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Background: Cardiovascular disease (CVD) is a leading cause of death and
disability worldwide. Available studies suggest that inflammation and nutritional
status play a key role in the development of CVD. As a new combined
indicator of inflammation and nutritional status, the neutrophil percentage-to-
albumin ratio (NPAR) may be important in CVD prediction.

Objective: This study investigated the association between NPAR and CVDs such
as heart failure, coronary heart disease, angina pectoris, and stroke. It aimed to
confirm the validity of NPAR as a potential biomarker of CVD using data from the
National Health and Nutrition Examination Survey (NHANES).

Methods: This study used a cross-sectional study design that analyzed the
neutrophil percentage, albumin levels, and CVD diagnostic information of
12,165 adults. Multifactorial logistic regression modeling was employed to
explore the association between NPAR and CVDs such as heart failure,
coronary heart disease, angina pectoris, and stroke, while the nonlinear
relationships were examined via restricted cubic spline. In addition, subgroup
analyses were performed to assess the effect of age, sex, and race on the
association between NPAR and CVD.

Results: Our findings suggested that higher NPAR levels were significantly
associated with an increased odds of CVD events. Specifically, each NPAR unit
increase was associated with a 3% higher odds of a CVD event (OR=1.03,
95% ClI: 1.01-1.06). Individuals in the highest NPAR quartile displayed a
significantly higher odds of heart failure (OR=166, 95% CI: 1.18-2.34,
p =0.0035)and stroke (OR =1.74, 95% Cl: 1.28-2.36, p = 0.0004) than those in
the lowest quartile. Subgroup analyses showed a more pronounced
association between NPAR and CVD in women (OR =1.04, 95% CI: 1.00-1.08,
p =0.0499), hypertensive patients (OR =1.04, 95% CI: 1.01-1.07, p = 0.0154),
and diabetic patients (OR =1.05, 95% CI: 1.01-1.09, p = 0.0178).

Conclusion: The study demonstrated that as a comprehensive indicator of
inflammation and nutritional status, NPAR could effectively predict CVD
occurrence. Although the clinical application value of NPAR requires further
validation, it shows promise as a novel biomarker for early CVD screening
and prevention.
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1 Introduction

Cardiovascular disease (CVD) is a leading cause of death and
disability ~worldwide. According to the World Health
Organization (WHO), about 17.5 million people die of CVD
each year, accounting for 31% of all global deaths (1).
Cardiovascular diseases, including coronary heart disease, angina
pectoris, and stroke, primarily involve pathological mechanisms
such as atherosclerosis, inflammatory response, and metabolic
abnormalities, and heart failure is a clinical consequence of these
diseases (2). CVD incidence has continued to rise in recent years
due to lifestyle changes and population aging, posing a
significant challenge to public health and the healthcare system (3).

Although a large number of studies have explored the CVD
risk factors, such as hypertension, high cholesterol, diabetes, and
smoking, existing research still displays significant limitations (4,
5). First, traditional risk factors are insufficient to clarify all the
mechanisms behind CVD. For example, one study found that a
considerable number of CVD cases remained unexplained even
after controlling traditional risk factors (6). This highlights a
critical gap in our understanding of the multifactorial nature of
CVD and suggests that additional, non-traditional factors may
play a significant role in its development and progression.
Second, although the roles of inflammation and nutritional status
in CVD development have received increasing attention, the
related biomarker studies remain insufficient (7, 8). Inflammation
is now recognized as a key driver of CVD pathogenesis, yet
commonly studied inflammatory markers such as leukocytes and
C-reactive protein (CRP) exhibit limitations regarding sensitivity
and specificity (9). Similarly, nutritional status is intricately
linked to CVD risk, but traditional markers often fail to capture
the complex interplay between nutrition and inflammation (10).
Moreover, there is a lack of integrated biomarkers that can
comprehensively assess both inflammation and nutritional status
simultaneously, which is crucial for a more holistic
understanding of the odds of developing CVD. Therefore,
developing new approaches to accurately predict and manage
CVD is essential.

