artery atheroscle-
rosis or other non-small vessel mechanisms. Neuro-
imaging assessment was performed using CT or MRI
as available, with lesion location and vascular territory
taken into consideration are shown in figure 1.

(A, B) Brain CT (A) and MRI (B) show a large
infarct area measuring >1.5 cm, involving both cortical
and subcortical regions, consistent with a non-lacunar
infarct subtype; (C, D) Brain CT (C) and diffusion-
weighted MRI (DWI) (D) demonstrate small infarcts
measuring <1.5 cm. The CT image (C) shows a lesion
in the left thalamus, while the DWI image (D) reveals
a lesion in the left periventricular region. These find-
ings are consistent with the lacunar infarct subtype.

All statistical analyses were performed using
SPSS version 26.0 (IBM Corp., Armonk, NY, USA).
Data distribution was assessed using the Kolmogorov—
Smirnov test. Continuous variables were presented as
mean * standard deviation for normally distributed
data and median (range) for non-normally distrib-
uted data, while categorical variables were expressed
as frequencies and percentages. Because several vari-
ables, including MoCA-Ina scores and AIP values,
were not normally distributed, non-parametric tests
were primarily applied. The association between AIP
and cognitive function was analysed using Spearman’s
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Figure 1. Brain CT and MRI findings demonstrating lacunar and non-lacunar infarct subtypes.

rank correlation. Differences in cognitive scores be-
tween stroke subtypes were assessed using the Mann—
Whitney test. The independent t-test was used for
comparisons of normally distributed variables where
appropriate. A two-tailed p-value <0.05 was consid-
ered statistically significant.

Results

Baseline characteristics of the study population

This study included 131 patients with AIS who
fulfilled all inclusion criteria. The baseline demographic

and clinical characteristics of the study population are
presented in Table 1. The majority of patients were
male (57.3%), with a mean age of 59.5 + 9.82 years.
Regarding vascular risk factors, hypertension com-
bined with dyslipidemia was the most common co-
morbidity (48.1%), followed by diabetes mellitus with
hypertension (9.2%) and diabetes mellitus with dyslip-
idemia (7.6%). In terms of stroke characteristics, lacu-
nar stroke was more frequent than non-lacunar stroke
(63.4% vs. 36.6%). Lesions were predominantly lo-
cated in the anterior circulation (85.0%), while poste-
rior circulation involvement was observed in 15.0% of
cases. Cognitive assessment using MoCA-Ina showed
that 97 patients (74.0%) had cognitive impairment,
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Table 1. Baseline demographic, clinical, and laboratory charac-
teristics of patients with acute ischemic stroke (n = 131)

n (%) or mean
+ SD / Median
Variable (Range)
Age (years), Mean + SD 59.5+9.82
Sex
Male 75 (57.3)
Female 56 (42.7)
Major comorbidities
Hypertension & dyslipidemia 63 (48.1)
Diabetes mellitus & hypertension 12 (9.2)
Diabetes mellitus & dyslipidemia 10 (7.6)
Stroke subtype
Lacunar 83 (63.4)
Non-lacunar 48 (36.6)
Lesion location
Anterior circulation 111 (85.0)
Posterior circulation 20 (15.0)
Cognitive status (MoCA-Ina)
Cognitive impairment 97 (74.0)
Normal 34 (26.0)
MoCA-Ina score, Median (Range) 23.00 (0-30)
Lipid profile & atherogenic index
Triglyceride (mg/dL), Median 132 (59-631)
(Range)
HDL (mg/dL), Median (Range) 39.2 (10-110)
LDL (mg/dL), Mean + SD 144 + 53.75
Total cholesterol (mg/dL), 209 + 52.5
Mean = SD
ATP (high risk), n (%) 85 (65.0)

Data are presented as mean * standard deviation (SD) for normally
distributed variables and median (range) for non-normally distributed
variables. Categorical variables are presented as frequencies and per-
centages. Abbreviations: MoCA-Ina = Montreal Cognitive Assessment
Indonesian version. AIP (atherogenic index of plasma) was calculated
as logl, (triglyceride/HDL-C).

while 34 patients (26.0%) had normal cognitive func-
tion. The median MoCA-Ina score was 23.00 (range
0-30). From a metabolic perspective, the median tri-
glyceride level was 132 mg/dL (range 59-631), and the
median HDL level was 39.2 mg/dL (range 10-110).
The mean LDL and total cholesterol levels were 144
+ 53.75 mg/dL and 209 * 52.5 mg/dL, respectively.

