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The neutrophil-to-albumin ratio (NPAR) is a relatively novel composite biomarker
of inflammation, which has been used for prognostication in cardiovascular
diseases and may also be associated with stroke. A cross-sectional analysis was
conducted using data from the National Health and Nutrition Examination Survey
(NHANES) 1999-2018, including 48,734 individuals with complete NPAR and stroke
data. The association between stroke prevalence and NPAR values was assessed
through multivariate regression analysis. The relationship between these variables
was further visualized using restricted cubic splines (RCS). Additionally, potential
factors influencing this relationship were explored through subgroup analysis.
The regression model revealed a significant association between NPAR and stroke
prevalence, even after adjusting for other covariates [1.06 (1.04, 1.08)]. Stroke
prevalence was 62% higher in the highest NPAR group compared to the lowest
[1.62 (140, 1.89)]. The RCS analysis further confirmed this positive correlation.
Subgroup analysis showed that this association was not significantly influenced
by other factors. This study establishes a strong association between NPAR and
stroke prevalence. However, further studies are needed to clarify the underlying
mechanisms and establish a direct causal link.

KEYWORDS
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1 Introduction

Cerebrovascular disorders, such as stroke, are characterized by the blockage of blood
vessels (1). SStroke is the third leading cause of mortality and disability globally and the second
leading cause of death worldwide. Between 1990 and 2019, stroke incidence increased by 70%,
and its global prevalence rose by 85% (2). This growing trend is largely attributable to the aging
population (3). Stroke remains a major public health challenge, as it is responsible for high
rates of morbidity, mortality, and disability. Moreover, the global annual economic burden of
stroke exceeds $89.1 billion, placing a significant strain on healthcare systems (4). Moreover,
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the global annual economic burden of stroke exceeds $89.1 billion,
placing a significant strain on healthcare systems (5). Identifying and
managing controllable and preventable risk factors is therefore crucial
in reducing stroke incidence. The development of novel biomarkers
facilitates early detection of stroke risk (6, 7), thereby helping to lower
stroke rates within the population.

The pathogenesis of stroke is closely linked to inflammation, with
acute ischemic stroke involving endothelial activation, blood-brain
barrier disruption, the release of inflammatory mediators, oxidants,
and cytokines, and infiltration by platelets and leukocytes (8, 9).
Inflammation is one of the first responses to cerebral injury following
a stroke, and it also plays a key role in tissue repair during the recovery
phase (10). Evaluating peripheral leukocytes, particularly neutrophils,
offers a cost-effective and accessible approach to assess inflammation
(11). Neutrophil activation in stroke-damaged brain tissue attracts
immune cells, which in turn produce a variety of substances that
exacerbate inflammation (12).

Albumin, a protein constituting over half of the serum’s protein
content, is an intermediate-sized protein with a molecular weight
ranging between 66 and 69 kDa (13). It performs essential roles in
osmoregulation, antioxidation, and anti-inflammatory processes (14).
NPAR, which combines both neutrophil percentage and albumin
levels, is an emerging biomarker used to assess immune and systemic
inflammatory conditions (15). Reduced albumin levels have been
strongly associated with poor outcomes in stroke patients (16).
Previous studies have shown that elevated neutrophil counts in the
early stages of stroke are associated with greater stroke severity (17).
NPAR is increasingly utilized in research on disease risk and
outcomes. For example, myocardial infarction patients with elevated
NPAR have been found to have higher hospital mortality (18). A prior
retrospective study indicated that NPAR is independently associated
with stroke recurrence within 3 months following the first acute
stroke, suggesting that NPAR might be a better predictor of acute
ischemic stroke recurrence than albumin levels or neutrophil
percentage alone (19). A recent investigation further revealed that
NPAR was associated with ICU hospitalization in ischemic stroke
patients (20). Collectively, these findings suggest a potential link
between NPAR and stroke. However, the existing data on this
relationship remain limited, highlighting the need for more
comprehensive research. This study aims to investigate the association
between NPAR and stroke within the National Health and Nutrition
Examination Survey (NHANES) cohort.

