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Abstract 

Background Stroke is a complex neurological condition characterized by high rates of incidence, recurrence, disabil-
ity, and mortality, making it one of the leading causes of death and disability worldwide. The Naples prognostic score 
(NPS), an index that combines markers of inflammation and nutritional status, has demonstrated prognostic value 
in various diseases. This research investigated the relationships among NPS, stroke prevalence, and overall mortality 
in stroke individuals, drawing on data from the National Health and Nutrition Examination Survey from 2007 to 2018.

Methods The cross-sectional analysis included 20,798 participants aged beyond 40 years with 1155 persons 
with stroke analyzed for mortality. Stroke prevalence was self-reported, and the NPS was derived from serum albumin, 
total cholesterol, the neutrophil-to-lymphocyte ratio, and the lymphocyte-to-monocyte ratio (Galizia et al. in Can-
cer 60:1273–1284, 2017). Weighted Logistic regression and Cox models assessed associations among NPS, stroke, 
and mortality, adjusting for demographic and clinical factors.

Results Higher NPS scores were linked to increased stroke prevalence (OR 3.573, 95% CI 2.745–4.652, P < 0.001) 
and elevated all-cause mortality risk (HR 3.281, 95% CI 1.978–5.442, P < 0.001) in stroke individuals. The triglyceride-
glucose index (TYG) significantly modified the relationship between the NPS and stroke prevalence.

Conclusion This study supports the clinical utility of the NPS as a predictor of both stroke prevalence and all-cause 
mortality. The NPS may serve as a valuable tool for risk stratification in stroke prevention and long-term prognosis.
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Introduction
Stroke is a complex neurological disorder that is typi-
cally classified into two main subtypes: ischemic and 
hemorrhagic, based on its etiology and clinical pres-
entation. When a stroke occurs, it impairs brain func-
tion, leading to a range of symptoms such as motor 

impairments, speech difficulties, and cognitive decline. 
Stroke has a high incidence, recurrence rate, disabil-
ity rate, and mortality rate, making it one of the lead-
ing causes of death and disability worldwide [1–3]. 
Especially with the aging population and the dramatic 
lifestyle changes, the incidence and mortality rates of 
stroke continue to rise [2, 4]. Moreover, the incidence 
of stroke is gradually increasing among adults aged 
18–50  years, leading to a trend of stroke affecting a 
younger population [5]. Despite substantial advance-
ments in stroke treatment, identifying high-risk pop-
ulations and implementing stratified, personalized 
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management strategies remain key challenges in public 
health [6, 7].

Previous studies have demonstrated the signifi-
cant role of the  CHA2DS2-VASc score and NIHSS 
(National Institutes of Health Stroke Scale) in assess-
ing the prognosis of stroke patients. Specifically, the 
 CHA2DS2-VASc score is widely used in patients with 
atrial fibrillation to evaluate stroke risk based on clini-
cal factors such as congestive heart failure, hyper-
tension, age, diabetes, a history of stroke or transient 
ischemic attack, vascular disease, and gender [8–10]. 
NIHSS, on the other hand, is used in the acute phase 
of stroke to assess the severity of neurological deficits. 
By quantifying consciousness, language, motor func-
tion, and sensory loss, it helps predict patient outcomes 
[11–13].

However, despite their significance, traditional risk 
scores have limitations. First, these tools primarily focus 
on specific populations, such as CHA₂DS₂-VASc for 
atrial fibrillation patients and NIHSS for those with neu-
rological impairments, which limits their applicability. 
Additionally, these scores mainly emphasize cardiovascu-
lar risk factors and acute neurological damage, neglect-
ing other factors like inflammation and nutritional status 
that affect long-term recovery and prognosis. Thus, there 
is a need for more comprehensive predictive markers.

