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Abstract
Admission stroke severity, commonly quantified using the National Institutes of 
Health Stroke Scale (NIHSS), strongly influences early complications and long-term 
outcomes. However, evidence from routine clinical practice regarding whether a 
cumulative burden of vascular risk factors relates to initial severity remains limited. 
To address this, a cross-sectional analysis of consecutive stroke admissions recorded 
in a tertiary-care stroke registry between January 2020 and December 2024 was 
conducted. Exposure was defined as the cumulative count of eight prespecified 
vascular risk factors—hypertension, diabetes mellitus, dyslipidemia, current smoking, 
coronary artery disease, heart failure, atrial fibrillation, and prior transient ischemic 
attack—while the outcome was admission NIHSS score. Among the 1988 screened 
records, 1676 unique adult index admissions were analyzed. The cumulative risk-
factor count demonstrated a weak but statistically significant positive correlation 
with overall admission NIHSS scores and within both ischemic and hemorrhagic 
subtypes. In adjusted multivariable analyses, hypertension, diabetes mellitus, heart 
failure, and smoking were independently associated with higher NIHSS scores, 
whereas dyslipidemia and coronary artery disease showed inverse associations. 
These findings indicate that a greater cumulative vascular risk-factor burden is 
associated with worse admission stroke severity, reflecting a modest dose–response 
relationship that complements lesion-level determinants in early stroke assessment; 
thus, aggressive management of these risk factors is crucial not only for prevention 
but also potentially for mitigating initial stroke severity.

Keywords: Stroke; National Institutes of Health Stroke Scale; Vascular risk factors; Registry; 
Cross-sectional study; Tertiary center

1. Introduction
Stroke has been recognized as a leading cause of death and disability worldwide, imposing 
substantial clinical and economic burdens on patients, caregivers, and health systems.1-3 
Under current clinical definitions, stroke is defined as an acute focal neurological deficit 
of vascular origin and includes ischemic and hemorrhagic subtypes. The initial severity 
of neurological deficits at presentation has been consistently linked to short-term 
complications, length of stay, and long-term functional outcomes, underscoring the need 
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to understand determinants of severity at admission.2-4 
Accordingly, the quantification of stroke severity has been 
prioritized in both research and practice.

The National Institutes of Health Stroke Scale (NIHSS) 
has been widely adopted to quantify neurological 
impairment and has been validated as a prognostic indicator 
for mortality, disability, and post-stroke complications.4,5 
Higher NIHSS scores at admission have been associated 
with poorer functional recovery and increased resource 
utilization, making this measure an appropriate anchor for 
severity assessments in hospital-based studies. A range of 
vascular risk factors has been implicated in the pathogenesis 
and outcomes of stroke. More severe presentations have 
been reported among patients with atrial fibrillation, long-
standing hypertension, and diabetes mellitus; adverse 
associations have also been described for active smoking, 
dyslipidemia, coronary artery disease, and heart failure.6-9 
Prior transient ischemic attack has additionally been 
linked to cerebrovascular events and may influence clinical 
severity at onset.6-10 While these factors are frequently 
examined individually, their combined influence at the 
time of presentation has remained less clearly delineated.

An accumulating body of work has suggested that 
the cumulative burden of coexisting vascular risk factors 
may be associated with greater stroke severity through 
additive or synergistic mechanisms.11,12 From a clinical 
perspective, such a burden-based construct is attractive 
because it can be quickly estimated at admission and may 
inform triage, monitoring intensity, and early secondary 
prevention strategies.10,11 Nevertheless, evidence regarding 
the magnitude and pattern of these associations has varied 
across settings and populations.

In Indonesia, stroke has been documented as a major 
public health problem with a high prevalence and substantial 
disability-adjusted life years lost.12,13 However, evidence 
from Indonesian hospital registries quantifying the dose–
response association between the cumulative number of 
vascular risk factors and admission NIHSS scores remains 
limited. In particular, locally derived estimates that assess 
both ischemic and hemorrhagic subtypes and account 
for potential effect modification across key demographic 
strata have been scarce, leaving uncertainty regarding the 
magnitude and clinical interpretability of a simple risk-
factor burden measure at presentation.12,13

Against this background, a cross-sectional, registry-
based analysis was conducted to evaluate whether a 
simple count of eight routinely documented vascular risk 
factors is associated with admission stroke severity as 
measured by the NIHSS among patients recorded in the 
Dr.  Kariadi Central General Hospital, Semarang, stroke 

registry between 2020 and 2024. The primary objective is 
to quantify the association between vascular risk-factor 
burden (count) and NIHSS at presentation in the overall 
cohort and stratified by stroke subtype (ischemic vs. 
hemorrhagic).