2 Materials and methods
2.1 Survey description

Data for this study were collected through the NHANES,
conducted across the United States. The survey employed a stratified
multistage random sampling design, which provided a robust
framework for assessing the health and nutritional status of the
U.S. population (21). Participants underwent a range of assessments,
including laboratory tests, home interviews, physical examinations,
and additional evaluations. Written informed consent was obtained
from all participants prior to their inclusion in the study (22).
NHANES, with its extensive database, serves as a comprehensive and
reliable tool for deriving population-level insights.
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2.2 Study population

Data from 10 cycles of NHANES, spanning from 1999 to 2018,
were analyzed in this study, providing broad population coverage and
a large sample size. After applying the inclusion and exclusion criteria,
48,734 individuals were enrolled (Figure 1). The exclusion criteria
were as follows: (1) individuals under 20 years of age, (2) those with
incomplete stroke data, and (3) participants missing NPAR data.

2.3 Assessment of NPAR

The Coulter VCS system was used to determine the white
blood cell (WBC) differential. NPAR was calculated using the
following formula: (Percentage of neutrophils among total white
blood cell count) x 100 + Albumin (g/dL) (23). The same blood
sample was used for both the WBC differential and albumin
measurement. NPAR values were used as the primary exposure
variable in this study.

2.4 Diagnosis of stroke

To assess stroke occurrence, a medical conditions questionnaire
was administered. Participants were classified as having experienced
a stroke if they answered “yes” to the question: “Has a doctor or other
health professional ever informed you that you had a stroke?” Previous
studies have demonstrated the reliability of self-reported stroke
data (24). In this study, stroke was considered the primary
outcome variable.

2.5 Data processing for covariates

Based on existing literature, several factors related to stroke and
NPAR were identified as covariates. These included age, gender,
ethnicity, educational level, poverty-to-income ratio (PIR), physical
activity (PA), body mass index (BMI), tobacco and alcohol
consumption, hypertension, and diabetes status. Upon examining the
NHANES dataset, we noted the presence of missing data for several
key variables. Multiple imputation (MI) was employed to handle the
missing data.

The rationale for selecting MI over alternative methods, such as
full case analysis or single imputation, is multifaceted. MI preserves
the inherent variability and structure of the dataset by generating
multiple plausible datasets, where missing values are estimated based
on observed data. This approach mitigates the bias inherent in single
imputation methods, which can underestimate variability and lead to
overly confident results. By incorporating uncertainty from the
missing data, MI produces more reliable and efficient estimates and
standard errors, offering more accurate statistical conclusions
compared to methods that fail to address this uncertainty adequately.
Furthermore, MI can improve model performance by accounting for
missing data-related uncertainty, thereby enhancing the accuracy and
precision of parameter estimates. This contributes to more dependable
findings and predictions. MI also helps stabilize estimates, reducing
potential bias caused by missing data, which in turn improves the
consistency and generalizability of the results.
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Participants from NHANES
1999-2018 (N=101316)

Excluded age <20 years

(N=46235)

Participants older than 20 years old
(N=55081)

Missing data on stroke (N=81)

Participants with stroke data
(N=55000)

Missing data on NPAR

(N=6266)

Participants finally included
(N=48734)

FIGURE 1

Flowchart of participant selection. This flowchart illustrates the process used to select participants for the study, from initial screening to final inclusion.
The figure shows the number of participants excluded at each stage and the final cohort included in the analysis.

2.6 Statistical analysis

All statistical analyses were conducted using R and EmpowerStats
software. Participants’ characteristics were compared across NPAR
quartiles using chi-square tests for categorical variables and t-tests for
continuous variables. Multivariate logistic regression was employed in
three separate models to explore the linear relationship between
NPAR and stroke. These models were as follows: Model 1: No
covariates were adjusted. Model 2: Adjustments were made for age,
gender, ethnicity, and education. Model 3: A broader set of covariates
was included, such as age, gender, ethnicity, education, alcohol
consumption, smoking, diabetes, hypertension, PA, and PIR. After
converting NPAR scores into quartiles, trend tests were performed to
evaluate the linear association between NPAR and stroke prevalence.
Subgroup analyses were then conducted to examine this relationship
further, using various stratifying factors. Additionally, RCS analysis
was performed to assess the potential for nonlinear relationships
between NPAR and stroke occurrence.