The Naples prognostic score (NPS), developed by Gali-
zia et al., integrates several clinical parameters, including 
neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-
monocyte ratio (LMR), serum albumin, and total choles-
terol, to provide a comprehensive reflection of systemic 
inflammation and nutritional status [14]. NPS has been 
shown to be an independent prognostic factor for vari-
ous diseases, including liver cancer [15], gastric cancer 
[16, 17], triple-negative breast cancer [18], as well as 
non-cancer diseases like acute pulmonary embolism [19], 
non-alcoholic fatty liver disease [20], and heart failure 
[21]. However, the relationship between NPS and stroke 
has yet to be explored.

Compared to traditional stroke prediction models, NPS 
provides a more holistic assessment by incorporating 
both systemic inflammation and nutritional status, allow-
ing the identification of high-risk individuals in the gen-
eral population. This comprehensive approach not only 
addresses the limitations of traditional models but also 
offers a more accurate understanding of stroke progno-
sis, leading to more personalized treatment strategies and 
improved prognostic accuracy.

To fill this knowledge gap, we conducted a cross-sec-
tional and cohort analysis using the comprehensive data 
from the NHANES (2007–2018). This study aimed to 
systematically assess the relationship between NPS and 
stroke while also exploring its potential association with 

all-cause mortality in stroke individuals, providing valu-
able insights for its prognostic application.

Materials and methods
Study population
THE NHANES is a nationwide study conducted by the 
National Center for Health Statistics (NCHS), a divi-
sion of the Centers for Disease Control and Prevention 
(CDC). It collects nationally representative health data, 
including anthropometric measurements, biochemi-
cal test results, and related medical questionnaire infor-
mation. All laboratory examinations are performed by 
trained medical personnel in mobile examination cent-
ers (MECs). The data are publicly available for download 
on the official website (www. cdc. gov/ nchs/ nhanes). The 
NCHS Research Ethics Review Board approved the study 
protocol, and informed consent was obtained from all 
participants.

Inclusion and exclusion criteria
The NHANES datasets (2007–2018) originally comprised 
59,842 participants. Informed by the findings of prior 
studies and the specific design of the current research, 
the exclusion criteria for this study were delineated as 
follows [22–24]: (1) individuals with missing stroke diag-
nosis data were excluded (N = 25,073); (2) participants 
under 40  years of age were removed (N = 11,543); (3) 
those with incomplete data for the NPS components, 
including serum albumin, total cholesterol (TC), and 
complete blood count, were excluded (N = 2383); and (4) 
individuals lacking follow-up information were omitted 
(N = 45). After implementing these criteria, 20,798 par-
ticipants were retained for cross-sectional analysis, and 
1155 were included in the cohort analysis, as illustrated 
in Fig.  1. To ensure the national representativeness of 
the hematological variables, Mobile Examination Center 
(MEC) weights were applied.

Assessment of stroke
Following previous studies [23, 25], participants were 
classified as having a history of stroke if they responded 
affirmatively to the following question: “Has a doctor or 
other healthcare professional ever informed you that you 
have had a stroke?” Conversely, individuals who provided 
a negative response were designated as the control group.

Assessment of NPS
Following the method established by Galizia et  al. [14], 
NPS was calculated using four clinical parameters: 
serum albumin, TC, NLR, and LMR. For each param-
eter, thresholds were assigned as follows: serum albu-
min ≥ 40 g/L, TC > 180 mg/dL, NLR ≤ 2.96, or LMR > 4.44 
scored 0; levels outside these thresholds scored 1. The 

http://www.cdc.gov/nchs/nhanes
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NPS score (0–4) was the sum of these four components 
(Table  1). According to the previous study [26–28], 
participants were stratified into three distinct groups 
according to their total score distribution: Group 1 (NPS 
score = 0), Group 2 (NPS score = 1–2), and Group 3 (NPS 
score = 3–4).

Fig. 1 Flowchart of participants in this study

Table 1 The standard of NPS

Points ALB (g/dL) TC (mg/dL) NLR LMR

NPS score

 0 ≥ 4 > 180 ≤ 2.96 > 4.44

 1 < 4 ≤ 180 > 2.96 ≤ 4.44
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Assessment of mortality
Deceased participants in this study were identified by 
linking the NHANES dataset with the National Death 
Index (NDI). Mortality data, including all-cause mor-
tality as of December 31, 2019, were obtained from the 
2019 Linked Mortality File (LMF). These records were 
matched with NHANES data and are publicly accessible 
online at www. cdc. gov/ nchs/ data- linka ge/ morta lity. htm.