The neutrophil percentage-to-albumin ratio (NPAR) has
attracted considerable attention in recent years as a new
integrated indicator of inflammation and nutritional status. As
classic cellular effectors, neutrophils are crucial for mediating
inflammatory responses (11). Albumin is a vital indicator of
nutritional status and chronic inflammation in the body, with
lower levels typically associated with chronic diseases and
malnutrition (12). NPAR combines neutrophils and albumin to
more comprehensively reflect the inflammatory and nutritional
status of an individual (13). Studies have shown that high NPAR
is associated with the risk of death from a variety of chronic
diseases such as chronic obstructive pulmonary disease and
cancer (14, 15). However, minimal studies are available regarding
the correlation between NPAR and CVD, especially in large
populations. Therefore, this study investigates the association
between NPAR and CVD based on large-scale population data
from the NHANES database, aiming to validate the efficacy of
NPAR as a potential CVD biomarker.
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2 Materials and methods

2.1 Study design

This study used a retrospective cross-sectional study design to
explore the association between NPAR and the prevalence of CVD
in U.S. adults using data from the National Health and Nutrition
Examination Survey (NHANES) database (NHANES 2015-2016).
The study included adults >18 years old with complete
neutrophil percentage and albumin testing data, as well as
diagnostic CVD information. The research excluded individuals
who lacked key variable dataas, well as patients with a history of
tumors and those with inflammatory diseases such as rheumatoid
arthritis and osteoarthritis. The effect of potential covariates such
as age, sex, race, body mass index (BMI), education, alcohol
consumption, smoking, and diabetes

hypertension, were

also considered.

2.2 Study objects and data sources

The NHANES database employs multistage, random sampling
for the annual collection of considerable data from the U.S.
population, information  on
characteristics, lifestyle, health status, nutritional intake, physical
examination, and laboratory tests. The data in the NHANES

database are highly representative and reliable and are commonly

including demographic

used in disease epidemiology, nutrition, and environmental
health research (16, 17). This study analyzed data from 2013 to
2018, including demographic characteristics (age, sex, race,
education, and family poverty-to-income ratio (PIR), BMI,
(Total
lipoprotein), and other diagnostic information. All data were

biochemical  indicators cholesterol,  High-density
collected according to standardized NHANES processes and
quality control procedures. A total of 29,400 participants were
enrolled during 2013-2018. First, 11,439 individuals younger
than 18 years old were excluded, after which the remaining
17,961 adult participants were screened to exclude those with
missing NPAR (n=1,850) and CVD data (n=897). Also
with
information and missing covariate data (e.g., smoking status,

excluded were individuals incomplete demographic
BMI, and alcohol consumption, as well as hypertension and
diabetes history). Ultimately, 12,165 participants were included in

the study (Figure 1).

2.3 Assessment of the outcome variables

CVD status was determined according to self-reported
physician diagnoses obtained during personal interviews using a
standardized medical status questionnaire. Participants were
asked, “Has a doctor or other health professional ever told you
that you have congestive heart failure, coronary heart disease,
angina, myocardial infarction, or a stroke?” Participants were
considered as having CVD if they answered “yes” to any of these
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Total participants from NHNAES
2013-2018
(n=29400)
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FIGURE 1
Flowchart of study participants selection

» | BMI(n=166)
diabetes(389)
Alcohol use(n=939)
smoking status(n=5)
hypertension(n=15)
HDL(n=6)

questions. Specific conditions such as congestive heart failure,
myocardial infarction, angina pectoris, and coronary heart
disease

were also defined by answering “yes” to the

corresponding questions above.

2.4 Exposure variables and covariates

This study used NPAR as an exposure variable, which
represented the neutrophil percentage-to-albumin ratio (18, 19).
To accurately determine the correlation between NPAR and
CVD, several influencing covariates were examined, including
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age, sex, race, education level, BMI, PIR, smoking status,
diabetes,
categorized as male/female, and race was categorized as

drinking behavior, and hypertension. Sex was
Mexican American/Other Hispanic/Non-Hispanic White/Non-
Hispanic Black/Non-Hispanic Asian/Other. The smoking status
(yes/no) was categorized as smoking less than 100 cigarettes or
smoking 100 or more cigarettes in a lifetime. The alcohol
consumption frequency was defined as drinking less than 12
times per year or drinking 12 or more times per year. Diabetes
and hypertension were categorized as yes/no, respectively.
Information on each of these variables is available at www.cdc.