3 Results
3.1 Baseline characteristics of participants

The study included 48,734 participants with a mean age of
46.93 years (SD = 16.90). Of the participants, 48.24% were male and
51.76% were female. The overall stroke prevalence was 3.76%, with
rates increasing progressively across higher NPAR quartiles. The
baseline characteristics of the participants are summarized in Table 1,
which organizes the data by NPAR quartiles. The mean NPAR for the
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entire cohort was 13.93 + 2.86, with quartile cutoffs as follows:
Quartile 1: <12.11; Quartile 2: 12.11-13.76; Quartile 3: 13.76-15.48;
Quartile 4: >15.48. Participants in the higher NPAR quartiles were
more likely to be older, predominantly female, have lower educational
attainment, and have a higher prevalence of smoking. They also
exhibited a greater prevalence of diabetes, hypertension, and stroke
compared to the general population. Additionally, higher NPAR
values were associated with increased levels of BMI, waist
circumference (WC), body weight, triglycerides, LDL-C, and total
cholesterol (TC), while PIR and HDL-C levels were relatively lower.
This pattern suggests a possible link between unhealthy lifestyle
choices and elevated NPAR levels. Further analysis of stroke
prevalence across various demographics (Table 2). The findings
indicated that older age, female gender, obesity, low educational
attainment, poverty, smoking, hypertension, and diabetes were
associated with a greater prevalence of stroke. Stroke patients have
elevated levels of CRP, FPG, HbA1lc, TG, and NPAR.

3.2 Association between the NPAR and
stroke

The relationship between NPAR and stroke incidence is presented
in Table 3. In both the unadjusted model [OR 1.11 (1.09, 1.12)] and
the partially adjusted model [OR 1.08 (1.07, 1.10)], a significant
positive association was observed between NPAR and stroke. After
applying full adjustments, the association remained statistically
significant, with each unit increase in NPAR corresponding to a 6%
increase in stroke prevalence [OR 1.06 (1.04, 1.08)]. The correlation
remained robust even when NPAR was divided into quartiles, with
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TABLE 1 Baseline characteristics according to NPAR quartiles.

Characteristics Total Quartiles of NPAR

b=zl Q1 (<12.11) Q2(12.11- Q3(13.76-15.48) Q4 (>1548) p value

13.76) (2.54-3.43)

Age (years) 46.93 £ 16.90 ‘ 43.76 £16.30 ‘ 45.61 £16.13 ‘ 48.22 £ 16.58 ‘ 50.41 £ 17.94 <0.0001
Gender (%) <0.0001
Male 48.24 57.61 51.9 45.98 36.5
Female 51.76 42.39 48.1 54.02 63.5
Race (%) <0.0001
Mexican American 8.19 7.69 8.72 8.47 7.79
Other Hispanic 5.67 5.75 6.17 5.46 5.22
Non-Hispanic White 68.62 62.22 69.19 71.51 71.58
Non-Hispanic Black 10.65 16.4 8.83 8.13 9.41
Other 6.88 7.94 7.09 6.43 6
Education (%) <0.0001
Less than high
school 17.23 17.14 16.56 16.95 18.39
High school grade 23.97 224 23.88 2442 25.28
Some college or
above 58.8 60.46 59.57 58.63 56.33
PIR (%) <0.0001
Low 21.25 20.82 19.95 20.67 23.87
Moderate 36.03 35.47 3531 35.56 37.97
High 42.72 43.71 44.74 43.77 38.16
Drinking status (%) <0.0001
Never 19.06 17.55 17.88 18.91 22.34
Moderate 39.59 39.64 40.59 40.01 37.83
Heavy 41.36 42.81 41.53 41.08 39.83
Smoking Status (%) <0.0001
No 53.8 55.39 55.13 53.34 51.06
Yes 46.2 44.61 44.87 46.66 48.94
PA level (%) <0.0001
Low 26.35 22.78 23.25 27.36 32.62
Moderate 38.37 36.61 38.21 38.04 40.81
High 35.28 40.61 38.54 34.6 26.57
Hypertension (%) <0.0001
No 62.38 67.76 65.46 60.99 54.59
Yes 37.62 32.24 34.54 39.01 45.41
Diabetes (%) <0.0001
No 87.82 91.58 90.44 87.31 81.35
Yes 12.18 8.42 9.56 12.69 18.65
BMI (kg/m?) 28.76 £ 6.72 27.30 £ 5.58 28.12+5.99 29.07 £ 6.58 30.75 £ 8.15 <0.0001
CRP (mg/L) 0.41 £0.80 0.24 £ 0.41 0.29 £0.49 0.39 £ 0.64 0.78 £ 1.31 <0.0001
WAIST (cm) 98.33 £ 16.26 94.66 + 14.44 96.96 £ 15.18 99.35+16.21 102.87 = 18.18 <0.0001
FPG (mg/dL) 105.23 £ 31.11 101.15 +23.31 103.40 + 26.84 106.50 + 33.41 110.28 + 38.59 <0.0001
HbAlc (%) 5.57+0.91 5.48 +0.79 5.51+0.83 5.59+0.92 5.71 £ 1.09 <0.0001
HDL (mg/dL) 53.19 £ 16.26 53.76 £ 16.73 52.98 +16.07 52.77 £ 15.93 53.30 £ 16.29 <0.0001
LDL (mg/dL) 115.69 + 35.38 117.53 + 36.28 117.38 + 34.81 117.30 + 35.07 110.15 + 34.79 <0.0001
TC (mg/dL) 196.06 + 41.32 197.79 + 42.30 197.87 + 40.87 196.33 +40.32 191.82 £ 41.56 <0.0001
TG (mg/dL) 131.5 £ 103.95 125.8 +107.49 131.79 £ 103.62 134.48 £ 100.53 134.23 +£103.81 <0.0001
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TABLE 2 Baseline characteristics according to stroke.