Based on the AIP, 65.0% of patients were classified as
having high atherogenic risk is shown in Table 1 (23).

Distribution of cognitive domains

The distribution of MoCA-Ina scores across cog-
nitive domains is summarized in Table 2. Performance
was relatively preserved in the naming, language, and
orientation domains. In the naming domain, 70.2%
of patients achieved the maximum score, while in the
language domain, 55.0% reached the highest score.
Similarly, in the orientation domain, the majority of
patients (60.3%) obtained full scores, indicating rela-
tively intact performance in these domains. In con-
trast, impairment was more apparent in the executive
function and delayed recall domains. In the executive
domain, scores were widely distributed, with a sub-
stantial proportion of patients falling within the lower
score range (0-3), reflecting varying degrees of execu-
tive dysfunction. A similar pattern was observed in the
delayed recall domain, where scores were distributed
across lower and intermediate ranges, indicating re-
duced memory performance in a considerable number
of patients. These findings suggest that executive func-
tion and memory are among the most affected cogni-
tive domains in the acute phase of IS, consistent with
disruption of fronto-subcortical networks (24).

Correlation between Atherogenic Index
of Plasma (AIP) and cognitive function

Spearman correlation analysis demonstrated a
significant negative association between AIP and total
MoCA-Ina score (r = -0.342; p = 0.001) is shown in
Table 3. This indicates that higher atherogenic burden
is associated with poorer global cognitive performance.
Further domain-specific analysis showed that this re-
lationship was consistent across all cognitive domains.
The strongest correlations were observed in language
(r = -0.317; p = 0.001), attention (r = -0.313; p =
0.001), and executive function (r = -0.308; p = 0.001).
Other domains, including abstraction (r = -0.261;
2 =0.003), naming (r = -0.224; p = 0.010), orientation
(r=-0.187; p = 0.033), and delayed recall (r = -0.179;
2 = 0.040), also showed significant but weaker corre-
lations. The coeflicient of determination (R2 = 0.098)
suggests that AIP explains approximately 9.8% of the
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Table 2. Distribution of MoCA-Ina scores across cognitive domains (n = 131)

N (%)
Domains 0 1 2 3 4 5 6
Executive (0-5) 12 (9.2) 14 (10.7) 29 (22.1) 26 (19.8) 14 (10.7) 36 (27.5) -
Naming (0-3) 5(3.8) 18 (13.7) 16 (12.2) 92 (70.2) - - -
Attention (0-6) 9(6.9) 14 (10.7) 20 (15.3) 13 (9.9) 14 (10.7) 19 (14.5) 42 (32.1)
Language (0-3) 6 (4.6) 23 (17.6) 30 (22.9) 72 (55.0) - - -
Abstraction (0-2) 21 (16.0) 28 (21.4) 82 (62.6) - - - -
Delayed Recall (0-5) 18 (13.7) 13 (9.9) 27 (20.6) 28 (21.4) 32 (24.4) 13 (10.0) -
Orientation (0-6) 5(3.8) 2 (1.5) 0(0.0) 6 (4.6) 11 (8.4) 28 (21.4) 79 (60.3)

Data are presented as frequency (percentage). Maximum scores for each domain are shown in parentheses. Abbreviations: MoCA-Ina = Montreal

Cognitive Assessment Indonesian version.