gov/nchs/nhanegov/nchs/nhane.
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2.5 Statistical analysis

First, the participants were categorized into CVD and non-
CVD groups based on their diagnoses. The information of
continuous variables was expressed as X + S and categorical
variables were expressed as percentages. The chi-square () test
is used for comparing two samples of categorical variables, while
the independent samples t-test is used for comparing two
samples of continuous variables. A multifactorial logistic
regression model was used to investigate the relationship between
NPAR and CVD. The logistic regression model was chosen
because it is a widely used and well-established method for
examining the association between a binary outcome (such as the
presence or absence of CVD) and one or more predictor
variables (in this case, NPAR). It provides odds ratios (OR) and
(CI) that quantify the

significance of the association. Moreover, this method allows for

confidence intervals strength and
the inclusion of multiple covariates, which helps to control for
potential confounders that could influence the relationship
between NPAR and CVD. Model 1 included adjustments for sex,
age, and race, while Model 2 added adjustments for BMI,
education level, PIR, alcohol and smoking habits, diabetes,
hypertension, High-density lipoprotein (HDL) cholesterol, and
total cholesterol. The nonlinear relationship between NPAR and
CVD was explored via a restricted cubic spline (RCS) with 4
knots. Finally, subgroup analyses and interaction tests were
performed to examine the potential differences between the
genders in depth. Subsequently, subgroup analyses and interaction
tests were performed to examine the potential differences among
the covariates in depth (20). These analyses were essential for
several reasons. First, subgroup analyses allow us to identify
whether the association between NPAR and CVD varies across
different demographic or clinical characteristics, such as gender.
This approach helps to assess the robustness of our findings and
identify potential subpopulations that may be at higher odds.
Second, interaction tests were conducted to determine if specific
factors, such as gender, modify the association between NPAR and
CVD.AIl statistical analyses were performed using R language
(version 4.2) and EmpowerStats software (version 6.0), while
P <0.05 was considered statistically significant.

3 Results
3.1 Baseline characteristics

Table 1 demonstrates the baseline demographic characteristics
of the participants in this study. This included 12,165 individuals
with a mean age of 49.54+17.53 years, of whom 1,165 were
diagnosed with CVD and 12,165 were not. Significant differences
were evident between the CVD and non-CVD participants in
terms of age, household PIR, neutrophils, albumin, BMI, HDL,
total cholesterol, sex, race, education level, heart failure, coronary
heart disease, angina pectoris, stroke, diabetes mellitus, smoking
status, and hypertension (Table 1).

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2025.1557507

3.2 Multifactorial logistic regression analysis
of NPAR and CVD

Table 2 demonstrates the relationship between NPAR from the
NHANES database and CVDs and their subtypes (heart failure,
coronary heart disease, angina pectoris, and stroke) in different
logistic regression models. The preliminary model (non-
adjusted), which did not consider the effect of any confounding
factors, showed a significant positive correlation between NPAR
and the likelihood of developing these diseases. However, when
potential confounders such as sex, age, and race were included
for adjustment (Model 1), the association between NPAR and
angina became insignificant. The correlation between NPAR and
CVD, heart failure, and stroke remained significant, which was
confirmed after further consideration of additional confounders
(Model 2). Specifically, as a continuous variable, NPAR was
associated with CVD at an OR of 1.03 (95% CI: 1.01-1.06,
P=0.0125), heart failure at an OR of 1.09 (95% CI: 1.05-1.13,
P<0.0001), and stroke at an OR of 1.06 (95% CI: 1.02-1.09,
P=0.0016). A comparison between the highest (Q4) and lowest
(Ql) NPAR quartiles indicated increased odds of CVD
(OR=1.28, 95% CI:1.04-1.57, P=0.0177), heart failure
(OR=1.66, 95% CI:1.18-2.34, P=0.0035), and stroke (OR =1.74,

95% CI:1.28-2.36, P =0.0004).