Characteristics Total (N = 48,734) Non-stroke (N = 46,904) Stroke (N =
Age (years) 46.93 +16.90 46.43 +16.70 64.69 + 14.36 <0.0001
Gender (%) <0.0001

Male 48.24 48.40 42.67

Female 51.76 51.60 57.33
Race (%) <0.0001

Mexican American 8.19 8.30 4.28

Other Hispanic 5.67 5.73 3.22

Non-Hispanic White 68.62 68.53 71.65

Non-Hispanic Black 10.65 10.56 13.90

Other 6.88 6.88 6.95
Education (%) <0.0001

Less than high school 17.23 16.90 28.84

High school grade 23.97 23.82 29.42

Some college or above 58.8 59.28 41.74
PIR (%) <0.0001

Low 21.25 20.94 3221

Moderate 36.03 35.80 43.93

High 42.72 43.25 23.86
Drinking status (%) <0.0001

Never 19.06 18.67 35.83

Moderate 39.59 39.58 39.87

Heavy 41.36 41.75 24.30
Smoking Status (%) <0.0001

No 53.8 54.14 41.81

Yes 46.2 45.86 58.19
PA level (%) <0.0001

Low 26.35 25.71 49.05

Moderate 38.37 38.49 34.07

High 35.28 35.80 16.88
Hypertension (%) <0.0001

No 62.38 63.58 20.51

Yes 37.62 36.42 79.49
Diabetes (%) <0.0001

No 87.82 88.45 65.47

Yes 12.18 11.55 34.53
BMI(kg/m?) 28.76 £ 6.72 28.73£6.71 29.90 £ 6.88 <0.0001
CRP(mg/L) 0.41 +0.80 0.41 +0.79 0.65 +1.10 <0.0001
WAIST(cm) 98.33 £16.26 98.20 £ 16.25 103.50 £+ 16.03 <0.0001
FPG(mg/dL) 105.23 + 31.11 104.84 + 30.56 118.64 + 43.96 <0.0001
HbAlc (%) 5.57+091 5.56 +0.90 6.05+1.27 <0.0001
HDL(mg/dL) 53.19 + 16.26 5324 +16.24 51.70 + 16.61 0.0007
LDL(mg/dL) 115.69 + 35.38 115.89 + 35.20 108.87 + 40.60 <0.0001
TC(mg/dL) 196.06 + 41.32 196.23 £ 41.16 189.96 + 46.07 <0.0001
TG(mg/dL) 131.5 £ 103.95 131.20 = 104.21 143.38 + 94.25 <0.0001
NPAR 13.82+2.63 13.79 £2.62 14.79 +2.79 <0.0001
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TABLE 3 Association of NPAR with stroke.