Covariates
Based on a comprehensive review of the existing litera-
ture, we identified several key potential covariates that 
may influence the outcomes, including age, sex, race, 
educational attainment, smoking status, body mass index 
(BMI, kg/m2), poverty income ratio (PIR), triglyceride, 
fasting glucose, glycohemoglobin, marriage status, diabe-
tes, triglyceride-glucose index (TYG) and average alcohol 
consumption per day over the past 12  months. Demo-
graphic data such as age, gender, race, PIR, educational 
level, marital status, diabetes status, and alcohol con-
sumption were self-reported by the participants. Smok-
ing status was dichotomized into two distinct categories: 
smokers and nonsmokers. Individuals were classified as 
smokers if they reported consuming at least 100 ciga-
rettes over their lifetime, whereas those who had smoked 
fewer than 100 cigarettes were categorized as nonsmok-
ers. BMI was stratified into three discrete groups: nor-
mal weight (BMI < 25  kg/m2), overweight (BMI ≥ 25 to 
< 30  kg/m2), and obese (BMI ≥ 30  kg/m2). The PIR was 
divided into three levels to reflect socioeconomic status: 
low (< 1.3), medium (1.3 to < 3.5), and high (≥ 3.5). Dia-
betes status was determined based on self-reported diag-
nosis, with individuals classified as “yes” if they reported 
a prior diagnosis and “no” otherwise. Marital status was 
dichotomized into “married” and “unmarried” based on 
responses to standardized questionnaire items. Finally, 
TYG index levels were categorized into quartiles, provid-
ing a nuanced stratification for further analyses.

Statistical analysis
To ensure the representativeness of the national popula-
tion, sampling weights were employed in accordance with 
the NHANES Analytic Guidelines, which account for the 
survey’s sophisticated multistage probability sampling 
framework. Participant characteristics are summarized 
as the means ± standard deviations (SDs) for continuous 
variables and as proportions for categorical variables. 
Individuals were stratified into three groups based on 
their NPS scores. Group differences in continuous vari-
ables were analyzed using the analysis of Variance, while 
the weighted chi-square test was utilized to compare 
categorical variables. To address missing data, multi-
ple imputation was performed via the “mice” package in 

R, and the random forest algorithm was used to ensure 
robust and reliable data estimation.

In the cross-sectional analysis, weighted multivariable 
logistic regression was used to evaluate the association 
between NPS and the odds of stroke. The results were 
expressed as odds ratios (ORs) with 95% confidence 
intervals (CIs). The logistic regression models were 
adjusted progressively: the crude model had no adjust-
ments, Model 1 included adjustments for Age, Gender, 
and Race, and meantime Model 2 further accounted for 
Gender, Age, Race, Triglyceride, Fasting Glucose, Glyco-
hemoglobin, Marriage, PIR, BMI, Smoke, Education, Dia-
betes, and TYG.

The cohort study analysis investigated the association 
between NPS and overall survival in Stroke individuals 
via Kaplan–Meier (KM) survival curves, with statistical 
comparisons made through a two-sided log-rank test. To 
further evaluate the relationship between NPS and all-
cause mortality among Stroke individuals, weighted mul-
tivariate Cox regression analysis was performed, and the 
results were presented as hazard ratios (HRs) with 95% 
confidence intervals (CIs). Stepwise adjustments were 
incorporated into the Cox regression models: the crude 
model included no adjustments, Model 1 was adjusted 
for Age, Gender, and Race, and Model 2 incorporated 
additional adjustments for diabetes, marriage, PIR, TYG, 
and Triglycerides. Nonlinear relationships between NPS 
and all-cause mortality risk were also systematically 
explored.