Secondary objectives are to examine the independent 
associations of each prespecified risk factor—including 
atrial fibrillation, hypertension, diabetes mellitus, current 
smoking, dyslipidemia, coronary artery disease, prior 
transient ischemic attack, and heart failure—with NIHSS 
in multivariable models, and to explore potential effect 
modification by age and sex. Given that prior evidence has 
been inconsistent across populations, this study adds data 
from an Indonesian tertiary referral setting, where locally 
derived, registry-based estimates of admission NIHSS 
scores in relation to cumulative vascular risk are limited. 
The risk-factor count was conceptualized as a rapid, 
calculation-free metric intended to complement clinical 
assessment at admission rather than as a standalone 
predictor of stroke severity, particularly in light of the 
expected modest magnitude of association.

2. Methods
2.1. Study design and setting

A cross-sectional analysis was performed using consecutive 
admissions recorded in the Dr.  Kariadi Central General 
Hospital, Semarang, stroke registry between January 01, 
2020, and December 31, 2024. Reporting followed the 
Strengthening the Reporting of Observational Studies in 
Epidemiology recommendations for observational studies.

2.2. Data sources

Data were obtained from a prospectively maintained 
hospital-based stroke registry that routinely captures 
demographics, vascular risk factors, comorbidities, stroke 
subtype, and neurological assessments at presentation, 
including the NIHSS. Variables used for the present analysis 
were extracted from the registry and, when applicable, 
cross-checked against the electronic medical record.

2.3. Eligibility criteria

Eligible encounters were admissions of adults aged 
≥19 years with a final diagnosis of ischemic or hemorrhagic 
stroke during the study period and a documented 
admission NIHSS score. Pediatric patients (age ≤18 years) 
were excluded a priori due to differing vascular risk profiles. 
Repeat admissions for the same patient were identified, 
and only the first (index) admission was retained. Records 
without admission NIHSS scores were excluded.
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2.4. Exposure, covariates, and operational 
definitions

Eight prespecified vascular risk factors were analyzed 
as binary variables: Hypertension, diabetes mellitus, 
dyslipidemia, current smoking, coronary artery disease, 
heart failure, atrial fibrillation, and prior transient ischemic 
attack. Definitions followed registry standards based on 
clinician documentation in the medical record and/or 
active therapy at admission:
i.	 Hypertension was defined by a documented 

diagnosis and/or current use of antihypertensive 
medication

ii.	 Diabetes mellitus was defined by a documented 
diagnosis and/or current use of glucose-lowering 
therapy (insulin and/or oral agents)

iii.	 Dyslipidemia was defined by a documented diagnosis 
and/or current use of lipid-lowering therapy

iv.	 Current smoking was defined as documented 
current tobacco use at presentation

v.	 Coronary artery disease was defined by a 
documented history of coronary artery disease (e.g., 
prior myocardial infarction, angina, or coronary 
revascularization)

vi.	 Heart failure was defined by a documented clinical 
diagnosis of heart failure

vii.	 Atrial fibrillation was defined by a documented 
history and/or electrocardiographic evidence of 
atrial fibrillation

viii.	 Prior transient ischemic attack was defined by a 
documented history of transient ischemic attack.

A cumulative risk-factor count (0–8) was calculated 
by summing the present factors for each patient. Other 
relevant vascular risk factors (e.g., alcohol consumption, 
obesity/body mass index, obstructive sleep apnea, prior 
stroke, socioeconomic status, and medication adherence) 
were not systematically captured in the registry during 
the study period and therefore were not included in the 
present analysis.

2.5. NIHSS assessment

Admission to NIHSS was recorded at the first neurological 
assessment upon hospital arrival as part of routine stroke care. 
NIHSS scores were obtained by trained neurology residents 
using a standardized institutional assessment protocol 
and subsequently cross-checked by attending neurologists 
during ward rounds/visits to ensure consistency.

2.6. Data management, quality control, and missing 
data

Data were de-duplicated, and coding was harmonized with 
the prespecified analysis plan before statistical analysis. 