Exposure

Model 1°

10.3389/fneur.2025.1520298

OR (95%Cl), p value

Model 2° Model 3¢

NPAR 1.11 (1.09, 1.12) <0.0001

1.08 (1.07, 1.10) <0.0001 1.06 (1.04, 1.08) <0.0001

NPAR quartile

QI (<12.11) 1

1 1

Q2 (12.11-13.76) 1.30 (1.11, 1.52) 0.0011

1.29 (1.10, 1.52) 0.0019 1.26 (1.07, 1.48) 0.0063

Q3 (13.76-15.48) 1.80 (1.55, 2.09) <0.0001

1.54 (1.32, 1.79) <0.0001 1.44 (1.23, 1.68) <0.0001

Q4 (> 15.48) 2.55(2.21, 2.94) <0.0001 1.89 (1.63, 2.19) <0.0001 1.62 (1.40, 1.89) <0.0001

AIC 12105.22 10578.38 10106.73

BIC 12123.38 10631.63 10225.08

Pseudo R* 0.013 0.139 0.179

AUC 0.602 0.794 0.826
“No-adjusted model: adjusted for none.
*Minimally adjusted model: adjusted for age, gender, race, and education.
Fully adjusted model: adjusted for age, gender, race, education, PIR, BMI, HbA ¢, smoking status, drinking status, physical activity, hypertension, and diabetes.

Model 1 Model 2 Model 3
ROC Curve ROC Curve ROC Curve
1.00- ’ 1.00- ’ 1.00- ’

o
N
o
o
o
Sy

Sensitivity
o
[4)]

o
Sensitivity
o
[4)]

o

better model performance in distinguishing stroke cases.

0.25- 0.25- 0.25-
0.00- / i i i i 0.00- i i 0.00- * i i
0.00 025 050 0.75 1.00 0.00 025 050 0.75 1.00 0.00 025 050 0.75 1.00
1 - Specificity 1 - Specificity 1 - Specificity
FIGURE 2

ROC curves for three models. ROC curves for three models are presented to assess their ability to discriminate between different outcomes. The
curves plot sensitivity against 1-specificity, demonstrating the performance of each model in classifying stroke prevalence. Higher AUC values indicate

o
3
o

Sensitivity
o
0
o

stroke prevalence 62% higher in the highest NPAR quartile compared
to the lowest. In comparison to the previous models, Model 3 showed
lower Akaike Information Criterion (AIC), Bayesian Information
Criterion (BIC), and pseudo-R? values. Furthermore, the Receiver
Operating Characteristic (ROC) curve analysis indicated that Model
3 had the highest area under the curve (AUC) value (Figure 2), with
an AUC of 0.826, demonstrating excellent model performance.

The RCS curve further illustrated the relationship between NPAR
and stroke odds ratios (OR; Figure 3). The red solid line represents the
estimated OR, while the shaded blue region indicates the 95%
confidence interval (CI) around the OR. The overall relationship
between NPAR and stroke was statistically significant (P-overall
<0.001). Additionally, the analysis suggested a nonlinear association
between NPAR and stroke prevalence (P-non-linear = 0.013). Low
NPAR Values (<10): In this range, the OR remained close to 1,
indicating no significant relationship between NPAR and stroke
incidence. Medium NPAR Values (10-20): A slight upward trend was

Frontiers in Neurology

observed in the curve, suggesting a modest increase in stroke
prevalence with rising NPAR values. High NPAR Values (>20): Above
this threshold, the curve steepened significantly, accompanied by a
wider CI, indicating a marked increase in stroke prevalence with
higher NPAR values. Additionally, we calculated the Variance Inflation
Factors (VIFs) for all covariates in the model, which ranged from 1.07
to 1.41. These values suggest that multicollinearity among the
covariates is minimal, as VIFs below 2 are generally considered
acceptable. Thus, multicollinearity was not a significant concern in
our analysis.

3.3 Subgroup analysis
Subgroup analyses and interaction testing were performed to

examine whether the association between NPAR and stroke varied
across different demographic groups. A forest plot was used to
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1,050 P-overall: <0.001
P-non-linear: 0.013
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X
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2,
14
O
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FIGURE 3

uncertainty.

RCS fitting curve illustrated the association between NPAR and stroke incidence. X-axis (Exposure): Represents the range of NPAR values. Y-axis [OR
(95% CI)I: Depicts the OR for stroke incidence along with its 95% CI. Red Curve Illustrates the trend in stroke incidence as the NPAR value increases.
The shape of this curve indicates a complex, non-linear relationship rather than a simple linear correlation. Blue Shaded Area: Represents the 95%
confidence interval for the red curve. A narrower shaded region indicates higher precision of the estimate, while a wider region indicates more

visualize these results (Figure 4). Our findings showed that the
relationship between NPAR and stroke remained consistent across
various subgroups, with all interaction p-values exceeding 0.05. This
indicates that the association is independent of the stratifying factors,
suggesting that NPAR may be a broadly applicable biomarker for
stroke risk across diverse populations.