In the concluding phase of the analysis, the data were 
stratified by different covariates. Interaction effects 
among these variables were examined through the inclu-
sion of interaction terms in the models. Pearson’s cor-
relation analysis was used to evaluate the correlation 
coefficients between the NPS and its components. The 
statistical procedures were carried out via R Studio (ver-
sion 4.2.2) and STATA (version 15.1), applying a two-
tailed significance criterion of P < 0.05.

Results
Basic characteristics of the participants
The baseline characteristics of the study population 
are presented in Table  2 and Supplement Material 1. A 
total of 20,798 participants were included in this study 
and categorized into three groups based on NPS scores: 
Group 1 (N = 3759, 18.074%), Group 2 (N = 13,892, 
66.795%), and Group 3 (N = 3147, 15.131%). The overall 
mean age was 57.905 ± 11.719  years. Significant differ-
ences were observed across multiple covariates among 
the three groups (P < 0.05), with Group 3 displaying dis-
tinct characteristics compared with the other groups.

The mean age in Group 3 was 62.704 ± 12.667  years, 
making it the oldest group. Additionally, Group 3 had 

http://www.cdc.gov/nchs/data-linkage/mortality.htm
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the highest proportion of males (54.289%). Racial dis-
tribution analysis revealed that non-Hispanic Whites 
were most prevalent in Group 3 (73.845%). In contrast, 
the proportion of non-Hispanic Blacks in this group was 
10.073%, surpassing that in Group 2 (9.168%) but falling 
short of that in Group 1 (12.349%). Compared with the 
other groups, the other racial groups were less repre-
sented in Group 3.

Health-related indicators exhibited remark-
able disparities. Group 3 had significantly elevated 

levels of HbA1c and fasting glucose. This group also 
had recorded the highest prevalence of diabetes. Mark-
ers of inflammation further emphasized these differ-
ences, with Group 3 presenting the highest NLR  and 
the lowest albumin level. When stratified by TYG quar-
tiles, Group 3 participants were disproportionately rep-
resented in Q1 but underrepresented in Q4, with both 
distributions being statistically significant.

The behavioral characteristics also highlighted signifi-
cant variations. Group 3 presented the highest smoking 
prevalence and the greatest obesity rate. Conversely, 

Table 2 Characteristics of participants

Italicized values indicate statistically significant P-values (e.g., P < 0.05)

Characteristic Total Group1 Group2 Group3 P value
N = 20,798 N = 3759 (18.074%) N = 13,892 (66.795%) N = 3147 (15.131%)

M ± SD

 Age (years) 57.905 ± 11.719 54.630 ± 9.979 57.725 ± 11.596 62.704 ± 12.667 < 0.001

Gender, n% < 0.001

 Male 10,141 (47.568%) 1337 (32.968%) 7044 (49.754%) 1760 (54.289%)

 Female 10,657 (52.432%) 2422 (67.032%) 6848 (50.246%) 1387 (45.711%)

Education, n% 0.040

 < High school 5655 (16.632%) 1022 (17.302%) 3721 (15.885%) 912 (19.500%)

 High school 4778 (23.445%) 857 (23.731%) 3176 (23.111%) 745 (24.741%)

 > High school 10,365 (59.923%) 1880 (58.967%) 6995 (61.004%) 1490 (55.758%)

Marriage, n% < 0.001

 Married 11,943 (63.212%) 2209 (64.153%) 8060 (63.821%) 1674 (59.096%)

 Non-married 8855 (36.788%) 1550 (35.847%) 5832 (36.179%) 1473 (40.904%)

PIR, n% < 0.001

 Low < 1.3 5596 (16.666%) 1007 (17.078%) 3698 (16.125%) 891 (18.829%)

 Medium1.3 ≥, < 3.5 9172 (39.620%) 1659 (40.802%) 6019 (38.380%) 1494 (44.296%)

 High ≥ 3.5 6030 (43.714%) 1093 (42.121%) 4175 (45.495%) 762 (36.875%)

BMI (kg/m2), n% < 0.001

 Normal (< 25 kg/m2) 5089 (24.992%) 980 (27.274%) 3388 (24.829%) 721 (23.067%)

 Overweight (≥ 25, < 30 kg/m2) 7333 (35.336%) 1374 (36.412%) 5008 (36.208%) 951 (29.772%)