Internal consistency checks were performed, including 
range checks and cross-field validation (e.g., plausibility 
of age and stroke subtype coding). When multiple NIHSS 
entries were available for the same encounter, the earliest 
admission score was used. The registry data entry system 
employs mandatory fields for key variables, including 
admission NIHSS scores and the prespecified vascular risk 
factors, which minimizes missingness for the variables 
used in this study. After applying the eligibility criteria, all 
variables included in the present analyses were complete; 
therefore, analyses were performed using a complete-case 
approach.

2.7. Statistical analysis

Baseline characteristics were summarized using counts 
(percentages) for categorical variables and means 
(standard deviations) or medians (interquartile ranges) 
for continuous variables, as appropriate. The association 
between vascular risk-factor count and admission NIHSS 
scores was assessed using Spearman’s rank correlation 
in the overall cohort and stratified by stroke subtype 
(ischemic vs. hemorrhagic).

Independent associations of individual risk factors with 
NIHSS scores were estimated using multivariable linear 
regression (ordinary least squares) with admission NIHSS 
score as the dependent variable and the eight prespecified 
risk factors entered simultaneously as predictors; models 
were fitted in the overall cohort and separately within 
ischemic and hemorrhagic stroke subgroups. Additional 
analyses were conducted stratified by sex and age group 
(19–40, 41–60, and >60 years). Effect modification by sex 
was evaluated by including centered risk-factor count, 
sex, and their interaction term (risk-factor count × sex) 
in linear regression models, and effect modification by age 
group was assessed using a general linear model including 
age group, centered risk-factor count, and their interaction 
(age group × risk-factor count). Results are reported as 
unstandardized coefficients (B) with 95% confidence 
intervals (CI) and two-sided p-values; α = 0.05 was used 
to define statistical significance. Graphical summaries 
included a scatter plot and box plot of NIHSS across 
risk-factor count categories (with counts ≥6 pooled for 
visualization) and a forest plot of adjusted regression 
coefficients with 95% CIs. Analyses were performed using 
the Statistical Package for the Social Sciences Statistics 
(version 31.0, IBM, United States).14,15

2.8. Ethical considerations

The study was approved by the Institutional Ethics 
Committee of Dr.  Kariadi Central General Hospital, 
Semarang (Approval No.  16574/EC/KEPK-RSDK/2025). 
Given the use of de-identified registry data, individual 
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informed consent was waived in accordance with 
institutional policy and local regulations.

3. Results
3.1. Study population

A total of 1988 registry entries recorded between January 
1, 2020, and December 31, 2024, were screened (annual 
accruals: 180 in 2020; 400 in 2021; 508 in 2022; 400 
in 2023; 500 in 2024). After removal of 268 duplicate 
admissions (clerical duplicates and repeat encounters) and 
25 entries without admission NIHSS scores, 1695 unique 
index admissions were identified. An additional 19 entries 
were excluded because the patients were aged ≤18 years, 
resulting in 1676 adult index admissions included in the 
analytic cohort (Figure  1). No additional exclusions for 
miscoded non-stroke conditions were applied.

3.2. Baseline characteristics

3.2.1. Overall cohort (n = 1,676)

Admissions were concentrated in 2023 and 2024  (462 
[27.6%] and 461 [27.5%], respectively; 55.1% combined). 
Males comprised 943  (56.3%) and females 733  (43.7%). 
By age category, 19–40  years accounted for 140  (8.4%), 
41–60 years for 721 (43.0%), and >60 years for 815 (48.6%). 
The baseline characteristics of the study population are 
summarized in Table  1. The most frequent vascular risk 
factors were dyslipidemia (1214 [71.6%]), hypertension 
(1095 [65.3%]), and diabetes mellitus (648 [38.7%]); 
additional comorbidities included current smoking (422 
[25.2%]), heart failure (266 [15.9%]), coronary artery 

disease (164 [9.8%]), atrial fibrillation (89 [5.3%]), and 
prior transient ischemic attack (110 [6.6%]). Admission 
NIHSS categories were <5 in 416 (24.8%) patients, 5–14 in 
844 (50.4%), 15–25 in 260 (15.5%), 25–34 in 101 (6.0%), 
and ≥35 in 55 (3.3%).