4 Discussion

Our study identified a significant association between stroke
prevalence and NPAR in a large, community-representative cohort of
48,734 participants. Elevated NPAR levels were linked to higher stroke
rates, and this positive correlation was consistently observed across
various demographic subgroups. Subgroup analyses and interaction
tests further supported the robustness of this association, suggesting
that NPAR could serve as a valuable marker in stroke assessment.
Notably, an inflection point was observed around an NPAR value of
14, indicating a threshold effect where stroke prevalence increases
more sharply beyond this point. These findings underscore the
potential importance of NPAR in stroke prevention and management,
highlighting that elevated NPAR may be associated with an increased
risk of stroke.

Research on stroke biomarkers has advanced to enhance the
early detection of stroke prevalence. Following a literature review,
we identified that stroke biomarkers mostly include the below
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categories: Lipid indicators, including TC and non-HDL, may
more accurately predict stroke incidence than LDL (25);
Inflammatory markers, especially IL-6, shown significant
correlations with stroke risk (26); Hemodynamic indicators such
as midregional proatrial natriuretic peptide and N-terminal pro-B-
type natriuretic peptide shown promise in differentiating stroke
subtypes (27, 28); microRNAs (miR-125a-5p,
miR-125b-5p, miR-143-3p) shown upregulation in acute ischemic

Particular

stroke (29); Metabolomic investigations discovered new markers,
including tetradecanedioate and hexadecanedioate, associated with
cardioembolic stroke (30); Neurodegenerative indicators, such as
total-tau and neurofilament light chain, were correlated with
heightened stroke risk (31).

Neutrophil levels upon hospital admission have been associated
with early neurological deterioration and poorer outcomes,
especially in patients with intracerebral hemorrhage (ICH) (32).
Albumin levels have been recognized as reliable biomarkers for
predicting mortality and functional recovery in stroke patients (33,
34). There is a correlation between high albumin levels and
improved functional recovery and decreased mortality in stroke
patients, which suggests that some neuroprotective effects may
be present (35). Albumin’s role as a major plasma antioxidant is
crucial, contributing to delayed neuronal death phases (36), while
reduced serum albumin can increase oxidative stress and lower
antioxidant defenses. Inflammatory responses in ICH involve both
neutrophils and albumin, and hypoalbuminemia, often seen in
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Subgroup OR (95%CI) P value P for interaction
GENDER 0.1180
Male 1.07 (1.04, 1.11) <0.0001
Female 1.04 (1.00, 1.07) 0.0285
Age 0.3878
20-40 1.03 (0.94, 1.12) 0.5604
41-60 1.02 (0.97, 1.07) 0.3581
61-80 1.06 (1.03, 1.09) <0.0001
Race 0.4162
Mexican American 1.08 (1.00, 1.16) 0.0462
Other Hispanic 1.05 (0.94, 1.16) 0.3966
Non-Hispanic White 1.06 (1.03, 1.10) 0.0004
Non-Hispanic Black 1.02 (0.98, 1.06) 0.4029
Other Race 1.10(1.01, 1.21) 0.0351
Education level 0.6740
Less than high school 1.05 (1.01, 1.09) 0.0253
High school or equivalent 1.07 (1.02, 1.12) 0.0031
Some college or above 1.05(1.01, 1.08) 0.0111
PIR 0.6410
<13 1.06 (1.02, 1.10) 0.0012
1.3-3.5 1.04 (1.00, 1.08) 0.0358
>3.5 1.06 (1.01, 1.12) 0.0276
Drink Status 0.0715
Never 1.02 (0.98, 1.06) 0.3181
Moderate 1.06 (1.02, 1.10) 0.0021
Heavy 1.09 (1.04, 1.14) 0.0002
Smoking Status 0.1372
No 1.03 (1.00, 1.07) R @®------- | 0.0810
Yes 1.07 (1.04, 1.10) koo ®----- 1 <0.0001
Diabetes 0.1670
No 1.07 (1.04, 1.10) LS ®----- 1 <0.0001
Yes 1.03 (0.99, 1.07) 0.1414
PA level 0.7924
Low 1.04 (1.01, 1.08) 0.0088
Moderate 1.06 (1.02, 1.10) 0.0033
High 1.06 (1.00, 1.12) 0.0401
Hypertension 0.7022
No 1.06 (1.01, 1.11) 0.0205
Yes 1.05 (1.02, 1.08) : 0.0003