3.3 Utilizing RCS analysis to explore the
potential link between NPAR and various
CVD outcomes

In this investigation, we employed restricted cubic splines
(RCS) to rigorously analyze the relationships between the
neutrophil-to-albumin ratio (NPAR) and various cardiovascular
diseases, namely congestive heart failure (CHF), stroke, coronary
heart disease (CHD), and angina pectoris. Figures 2A-E illustrate
the correlation between NPAR and the associated with these
conditions. Figure 2A highlights a significant positive correlation
between NPAR and CVD odds (P for overall =0.018), Figure 2B
confirms a robust positive relationship with CHF (P for
overall < 0.0001), and Figure 2E indicates a significant positive
association with angina pectoris (P for overall =0.011). Although
nonlinearity in CHF is nearing significance in Figure 2B (P for
nonlinearity = 0.062), the overall relationships between NPAR
and these cardiovascular conditions tend to show a linear trend.
Conversely, the correlations with stroke in Figure 2C (P for
overall =0.171) and CHD in Figure 2D (P for overall = 0.408) did
not achieve statistical significance, and their nonlinear patterns
were not marked.

3.4 Subgroup analysis
This study performed subgroup analyses and interaction tests

between the NPAR levels and CVD odds. The results showed a
statistically significant association between the NPAR levels and
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TABLE 1 Characteristics of participants.

Characteristic

Age, year 49.54 +17.53 66.19 +12.35 47.77 £ 17.06 <0.001
PIR 2.52+1.62 2.16 £ 1.46 2.56 £1.63 <0.001
Neutrophil percentage, % 57.48 +9.42 59.31 +10.09 57.28+9.32 <0.001
Albumin, g/dl 4.21+0.36 4.08 £0.35 422 +0.36 <0.001
BMI 29.54+7.22 30.95+7.71 29.39+7.15 <0.001
HDL, mg/dl 53.44 +16.44 50.69 £ 16.25 53.73 £ 16.43 <0.001
Total cholesterol, mg/dl 189.30 £ 41.61 174.45 £42.59 190.87 £41.20 <0.001
Gender (male/female) <0.001
Male 5916 (48.63%) 653 (56.05%) 5,263 (47.85%)

Female 6,249 (51.37%) 512 (43.95%) 5,737 (52.15%)

Race <0.001
Mexican American 1,753 (14.41%) 95 (8.15%) 1,658 (15.07%)

Other hispanic 1,232 (10.13%) 105 (9.01%) 1,127 (10.25%)

Non-hispanic white 4,876 (40.08%) 618 (53.05%) 4,258 (38.71%)

Non-hispanic black 2,451 (20.15%) 253 (21.72%) 2,198 (19.98%)

Other race 1,853 (15.23%) 94 (8.07%) 1,759 (15.99%)

Education level <0.001
Less than 9th grade 981 (8.06%) 116 (9.96%) 865 (7.86%)

9-11th grade 1,410 (11.59%) 175 (15.02%) 1,235 (11.23%)

High school graduate 2,801 (23.03%) 317 (27.21%) 2,484 (22.58%)

Some college or AA degree 3,902 (32.08%) 371 (31.85%) 3,531 (32.10%)

College graduate or above 3,071 (25.24%) 186 (15.97%) 2,885 (26.23%)

Congestive heart failure (YES/NO) <0.001
YES 399 (3.28%) 399 (34.25%) 0 (0.00%)

NO 11,766 (96.72%) 766 (65.75%) 11,000 (100.00%)

Coronary heart disease (YES/NO) <0.001
YES 520 (4.27%) 520 (44.64%) 0 (0.00%)

NO 11,645 (95.73%) 645 (55.36%) 11,000 (100.00%)

Angina pectoris (YES/NO) <0.001
YES 305 (2.51%) 305 (26.18%) 0 (0.00%)

NO 11,860 (97.49%) 860 (73.82%) 11,000 (100.00%)

Stroke (YES/NO) <0.001
YES 453 (3.72%) 453 (38.88%) 0 (0.00%)

NO 11,712 (96.28%) 712 (61.12%) 11,000 (100.00%)

Diabetes (YES/NO) <0.001
YES 1,798 (14.78%) 449 (38.54%) 1,349 (12.26%)