3.2.2. Ischemic stroke (n = 1,142)

Most ischemic admissions occurred in 2023 and 2024 (346 
[30.3%] and 252 [22.1%], respectively; 52.4% combined). 
Males were 640  (56.0%) and females 502  (44.0%). Age 
categories were 96 (8.4%) for 19–40 years, 468 (41.0%) for 
41–60  years, and 578  (50.6%) for >60  years. Risk factors 
included dyslipidemia (850 [74.4%]), hypertension (707 
[61.9%]), diabetes mellitus (455 [39.8%]), current smoking 
(268 [23.5%]), heart failure (160 [14.0%]), coronary artery 
disease (136 [11.9%]), atrial fibrillation (76 [6.7%]), and 
prior transient ischemic attack (93 [8.1%]). NIHSS score 
on admission was <5 in 332  (29.1%) patients, 5–14 in 
601 (52.6%), 15–25 in 156 (13.7%), 25–34 in 44 (3.9%), and 
≥35 in 9 (0.8%).

3.2.3. Hemorrhagic stroke (n = 534)

Nearly two-fifths of hemorrhagic admissions occurred 
in 2024  (209 [39.1%]). Males were 303  (56.7%) and 
females 231  (43.3%). Age categories were 44  (8.2%) for 
19–40 years, 253 (47.4%) for 41–60 years, and 237 (44.4%) 
for >60  years. Risk factors included hypertension (388 
[72.7%]), dyslipidemia (358 [67.0%]), diabetes mellitus 
(193 [36.1%]), current smoking (154 [28.8%]), heart 
failure (106 [19.9%]), coronary artery disease (28 [5.2%]), 
atrial fibrillation (13 [2.4%]), and prior transient ischemic 
attack (17 [3.2%]). NIHSS categories were <5 in 84 (15.7%) 
patients, 5–14 in 243 (45.5%), 15–25 in 104 (19.5%), 25–34 
in 57 (10.7%), and ≥35 in 46 (8.6%).

3.3. Correlation between risk‑factor count and 
NIHSS scores

In the overall cohort, most patients had ≥2 vascular risk 
factors (1272 [75.9%]). The distribution of risk-factor 
counts stratified by stroke subtype is presented in Table 2. 
When broken down by exact counts, the distribution 
was 0 risk (85 [5.1%]), 1 risk (319 [19.0%]), 2 risks (522 
[31.1%]), 3 risks (458 [27.3%]), 4 risks (218 [13.0%]), 5 
risks (53 [3.2%]), 6 risks (19 [1.1%]), and 7 risks (2 [0.1%]), 
indicating that intermediate burdens (2–3 risk factors) 
were most common, whereas very high counts were rare. 
The distribution of admission NIHSS scores across risk-
factor categories is further visualized in Figure 2.

Because admission NIHSS scores were non-normally 
distributed, Spearman’s rank correlation was used to 
assess the monotonic association between risk-factor 
count and NIHSS score. In the overall cohort, the 

Screening registry 
entries registered 
during 2020–2024

(n = 1988)

Excluded (n = 293)
 • Duplicated removed 
  = 268
 • Missing admission 
  NIHSS = 25
 • Age ≤ 18 years = 19

Included in the study 
according to study 
criteria (N = 1,676)

(n = 1676)

AnalyzedAnalysis

Inclusion

Identification

Figure  1. Strengthening the reporting of observational studies 
in epidemiology flow diagram of study participant selection 
Abbreviation: NIHSS: National Institutes of Health Stroke Scale.
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Table 1. Baseline characteristics of the study population by stroke subtype

Variables Ischemic stroke Hemorrhagic stroke Overall sample

n Percentage n Percentage n Percentage

Year

2020 42 3.7 6 1.1 48 2.9
2021 231 20.2 105 19.7 336 20.0
2022 271 23.7 98 18.4 369 22.0
2023 346 30.3 116 21.7 462 27.6
2024 252 22.1 209 39.1 461 27.5

Sex
Male 640 56.0 303 56.7 943 56.3
Female 502 44.0 231 43.3 733 43.7

Age
19–40 96 8.4 44 8.2 140 8.4
41–60 468 41.0 253 47.4 721 43.0
>60 578 50.6 237 44.4 815 48.6

Hypertension
Yes 707 61.9 388 72.7 1095 65.3
No 435 38.1 146 27.3 581 34.7

Diabetes mellitus
Yes 455 39.8 193 36.1 648 38.7
No 687 60.2 341 63.9 1028 61.3

Dyslipidemia
Yes 850 74.4 358 67.0 1214 71.6
No 292 25.6 176 33.0 481 28.4

Current smoking
Yes 268 23.5 154 28.8 422 25.2
No 874 76.5 380 71.2 1254 74.8

Coronary artery disease
Yes 136 11.9 28 5.2 164 9.8
No 1,006 88.1 506 94.8 1512 90.2