O.|940.|960.;)81.I()OI.E)ZI.EMI.E)GLI()81.IZI.01.IZI.21.IZI.41.IZI.61.IZI.81.I20I

Hazard Ratio(95%CI)

FIGURE 4
Assessment of the correlation between NPAR and stroke by subgroup analysis. This figure assesses the relationship between NPAR and stroke
incidence across various demographic and clinical subgroups. Each row represents a specific subgroup, showing the OR and 95% CI for stroke
incidence in relation to NPAR within that subgroup. The lack of significant interaction effects (P for interaction) in most subgroups suggests that the
impact of NPAR on stroke prevalence is consistent across different demographic and clinical characteristics. However, certain subgroups—such as
those defined by drinking status and age—may show slight differences in the NPAR-stroke relationship, though these interactions are not strongly
significant.

malnutrition, renal or hepatic issues, is linked to poorer health
outcomes and greater frailty. Furthermore, albumin has been
shown to independently predict pneumonia risk after acute
ischemic stroke (37).

The combined use of neutrophil count and albumin levels has
shown potential in improving the accuracy of stroke outcome
predictions, integrating both acute inflammatory responses and
nutritional status. Several studies have also highlighted the
connection between NPAR and stroke-related outcomes. A 2021
retrospective study found that NPAR outperformed other
biomarkers, such as albumin and neutrophil-to-leukocyte ratios, in
predicting stroke-associated pneumoni (38). Chen et al. found that
stroke patients with elevated NPAR had a higher risk of mortality
(39), and Cui et al. reported worse outcomes in acute ICH patients
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with higher NPAR levels (40). Additionally, Lv and colleagues
showed that increased NPAR was independently associated with
adverse outcomes in both stroke-associated pneumonia and
spontaneous ICH (41). These studies reinforce the strong link
between NPAR and stroke, and our research provides further
clarification of this relationship, suggesting that NPAR could serve
as a novel biomarker for stroke risk assessment.

This is, to our knowledge, the first study to specifically investigate
the relationship between NPAR and stroke prevalence. Previous
research has primarily focused on NPAR’s association with
cardiovascular diseases. For example, Zhang et al. found that high
NPAR levels independently predicted coronary slow flow in patients
with myocardial ischemia (42). Elevated NPAR levels in individuals
with hypertension have also been associated with increased

frontiersin.org


https://doi.org/10.3389/fneur.2025.1520298
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Ye et al.

cardiovascular disease risk and overall mortality (43). Moreover,
NPAR has been shown to correlate with coronary atherosclerosis in
patients with chronic renal disease, accurately predicting the severity
of the condition (44). These findings emphasize NPAR’s role as a
marker of systemic inflammation and suggest that it may also reflect
the severity of brain damage and post-stroke complications.

This study has notable strengths. The analysis was based on data
from 48,734 US. adults, with sample weights adjusted to ensure
representativeness of the broader U.S. population. However, several
limitations must be acknowledged. As a cross-sectional study,
we cannot establish a direct causal relationship between NPAR and
stroke. Selection bias may also have influenced the results. To further
explore the dynamics of NPAR in stroke progression, longitudinal
studies with larger sample sizes are needed. Additionally, the absence
of information on medication history and stroke subtype classification
in the dataset introduces the potential for recall bias. Stroke diagnoses
were based on self-reported questionnaires, which may further
contribute to this bias. Future clinical investigations are necessary to
validate these findings and explore the broader applicability of NPAR
in stroke detection and management.

5 Conclusion

Our study demonstrates that elevated NPAR levels are associated
with increased stroke prevalence. This finding offers new insights for
primary stroke prevention, suggesting that NPAR could serve as a
practical tool for assessing stroke likelihood. By incorporating NPAR
into clinical decision-making, healthcare providers could implement
timely preventive measures for individuals with higher NPAR levels,
ultimately optimizing stroke prevention strategies and improving
patient outcomes.
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