NO 10,367 (85.22%) 716 (61.46%) 9,651 (87.74%)

Alcohol use (YES/NO) 0.952
YES 9,396 (77.24%) 899 (77.17%) 8,497 (77.25%)

NO 2,769 (22.76%) 266 (22.83%) 2,503 (22.75%)

Smoking status (YES/NO) <0.001
YES 5,265 (43.28%) 717 (61.55%) 4,548 (41.35%)

NO 6,900 (56.72%) 448 (38.45%) 6,452 (58.65%)

Hypertension (YES/NO) <0.001
YES 4,451 (36.59%) 871 (74.76%) 3,580 (32.55%)

NO 7,714 (63.41%) 294 (25.24%) 7,420 (67.45%)

PIR, Poverty-to-income ratio; BMI, Body mass index; HDL, High-density lipoprotein.

CVD odds in women (OR =1.04, 95% CI: 1.00-1.08, P=0.0499),  hypertensive individuals (OR=1.04, 95% CI 1.01-1.07,
Mexican Americans (OR=1.09, 95% CIL 1.00-1.19, P=0.0430), P=0.0154) (Figure 3). However, none of the interactions
high school graduates (OR =1.06, 95% CI: 1.01-1.11, P=0.0283),  regarding sex, race, education level, diabetic status, alcohol
diabetic patients (OR=1.05, 95% CI: 1.01-1.09, P=0.0178), consumption status, smoking status, and hypertension status
alcohol consumers (OR=1.03, 95% CI: 1.00-1.06, P=0.0475), reached statistical significance (Figure 3). Overall, the findings
nonsmokers (OR=1.04, 95% CI: 1.00-1.09, P=0.0306), and indicated a significant correlation between the NPAR levels and
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TABLE 2 Association between NPAR and cardiovascular diseases in logistic regression models from the NHANES.

PO > O ad ed ode ode 010 [S
. » O £ D a A . » O >/ £ D a A . » QO A D a O

Cardiovascular disease
NPAR (continuous) | L.I3 (L11, 1.16) <0.0.001 1.09 (1.06, 1.11) | <0.0001 1.03 (1.01, 1.06) 0.0125
NPAR (quartile)
Q1 1 1 1
Q 1.24 (1.02, 1.51) 0.0325 1.21 (0.98, 1.49) 00717 1.14 (0.92, 1.42) 02322
Q3 1.60 (1.32, 1.93) <0.0001 1.35 (1.10, 1.65) 0.0038 1.13 (0.92, 1.40) 0.2481
Q4 2.56 (2.14, 3.06) <0.0001 1.81 (1.49, 2.19) <0.0001 1.28 (1.04, 1.57) 0.0177
Congestive heart failure
NPAR (continuous) | 1.20 (116,123) | <0.0001 116 (112,120) | <0.0001 1.09 (105, 1.13) | <0.0001
NPAR (quartile)
Q1 1 1 1
Q 1.32 (0.91, 1.90) 0.1409 1.30 (0.89, 1.89) 0.1731 1.22 (0.83, 1.79) 03198
Q3 2.06 (1.46, 2.89) <0.0001 1.77 (1.25, 2.51) 0.0013 1.41 (0.9, 2.02) 0.0593
Q4 3.64 (2.65, 4.98) <0.0001 2.60 (1.87, 3.61) <0.0001 1.66 (1.18, 2.34) 0.0035
Coronary heart disease
NPAR (continuous) | L4 (L1, 117) | <0.0001 107 (104, 111) | <0.0001 | 103(099,1.06) | 0.1543
NPAR (quartile)
Q1 1 1 1
Q2 1.28 (0.95, 1.71) 0.1050 1.16 (0.85, 1.57) 0.3497 1.10 (0.81, 1.51) 05350
Q3 151 (1.13, 2.00) 0.0046 1.13 (0.84, 1.52) 0.4248 096 (0.71, 1.31) 0.8076
Q4 270 (2.08, 3.50) <0.0001 1.59 (121, 2.10) 0.0010 1.18 (0.88, 1.57) 0.2656
Angina pectoris
NPAR (continuous) | 110 (106, L14) | <0.0001 104 (100, 1.09) | 0.0595 | 099 (095,1.03) | 05691
NPAR (quartile)
Q1 1 1 1
Q 1.52 (1.06, 2.19) 0.0244 1.39 (0.96, 2.01) 0.0806 1.30 (0.89, 1.90) 0.1673
Q3 1.71 (1.20, 2.45) 0.0031 1.34 (0.93, 1.93) 01172 1.12 (0.77, 1.63) 05426
Q4 2.05 (1.45, 2.90) <0.0001 1.31 (0.91, 1.87) 0.1413 091 (0.63, 1.32) 0.6358
Stroke
NPAR (continuous) | 113 (109, 1.16) | <0.0001 109 (106, 1.13) | <0.0001 | 1.06(1.02,1.09) | 0.0016
NPAR (quartile)
Q1 1 1 1
Q2 1.34 (0.97, 1.85) 0.0755 1.36 (0.98, 1.89) 0.0684 131 (0.94, 1.84) 0.1088
Q3 1.88 (1.39, 2.55) <0.0001 1.70 (1.24, 2.32) 0.0009 1.55 (1.13, 2.13) 0.0070
Q4 2.78 (2.09, 3.70) <0.0001 2.11 (1.56, 2.84) <0.0001 1.74 (1.28, 2.36) 0.0004