Heart failure
Yes 160 14.0 106 19.9 266 15.9
No 982 86.0 428 80.1 1410 84.1

Atrial fibrillation
Yes 76 6.7 13 2.4 89 5.3
No 1,066 93.3 521 97.6 1587 94.7

Prior transient ischemic attack
Yes 93 8.1 17 3.2 110 6.6
No 1,049 91.9 517 96.8 1566 93.4

NIHSS scores
<5 332 29.1 84 15.7 416 24.8
5–14 601 52.6 243 45.5 844 50.4
15–25 156 13.7 104 19.5 260 15.5

25–34 44 3.9 57 10.7 101 6.0

0.35 0 0 0 0 0 0

Notes: Percentages are calculated within each stroke subtype and for the overall sample. Age categories are expressed in years. Stroke severity was 
classified using the National Institutes of Health Stroke Scale at admission.

https://dx.doi.org/10.36922/AN025470118
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correlation was statistically significant but weak (ρ = 0.135, 
p<0.001; n = 1,676), as illustrated in Figure  3. Similar 
weak positive correlations were observed within stroke 
subtypes: Ischemic stroke (ρ = 0.141, p<0.001; n = 1,142) 
and hemorrhagic stroke (ρ = 0.146, p=0.001; n = 534). 
Collectively, these findings indicate that cumulative 
vascular risk-factor burden tends to coincide with greater 
neurological deficit at presentation; however, the effect 
size is small. Accordingly, the risk-factor count is best 
interpreted as a complementary admission flag rather than 
a strong standalone predictor of stroke severity.

3.4. Multivariable linear regression: Individual risk 
factors versus NIHSS score

In the overall cohort (n = 1676), a prespecified multivariable 
linear regression model including hypertension, diabetes 
mellitus, dyslipidemia, current smoking, coronary artery 
disease, heart failure, atrial fibrillation, and prior transient 
ischemic attack explained a modest proportion of variance 
in admission NIHSS scores (R2 = 0.073; adjusted R2 = 0.069; 
F (8,1667) = 16.420; p<0.001). Multicollinearity was 
negligible (variance inflation factor [VIF] range = 1.005–
1.110). Detailed regression results for the overall cohort 
are shown in Table 3. Hypertension (B = 1.859; 95% CI = 
0.975–2.743; p<0.001), diabetes mellitus (B = 1.592; 95% 
CI  = 0.730–2.454; p<0.001), heart failure (B = 4.153; 95% 
CI = 2.991–5.315; p<0.001), and current smoking (B = 1.523; 
95% CI = 0.567–2.479; p=0.002) were independently 
associated with higher NIHSS scores, whereas coronary 
artery disease (B = −1.809; 95% CI = −3.273–−0.344; 
p=0.016) and dyslipidemia (B = −2.683; 95% CI = −3.615–

−1.751; p<0.001) were associated with lower NIHSS scores. 
Atrial fibrillation (B = 1.278; 95% CI = −0.662–3.218; 
p=0.197) and prior transient ischemic attack (B = −1.452; 
95% CI = −3.123–0.220; p=0.089) were not statistically 
significant. The adjusted associations for individual risk 
factors are displayed in Figure 4.

3.5. Subgroup analysis by stroke subtype

3.5.1. Ischemic stroke

The results of the subgroup analysis by stroke type are 
presented in Table 4. In the ischemic subgroup (n = 1,142), 
the same prespecified model showed modest fit (R2 = 0.041; 
adjusted R2 = 0.034; F (8,1133) = 6.049; p<0.001) with 
minimal multicollinearity (VIF up to 1.154). Diabetes 
mellitus (B = 1.356; 95% CI = 0.503–2.209; p=0.002), atrial 
fibrillation (B = 1.906; 95% CI = 0.148–3.665; p=0.034), 
heart failure (B = 2.257; 95% CI = 1.043–3.472; p<0.001), 

Table 2. Distribution of risk‑factor count by stroke type

Risk‑factor 
count

Ischemic stroke Hemorrhagic 
stroke

Overall sample

n Percentage n Percentage n Percentage

0 risk factors 62 5.4 23 4.3 85 5.1

1 risk factor 220 19.3 99 18.5 319 19.0

2 risk factors 333 29.2 189 35.4 522 31.1

3 risk factors 320 28.0 138 25.8 458 27.3

4 risk factors 151 13.2 67 12.5 218 13.0

5 risk factors 43 3.8 10 1.9 53 3.2

6 risk factors 11 1.0 8 1.5 19 1.1

7 risk factors 2 0.2 ‑ ‑ 2 0.1

8 risk factors ‑ ‑ ‑ ‑ ‑ ‑

Notes: Percentages are calculated within each stroke subtype and for 
the overall sample. Risk‑factor count represents the cumulative number 
of eight prespecified vascular risk factors recorded at admission, 
including hypertension, diabetes mellitus, dyslipidemia, current 
smoking, coronary artery disease, heart failure, atrial fibrillation, and 
prior transient ischemic attack. Hyphens (‑) indicate zero observations.