Table 3. Correlation between AIP and cognitive function (MoCA-Ina)

Variable r 95% CI p-value Strength
Total MoCA-Ina -0.342 -0.481 to -0.184 0.001** Moderate
Executive function -0.308 -0.450 to -0.147 0.001** Weak
Attention -0.313 -0.454 to -0.153 0.001** Weak
Language -0.317 -0.458 to -0.157 0.001** Weak
Abstraction -0.261 -0.408 to -0.095 0.003** Weak
Naming -0.224 -0.374 to -0.054 0.010* Weak
Orientation -0.187 -0.342 to -0.017 0.033* Very weak
Delayed recall -0.179 -0.335 to -0.008 0.040* Very weak

Spearman rank correlation test. *p < 0.05, ™ p < 0.01 indicates statistical significance. 95% confidence intervals (CI) were calculated using Fisher’s

z-transformation. Strength of correlation was interpreted as: 0.00-0.19 = very weak; 0.20-0.39 = weak; 0.40~0.59 = moderate.

Table 4. Comparison of cognitive function (MoCA-Ina) between stroke subtypes

Variable

Non-lacunar (n = 48)

Lacunar (n = 83)

Total (n = 131)

p-value

MoCA-Ina score, Mean (SD)

19.02 (7.58)

21.90 (6.03)

20.86 (6.74)

0.028*

Data are presented as mean (standard deviation). Comparison between groups was performed using the Mann—Whitney test. p < 0.05 indicates

statistical significance.

variability in cognitive scores, indicating that cognitive
impairment in stroke is influenced by multiple factors
beyond lipid-related mechanisms.

Correlation of stroke subtype and cognitive
function

Cognitive outcomes differed significantly between
stroke subtypes are shown in Table 4 and boxplot
Figure 2. Patients with non-lacunar stroke exhibited
lower cognitive scores compared with lacunar stroke

patients (mean MoCA-Ina 19.02 + 7.58 vs. 21.90; p =
0.028). This finding suggests that larger vessel involve-
ment and more extensive infarction patterns may con-
tribute to greater disruption of cognitive networks (25).

Correlation of atherogenic index of plasma
and stroke subtype

Despite the difference in cognitive outcomes, no
significant difference in AIP values was observed be-
tween lacunar and non-lacunar stroke groups (mean
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Figure 2. Boxplot of MoCA-Ina scores according to stroke subtype (“p < 0.05).

Table 5. Comparison of Atherogenic Index of Plasma (AIP) between stroke subtypes

Variable Non-lacunar (n = 48)

Lacunar (n = 83)

Total (n = 131) p-value

AIP, Mean (SD) 0.285 (0.19)

0.285 (0.24)

0.285 (0.22) 0.991

Data are presented as mean (standard deviation). Comparison between groups was performed using the independent t-test. A p-value < 0.05 was

considered statistically significant.

AIP 0.285 in both groups; p = 0.991) are shown in
Table 5 and boxplot Figure 3. This indicates that ath-
erogenic burden is similarly distributed across different
IS mechanisms, supporting the concept that systemic
vascular risk factors contribute to both large- and
small-vessel disease (26).

Correlation between AIP and cognitive
function across stroke subtypes

Subgroup analysis demonstrated that the nega-
tive relationship between AIP and cognitive function
remained consistent across both stroke subtypes are
shown in table 6 and figure 4. In the lacunar group,
AIP was significantly correlated with MoCA-Ina
score (r = -0.350; p = 0.001). Similarly, in the non-
lacunar group, a significant negative correlation was
also observed (r = -0.338; p = 0.019).

To further assess whether this association dif-
fered between stroke subtypes, an interaction analysis
was performed. The interaction term between AIP
and stroke subtype was not statistically significant
(p for interaction > 0.05), indicating that the strength
of the association between AIP and cognitive function
did not differ meaningfully between lacunar and non-
lacunar groups. Taken together, these findings suggest
that higher AIP is associated with poorer cognitive per-
formance regardless of stroke subtype, supporting the
notion of a shared, systemic vascular mechanism un-
derlying cognitive dysfunction in acute ischemic stroke.

Discussion

The present study shows that the Athero-
genic Index of Plasma (AIP) is associated with
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Figure 3. Boxplot of Atherogenic Index of Plasma (AIP) according to stroke

subtype (N.S.= Not Significant).