Non-adjusted model:covariates were not adjusted; Model 1:Adjusted for gender, age, race; Model 2:Adjusted for gender, age, race, education level, PIR, BMI, diabetes, Alcohol use, smoking
status, hypertension, HDL, total cholesterol. Bold values indicate statistical significance (p < 0.05).

CVD odds in specific subgroups. However, the interaction between
these factors was not significant, suggesting the broad applicability
of the NPAR level as a predictor of CVD odds.

4 Discussion

This study examined the relationship between NPAR and CVD
using data from the NHANES. The results showed that higher
NPAR levels are significantly associated with an increased CVD
odds, particularly for heart failure and stroke. Specifically, after
adjusting for confounders such as age, sex, race, education level,
BMI, smoking status, alcohol consumption, diabetes, and
hypertension, the CVD odds was 3% higher for every one-unit
increase in NPAR. In addition, individuals in the highest NPAR
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quartile displayed a significantly higher odds of heart failure and
stroke than those in the lowest quartile.

Previous studies have confirmed the relationship between
and CVD. However, the
current study is one of the few to use NPAR (a combined

inflammation, nutritional status,
marker of inflammation and nutritional status) to predict
CVD odds. By integrating these two aspects, it creates a single
marker for a more comprehensive assessment of individual
inflammation and nutritional status. Therefore, the NPAR
application is expected to provide new biomarkers for early
CVD screening and prevention while enhancing the precision
of clinical diagnosis and management. The utilization of
NPAR is also useful for identifying populations with high
odds and developing more effective interventions to reduce
CVD morbidity and mortality.
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FIGURE 2
Non-parametric regression curve smoothing (RCS) analysis of the relationship between NPAR and cardiovascular diseases (CVD). Figures (A)—(E)
present the RCS analysis results for the associations between NPAR and CVD, heart failure, stroke, coronary heart disease, and angina,
respectively. A non-linear p-value of less than 0.05 suggests a significant non-linear relationship.

Several studies have investigated the relationship between
individual inflammatory markers, such as CRP, white blood
cell count, and CVD risk. For example, elevated CRP levels are
associated with a higher risk of myocardial infarction and
stroke (21). Similarly, other studies have found that higher
leukocyte counts predict coronary heart disease and stroke (22,
23). However, the limitations of these markers, including their
lack of variability and specificity, highlight the need to find
more reliable indicators (8).

Inflammation and nutritional status are key factors in CVD
pathogenesis. NPAR, by integrating these two aspects of
inflammation and nutritional status, can more comprehensively
reflect the health condition of the body, and thus offers several
advantages over traditional single markers such as CRP and
white blood cell count. First, it provides a more comprehensive
evaluation of the likelihood of cardiovascular events by
integrating two key aspects of cardiovascular pathophysiology.
Second, NPAR
populations and disease conditions, and studies have linked it to

shows consistent predictive value across
acute kidney injury, severe sepsis, and cirrhosis (24-26).