Figure  2. Box plot of admission National Institutes of Health Stroke 
Scale scores by vascular risk-factor count. Counts ≥6 were pooled for 
visualization because very high-risk-factor counts were uncommon. 
Notes: Boxes indicate medians and interquartile ranges; whiskers extend 
to the most extreme values within 1.5 × interquartile range; hollow circles 
represent outliers; *indicates extreme outliers.

Figure 3. Scatter plot of admission National Institutes of Health Stroke 
Scale scores by vascular risk-factor count with a fitted smoothing line, 
illustrating a weak positive trend between cumulative vascular risk-factor 
burden and stroke severity at presentation
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and current smoking (B = 1.624; 95% CI = 0.654–2.595; 
p=0.001) were associated with higher NIHSS scores, 
whereas hypertension, dyslipidemia, coronary artery 
disease, and prior transient ischemic attack were not 
significantly associated with NIHSS score.

3.5.2. Hemorrhagic stroke

In the hemorrhagic subgroup (n = 534), model 
performance was higher than in ischemic stroke (R2 = 0.118; 
adjusted R2 = 0.105; F (8,525) = 8.782; p<0.001), with 
low multicollinearity (VIF up to 1.079). Hypertension 
(B = 2.773; 95% CI = 0.784–4.762; p=0.006), diabetes 
mellitus (B = 2.675; 95% CI = 0.820–4.530; p=0.005), and 
heart failure (B = 5.545; 95% CI = 3.259–7.831; p<0.001) 
were associated with higher NIHSS scores, whereas 

dyslipidemia was associated with lower NIHSS scores 
(B = −5.029; 95% CI = −6.921–−3.138; p<0.001). Atrial 
fibrillation, coronary artery disease, current smoking, 
and prior transient ischemic attack were not significantly 
associated with NIHSS score. Complete results for the 
subgroup analyses by stroke subtype, including CIs and 
p-values for all risk factors, are detailed in Table A1.

3.6. Subgroup analysis by sex and age

When stratified by sex, the association between risk-factor 
count and admission NIHSS score remained weak in both 
men (ρ = 0.111, p=0.001; n = 943) and women (ρ = 0.161, 
p<0.001; n = 733). In an interaction model including 
centered risk-factor count, sex, and their product term, no 
evidence of effect modification by sex was observed (Risk-
factor count × sex: B  = 0.027; 95% CI = −0.684–0.738; 
p=0.941).

Across age groups, correlations were weakest in ages 
19–40 (ρ = 0.081, p=0.343; n = 140) and strongest in ages 
>60 (ρ = 0.157, p<0.001; n = 815). In a model incorporating 
age group, centered risk-factor count, and their 
interaction, the age group × risk-factor count interaction 
was statistically significant (F = 3.126; p=0.044), suggesting 
that the association between cumulative vascular risk and 
admission NIHSS score may vary by age group. However, 
the explained variance was small (R2 = 0.023).

4. Discussion
In this registry-based study from an Indonesian tertiary 
referral center, a simple count of eight routinely documented 
vascular risk factors showed a statistically significant but 
weak positive correlation with admission stroke severity 
(NIHSS score) in the overall cohort (ρ = 0.135). This small 
effect size indicates that cumulative vascular risk-factor 
burden may relate to initial neurological deficit. However, 
it explains only a limited portion of clinical variability 
at presentation, consistent with prior work suggesting 
that multimorbidity or risk-factor burden is not a strong 
standalone determinant of acute stroke severity.10,16-18 
Clinically, the risk-factor count may therefore serve as a 
complementary flag at admission rather than a substitute 
for established triage based on neurological examination, 
imaging findings, and acute stroke workflows.5,19