 Obese (≥ 30 kg/m2) 8376 (39.672%) 1405 (36.314%) 5496 (38.963%) 1475 (47.161%)

Diabetes, n% < 0.001

 Yes 3885 (14.257%) 470 (9.486%) 2433 (12.847%) 982 (26.876%)

 No 16,913 (85.743%) 3289 (90.514%) 11,459 (87.153%) 2165 (73.124%)

Smoke, n% < 0.001

 Smoker 9880 (47.286%) 1579 (44.036%) 6588 (47.189%) 1713 (51.647%)

 Non-smoker 10,918 (52.714%) 2180 (55.964%) 7304 (52.811%) 1434 (48.353%)

Quartiles of TYG, n% < 0.001

 Q1 (5.848–8.450) 5200 (26.823%) 795 (22.321%) 3483 (27.254%) 922 (30.093%)

 Q2 (8.450–8.772) 5198 (25.458%) 842 (23.633%) 3534 (25.898%) 822 (25.483%)

 Q3 (8.772–9.196) 5198 (24.153%) 989 (26.047%) 3429 (23.563%) 780 (24.786%)

 Q4 (9.196–22.144) 5202 (23.566%) 1133 (27.999%) 3446 (23.286%) 623 (19.639%)

Stroke, n% < 0.001

 No 19,643 (95.699%) 3635 (97.365%) 13,201 (96.212%) 2807 (91.184%)

 Yes 1155 (4.301%) 124 (2.635%) 691 (3.788%) 340 (8.816%)
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the proportion of individuals with a normal BMI was 
the lowest in this group.

The socioeconomic parameters further distinguished 
Group 3. This group had the highest proportion of indi-
viduals with low income (PIR < 1.3) and the greatest 
percentage of participants with less than a high school 
education.

The prevalence of Stroke, a key outcome of the study, 
was significantly elevated in Group 3. Among the 1155 
participants who experienced a stroke, Group 3 demon-
strated the highest prevalence (8.82%) compared with 
Group 1 (2.635%) and Group 2 (3.778%) (P < 0.001).

Finally, to avoid selection bias, we further excluded 
individuals with missing values, resulting in a sample 
population with complete data. The characteristics of 
this population are presented in Supplementary Mate-
rial 2. In addition, we performed further testing between 
the included and excluded groups to explore the poten-
tial impact of selection bias on the study results, with the 
findings presented in Supplementary Material 3.

Associations between NPS and stroke prevalence
Weighted logistic regression analyses were performed 
to investigate the relationship between NPS and stroke 
prevalence among the 20,798 participants as shown in 
Fig.  2. The results consistently demonstrated a positive 
association between higher NPS scores and an increased 
odds of stroke. In the unadjusted model, participants in 
group 3 had a 257.3% higher likelihood of experiencing 
a stroke than did those in the reference group (group 1) 
(OR 3.573, 95% CI 2.745–4.652, P < 0.001). After adjust-
ing for gender, age, and race (Model 1), participants in 
Group 3 had a 128.5% higher likelihood of experiencing 
a stroke compared to the reference group (OR 2.285, 95% 
CI 1.732–3.028, P < 0.001). After further adjustment for 

gender, age, race, triglyceride levels, fasting glucose, gly-
cohemoglobin, marital status, PIR, BMI, smoking status, 
education, diabetes, and TYG (Model 2), the association 
remained statistically significant, with participants in 
Group 3 having a 89.1% higher likelihood of experiencing 
a stroke compared to the reference group (OR 1.891, 95% 
CI 1.413–2.531, P < 0.001). Across all the models, group 
3 consistently exhibited a significant positive correlation 
with stroke prevalence when compared to the reference 
group (group 1).

We also conducted weighted logistic regression analy-
sis on individuals with complete data to further investi-
gate the relationship between NPS and stroke, with the 
results presented in Supplementary Material 4. After 
individuals with missing data were excluded, we still 
observed a significant increase in stroke prevalence with 
increasing NPS scores.