In the context of CVD, this study supports and extends the
findings of previous research, demonstrating significant associations
between NPAR and a variety of CVD outcomes (27). Specifically,
the stronger association with heart failure and stroke highlights the
potential of NPAR as a specific marker for these diseases, which
may be due to the enhanced inflammatory response and
nutritional depletion common in these patients (28, 29).

Furthermore, studies have shown that inflammation and

malnutrition play a key role in CVD progression. For example,
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one study highlighted the central role of inflammation in
atherosclerosis (30). A meta-analysis found that the risk of
ischemic heart disease, myocardial infarction, any stroke, and
ischemic stroke increased by 1.17-fold, 1.25-fold, 1.37-fold,
and 1.46-fold, respectively, for every 10g/L reduction in
plasma albumin (31). The current study confirmed these
observations, suggesting that by combining inflammation and
nutritional status, NPAR may more effectively predict CVD
than traditional single markers.

Further studies showed that other integrative markers
similar to NPAR, such as the neutrophil-to-lymphocyte ratio
(NLR), also supported the utility of combining multiple
biomarkers for risk stratification. NLR was associated with
increased cardiovascular risk and poor prognosis (32-34).
Recent studies highlight the utility of other inflammatory
indices, such as the neutrophil-to-lymphocyte ratio (NLR),
ratio (MLR),
inflammation index (SII), and systemic inflammation response
index (SIRI), in predicting cardiovascular outcomes (35-37).
While NLR and SII focus on cellular immune responses,

monocyte-to-lymphocyte systemic immune-

NPAR uniquely integrates inflammation and nutritional status.
This distinctive feature further validates the use of NPAR as a
composite marker and highlights its potential advantages over
other indices in clinical practice. This further validates the use

of NPAR as a composite marker and highlights the
potential benefits of such measures in clinical practice.
Another observational study demonstrated that higher

neutrophil counts were significantly associated with higher
cardiovascular risk using a Mendelian randomization study
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FIGURE 3
Subgroup analysis of the association between NPAR and CVD.

(MR) (38). Other research showed that elevated hereditary CRP
levels were associated with ischemic vascular disease (39). These
studies emphasized the role of inflammation in CVD,
reinforcing the relevance of the current research findings
regarding NPAR.

This study theoretically provides new evidence for utilizing
NPAR as a CVD biomarker, enriches the etiological
examination of CVD, and enhances the understanding of the
role of inflammation and nutritional status in CVD
development. In practice, these results suggest that NPAR
could be used in likelihood assessment or screening guidelines.
Specifically, it can provide new diagnostic and predictive
clinical tools, assisting physicians in better assessing the
likelihood of cardiovascular events in their patients and
developing individualized treatment and prevention strategies.
In addition, NPAR can also be combined with other known
cardiovascular disease risk biomarkers to construct more
accurate risk assessment models.
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5 Research limitations

This study also presented several limitations. First, causality
could not be determined since the data were derived from the
NHANES cross-sectional study. Second, this study failed to
incorporate all possible confounders. Several potential confounders
remain that may have influenced the results. Third, the findings of
this study are based on a U.S. population, and selection bias may
not be directly generalizable to populations of other races or
regions. Fourth, the calculation of NPAR relies on the accurate
measurement of neutrophil percentage and serum albumin levels.
Variations in laboratory techniques or systematic errors in
measuring these parameters could introduce measurement bias.
Finally, missing data for key variables, such as neutrophil
percentage and albumin levels, may affect the study results. For
example, if individuals with more severe health conditions are
more likely to have missing data, this could lead to an
underestimation of the true association between NPAR and CVD.
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6 Conclusions

This study emphasizes the potential of NPAR as a predictive
marker of CVD in a large, diverse population. Higher NPAR
levels are significantly associated with higher CVD odds,
particularly heart failure and stroke. Future research should focus
on longitudinal studies to confirm these findings and explore the
underlying mechanisms, aiming to incorporate NPAR into
clinical CVD odds assessment

practice to  improve

and management.
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