In multivariable models, several individual risk 
factors showed independent associations with higher 
NIHSS scores, including hypertension, diabetes mellitus, 
heart failure, and current smoking in the overall cohort. 
These findings are biologically plausible. Long-standing 
hypertension and diabetes can contribute to vascular 
remodeling, endothelial dysfunction, and impaired 
collateral circulation, all of which may predispose to 

Table 3. Multivariable linear regression (overall) of risk 
factors for admission NIHSS score

Risk factor B (unstandardized) 95% CI p‑value

Hypertension 1.86 0.98–2.74 <0.001*

Diabetes mellitus 1.59 0.73–2.45 <0.001*

Atrial fibrillation 1.28 −0.66–3.22 0.197

Coronary artery disease −1.81 −3.27–−0.34 0.016*

Heart failure 4.15 2.99–5.31 <0.001*

Current smoking 1.52 0.57–2.48 0.002*

Prior transient ischemic 
attack

−1.45 −3.12–0.22 0.089

Dyslipidemia −2.68 −3.62–−1.75 <0.001*

Notes: B represents the unstandardized regression coefficient. 95% 
confidence interval indicates the range within which the true B value is 
expected to fall with 95% confidence. *p<0.05.
Abbreviation: NIHSS: National Institutes of Health Stroke Scale.

Figure 4. Forest plot of adjusted beta coefficients (B) and 95% confidence 
intervals for admission NIHSS score. The plot shows the association 
between risk factors and stroke severity in overall, ischemic, and 
hemorrhagic stroke patients. Positive values indicate higher admission 
NIHSS scores. Models were mutually adjusted for all eight risk factors. 
Abbreviation: NIHSS: National Institutes of Health Stroke Scale.
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larger infarct volumes or more severe presentations.8,20-26 
Heart failure may exacerbate cerebral hypoperfusion and 
is frequently accompanied by systemic inflammation and 
cardio-cerebral interactions that worsen early neurological 
deficits.27,28 Smoking is associated with prothrombotic 
and inflammatory pathways and has been linked to worse 
outcomes in reperfusion-treated populations, although 
effect estimates vary across cohorts.29-31

When stratified by stroke subtype, the pattern of 
associations differed. The correlation between risk-factor 
count and NIHSS score remained weak in both ischemic 
(p=0.141) and hemorrhagic stroke (ρ = 0.146), with modest 
overall model fit. In ischemic stroke, diabetes mellitus, 
atrial fibrillation, heart failure, and smoking remained 
associated with higher NIHSS scores, aligning with 
evidence that cardioembolic mechanisms and impaired 
hemodynamics can increase initial deficit severity.32,33 In 
hemorrhagic stroke, hypertension, diabetes mellitus, and 
heart failure showed stronger associations with NIHSS 
scores, consistent with the central role of blood pressure 
and vascular integrity in intracerebral hemorrhage 
pathophysiology and early neurological deterioration.34,35

Counterintuitively, dyslipidemia and coronary artery 
disease were associated with lower admission NIHSS 
scores in the overall model, and dyslipidemia showed an 
inverse association in the hemorrhagic subgroup. This 
pattern has been reported in some prior studies and 
may reflect confounding by pre-stroke preventive care—
particularly statin exposure—or differences in baseline risk 
management among patients labeled as dyslipidemic.36-40 
Importantly, pre-stroke statin use was not systematically 
documented in the registry and could not be adjusted 
for; this limitation may contribute to the observed inverse 
association and should be considered a key source of 
residual confounding.36-40

Exploratory analyses assessed whether the association 
between risk-factor count and NIHSS score differed by 
sex and age. The sex interaction term was not statistically 
significant, suggesting no clear evidence of effect 
modification by sex in linear models. In contrast, an age-
group interaction was statistically significant, indicating 
that the relationship between risk-factor burden and 
admission NIHSS score may vary across age strata.16,41 
Given the modest explanatory power of the models and 
multiple-testing considerations, these findings should 
be interpreted as hypothesis-generating and warrant 
confirmation in external datasets.