Associations between NPS and stroke all‑cause mortality
To further investigate the association between NPS 
and all-cause mortality in stroke patients, we con-
ducted a cohort study. In this cohort study, a total of 
1155 stroke participants with available mortality data 
were included. In the mortality analysis, the follow-
up period began with the initiation of MEC and con-
tinued until December 31, 2019. The total follow-up 
duration ranged from 1 to 156  months. The mean fol-
low-up time was 65.205 months, with a standard devia-
tion of 39.513  months. The median follow-up time was 
57.00 months. A total of 389 individuals (30.032%) expe-
rienced all-cause mortality during the follow-up period. 
The baseline characteristics of the stroke cohort are sum-
marized in Table 3 and Supplement Material 5. Group 3 
exhibited the highest mean age (70.046 ± 10.655  years), 
which significantly exceeded that of the other groups. 

Fig. 2 ORs (95%CIs) of the prevalence of stroke according to the NPS
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In terms of biochemical markers, Group 3 demon-
strated the lowest albumin levels (3.863 ± 0.349  g/dL), 
while triglyceride levels (134.897 ± 74.967  mg/dL) and 
lymphocyte counts (1.606 ± 0.595 ×  103  cells/μL) were 
also markedly lower compared to the other groups. 
Conversely, neutrophil count was highest in Group 3 
(5.255 ± 1.810 ×  103  cells/μL). Regarding diabetes preva-
lence, Group 3 showed a significantly higher proportion 
of affected individuals, reaching 40.115%. Analysis of 
economic status revealed that the proportion of partici-
pants with high income in Group 3 was relatively low, at 
21.107%. For marital status, the percentage of married 
individuals in Group 3 was 50.32%, which was signifi-
cantly lower than that in Group 2. Most notably, Group 
3 exhibited the highest all-cause mortality rate, with only 
59.205% of participants surviving during the follow-up 
period.

The Kaplan–Meier (KM) survival curve (Fig. 3) depicts 
the all-cause mortality rates within the stroke cohort, 
highlighting a notably poorer overall survival in indi-
viduals in group 3. The associations were statistically 
significant, as indicated by the log-rank test (P < 0.001). 

We conducted a stratified analysis of several impor-
tant subgroups via Kaplan–Meier survival curves, and 
the results are shown in Supplementary Material 6. In 
terms of gender, the analysis revealed that females had 
significantly lower survival probabilities than males did 
(log-rank P = 0.005), suggesting that gender may have a 
certain impact on patient survival. Regarding education 
level, the analysis indicated that individuals with at least 
a high school education had a lower survival probabil-
ity than compared to those who did not complete high 
school (log-rank P = 0.038). The analysis of marital status 
did not reveal significant differences (log-rank P = 0.951). 
Groups with a lower poverty index demonstrated a lower 
survival probability (log-rank P = 0.018). Lastly, the analy-
sis of smoking status did not reveal significant differences 
(log-rank P = 0.065).

The results of the weighted Cox proportional haz-
ards regression analysis investigating the association 
between NPS and all-cause mortality in stroke individu-
als are presented in Fig. 4. In the crude model, compared 
to the reference group (Group 1), Group 2 had a 51.4% 
higher risk of all-cause mortality, although this was not 

Table 3 Characteristics of stroke participants

Italicized values indicate statistically significant P-values (e.g., P < 0.05)

Characteristic Total Group1 Group2 Group3 P value
N = 1155 N = 124 (N = 10.736%) N = 691 (N = 59.827%) N = 340 (N = 29.437%)

M ± SD

 Age (years) 66.635 ± 11.335 61.370 ± 11.081 65.909 ± 11.215 70.046 ± 10.655 < 0.001

 Follow-up time (months) 65.205 ± 39.513 81.853 ± 43.527 68.519 ± 38.636 52.267 ± 36.017 < 0.001

Gender, n% < 0.001

 Male 562 (43.373%) 35 (22.944%) 344 (45.781%) 183 (45.591%)

 Female 593 (56.627%) 89 (77.056%) 347 (54.219%) 157 (54.409%)