Table 6. Correlation between Atherogenic Index of Plasma (AIP) and cognitive function (MoCA-Ina) across stroke subtypes

Subgroup r 95% CI p-value Strength
Lacunar -0.350 -0.517 to -0.158 0.001** Moderate
Non-lacunar -0.338 -0.571 to -0.047 0.019* Weak—moderate

Spearman rank correlation test. *p < 0.05, ™ p < 0.01 indicates statistical significance. 95% confidence intervals (CI) were calculated using Fisher’s
z-transformation. Strength of correlation was interpreted as: 0.20-0.39 = weak; 0.40-0.59 = moderate.

cognitive function in patients with acute ischaemic
stroke. Higher AIP was consistently linked to lower
global cognitive performance, with a more evident ef-
fect in attention, language, and executive domains. Al-
though cognitive impairment was more pronounced in
non-lacunar stroke, AIP levels were similar between
subtypes, and its association with cognition remained
consistent. From a biological standpoint, AIP reflects
atherogenic dyslipidaemia characterised by elevated
triglycerides and reduced HDL cholesterol. This
profile promotes endothelial dysfunction, oxidative
stress, and formation of small dense lipoproteins, all
of which may impair cerebral perfusion and disrupt
neural networks (27-30). Such mechanisms are well

aligned with vascular cognitive impairment, where
fronto-subcortical circuits are particularly vulnerable.
The domain-specific pattern observed in this study
further supports this mechanism. Deficits in execu-
tive and attentional functions are commonly linked to
subcortical and white matter injury, while language
impairment may reflect network disconnection rather
than focal cortical damage (31). Memory, in contrast,
appeared less affected, which is in keeping with typical
vascular cognitive profiles. An important observation
is that AIP did not differ between lacunar and non-
lacunar stroke, yet remained associated with cognitive
impairment in both groups. This suggests that athero-
genic burden acts as a systemic factor influencing both
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Figure 4. Scatter plot showing the relationship between Atherogenic Index of
Plasma (AIP) and cognitive function (MoCA-Ina score) across stroke subtypes.
A consistent negative association is observed in both lacunar and non-lacunar
groups. The correlation remained significant in the lacunar subgroup (r = -0.350;

#=0.001) and in the non-lacunar subgroup (r = -0.338; p = 0.019).

large- and small-vessel disease (32,33). The absence of
interaction between AIP and stroke subtype further
indicates that its effect on cognition is not dependent
on stroke mechanism. Cognitive assessment was per-
formed in the acute phase, where performance may be
influenced by transient factors such as hypoperfusion,
inflammation, and fatigue. Therefore, the observed
association likely reflects a combination of acute and
chronic vascular influences rather than structural in-
jury alone (34). Taken together, this study provides
novel evidence that AIP is linked to early cognitive
impairment in acute stroke, independent of stroke
subtype. This supports the view that metabolic factors
contribute to cognitive vulnerability beyond conven-
tional neuroimaging classification.

Clinical implications

AIP may serve as a simple and accessible bio-
marker to identify patients at risk of early cognitive
impairment. Its consistent association across stroke

subtypes suggests that metabolic profiling should com-
plement neurological and imaging evaluation. Early
recognition of high-risk patients may allow more tar-
geted interventions, including lipid control and closer
cognitive monitoring.

Limitations

This study has several limitations. The cross-
sectional design does not allow causal inference. The
single-centre setting may limit generalisability. Cogni-
tive assessment was limited to the acute phase and may
not reflect long-term outcomes. AIP was measured at
a single time point, and unmeasured factors such as
infarct volume, lesion location, and cognitive reserve
may have influenced the results.

Future studies with longitudinal design, repeated
metabolic assessment, and advanced neuroimaging are
needed to better define the temporal and mechanistic
relationship between atherogenic burden and cogni-
tive outcomes.
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Conclusions

Higher AIP is associated with poorer cognitive
function in the acute phase of ischaemic stroke. This
relationship is consistent across lacunar and non-
lacunar subtypes, suggesting that atherogenic dys-
lipidaemia acts as a systemic contributor to cognitive
impairment rather than a subtype-specific factor. AIP
may therefore serve as a practical biomarker for early
identification of patients at risk of post-stroke cogni-
tive decline.
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