Several limitations should be acknowledged. First, the 
cross-sectional design limits causal inference, and residual 
confounding is likely, including factors not captured 
systematically (e.g., onset-to-admission time, pre-stroke 
modified Rankin Scale, socioeconomic factors, medication 
adherence, and pre-stroke statin use).10,16 Second, this was 
a single-center tertiary referral registry, so generalizability 
to other hospitals or community settings may be limited. 
Third, the NIHSS score was analyzed primarily as a total 
score; individual NIHSS domains/items were not evaluated, 
which may obscure more granular associations between 
specific risk factors and distinct neurological deficits.5,19,42 
Finally, although risk-factor burden may help contextualize 
early severity, vascular risk factors are better established as 
predictors of stroke occurrence and initial presentation 
rather than deterministic predictors of functional recovery, 
which is influenced by acute management, complications, 
and rehabilitation.5,19 Future research could test whether 
combining simple admission flags (risk-factor count) with 
neurological signs can improve prognostic stratification 
across the recovery pathway, including rehabilitation 
outcomes.43

In summary, a higher count of routinely documented 
vascular risk factors was associated with higher admission 

Table 4. Subgroup analysis of multivariable linear regression for NIHSS score by stroke type

Risk factor Ischemic: B (95% CI) p Hemorrhagic: B (95% CI) p

Hypertension 0.722 (−0.143–1.586) 0.102 2.773 (0.784–4.762) 0.006*

Diabetes mellitus 1.356 (0.503–2.209) 0.002* 2.675 (0.820–4.530) 0.005*

Atrial fibrillation 1.906 (0.148–3.665) 0.034* 4.574 (−1.228–10.376) 0.122

Coronary artery disease −0.764 (−2.104–0.577) 0.264 −1.920 (−5.979–2.138) 0.353

Heart failure 2.257 (1.043–3.472) <0.001* 5.545 (3.259–7.831) <0.001*

Current smoking 1.624 (0.654–2.595) 0.001* 0.147 (−1.801–2.095) 0.882

Prior transient ischemic attack −0.708 (−2.207–0.791) 0.354 1.524 (−3.529–6.577) 0.554

Dyslipidemia −0.667 (−1.620–0.287) 0.170 −5.029 (−6.921–−3.138) <0.001*

Notes: B represents the unstandardized regression coefficient. 95% confidence interval indicates the range within which the true B value is expected to 
fall with 95% confidence. *p<0.05.
Abbreviation: NIHSS: National Institutes of Health Stroke Scale.
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NIHSS scores, but the association was weak, supporting the 
use of risk-factor burden as a complementary admission 
flag. Individual risk factors—particularly hypertension, 
diabetes mellitus, heart failure, and smoking—showed 
consistent associations with greater initial neurological 
deficit, while inverse associations for dyslipidemia and 
coronary artery disease potentially reflect unmeasured 
preventive treatment and residual confounding.36-40

5. Conclusion
This registry-based analysis provides empirical evidence 
that the cumulative burden of vascular comorbidities 
exerts a measurable influence on admission stroke severity. 
While the overall correlation is weak, the independent 
detrimental effects of hypertension, diabetes mellitus, heart 
failure, and smoking underscore the critical role of vascular 
fragility in determining the extent of initial neurological 
injury. Conversely, the observed inverse associations with 
dyslipidemia and coronary artery disease highlight the 
complexity of pre-stroke metabolic profiles and potential 
medication effects, warranting further investigation. 
Ultimately, our findings reinforce the concept that stroke 
severity is not solely a function of the acute lesion but is 
also modulated by the patient’s underlying vascular health. 
These insights emphasize the necessity of rigorous risk 
factor management as a strategy to essentially “downstage” 
potential future stroke events.
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Table A1. Subgroup regression analysis of vascular risk factors and admission NIHSS score by stroke subtype

Risk factor Ischemic Hemorrhagic

B 95% CI p B 95% CI p

Hypertension 0.72 −0.14–1.59 0.102 2.77 0.78–4.76 0.006*

Diabetes mellitus 1.36 0.50–2.21 0.002* 2.68 0.82–4.53 0.005*

Atrial fibrillation 1.91 0.15–3.67 0.034* 4.57 −1.23–10.38 0.122

Coronary artery disease −0.76 −2.10–0.58 0.264 −1.92 −5.98–2.14 0.353

Heart failure 2.26 1.04–3.47 <0.001* 5.55 3.26–7.83 <0.001*

Smoking 1.62 0.65–2.60 0.001* 0.15 −1.80–2.10 0.882

Transient ischemic attack −0.71 −2.21–0.79 0.354 1.52 −3.53–6.58 0.554

Dyslipidemia −0.67 −1.62–0.29 0.170 −5.03 −6.92–−3.14 <0.001*

Notes: Models were mutually adjusted for all eight prespecified vascular risk factors recorded at admission. B represents the change in National 
Institutes of Health Stroke Scale scores associated with the presence of the risk factor. *p<0.05.
Abbreviation: CI: Confidence interval.
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