Marriage, n% 0.008

 Married 551 (52.340%) 54 (40.572%) 337 (55.289%) 160 (50.324%)

 Non-married 604 (47.660%) 70 (59.428%) 354 (44.711%) 180 (49.676%)

PIR, n% 0.046

 Low < 1.3 421 (28.174%) 53 (35.324%) 261 (27.703%) 107 (26.616%)

 Medium1.3 ≥, < 3.5 543 (49.349%) 57 (51.249%) 316 (47.638%) 170 (52.277%)

 High ≥ 3.5 191 (22.477%) 14 (13.427%) 114 (24.659%) 63 (21.107%)

Diabetes, n% < 0.001

 Yes 397 (31.493%) 35 (23.139%) 218 (28.821%) 144 (40.115%)

 No 758 (68.507%) 89 (76.861%) 473 (71.179%) 196 (59.885%)

Quartiles of TYG, n% < 0.001

 Q1 (7.349–8.494) 289 (25.320%) 19 (13.934%) 171 (25.270%) 99 (29.491%)

 Q2 (8.494–8.810) 288 (24.140%) 28 (22.995%) 167 (22.659%) 93 (27.674%)

 Q3 (8.810–9.241) 289 (26.187%) 29 (24.358%) 180 (27.423%) 80 (24.231%)

 Q4 (9.241–13.183) 289 (24.354%) 48 (38.713%) 173 (24.648%) 68 (18.604%)

All-cause mortality < 0.001

 Survival 766 (69.968%) 100 (78.113%) 482 (73.692%) 184 (59.205%)

 Death 389 (30.032%) 24 (21.887%) 209 (26.308%) 156 (40.795%)
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statistically significant (P = 0.096), whereas Group 3 had a 
228.1% higher risk of all-cause mortality (HR 3.281, 95% 
CI 1.978–5.442, P < 0.001), which was statistically signifi-
cant. After adjusting for gender, age, and race in Model 
1, participants in Group 3 had a 96.1% higher risk of all-
cause mortality, which remained statistically significant 
(HR 1.961, 95% CI 1.155–3.325, P = 0.012), while Group 
2 had a 15.0% higher risk, which was not statistically sig-
nificant (P = 0.576). In Model 2, after further adjustments 
for diabetes, marital status, PIR, TYG, and triglycerides, 

participants in Group 3 had a 138.0% higher risk of all-
cause mortality, which remained statistically signifi-
cant and even higher than in Model 1 (HR 2.380, 95% 
CI 1.376–4.119, P = 0.002). However, Group 2 still did 
not demonstrate a significant association with all-cause 
mortality (P = 0.340). Across all the models, the trend 
analysis (P for trend) consistently indicated a significant 
upward trend in all-cause mortality risk with increasing 
NPS group levels. These findings suggest that higher NPS 
scores, particularly in Group 3, are strongly associated 

Fig. 3 Kaplan–Meier survival curve of stroke all-cause mortality

Fig. 4 HRs (95% CIs) of all-cause mortality according to NPS
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with increased all-cause mortality risk, even after com-
prehensive adjustment for potential confounders.

Subgroup analyses
We examined the associations between NPS and the 
prevalence of stroke across various subgroups, including 
gender, race, education level, marriage status, PIR, BMI, 
diabetes status, TYG, and smoking status as demon-
strated in Fig. 5 and Supplement Material 7. The findings 
consistently indicate that individuals in group 3 among 
most of the subgroups have significantly increased odds 
of stroke compared with those in group 1.

Among all the subgroups, the TYG subgroup demon-
strated the most pronounced interaction between NPS 
and stroke prevalence (P for interaction = 0.017). In the 
lowest TYG group (Q1), a significant association was 
observed in both Group 2 (OR 2.122, 95% CI 1.054–
4.273, P = 0.035) and Group 3 (OR 3.248, 95% CI 1.461–
7.219, P = 0.004). Similarly, in the second quartile (Q2), 
a stronger association was found in Group 3 (OR 2.651, 
95% CI 1.502–4.679, P = 0.001), whereas no significant 
association was observed in Group 2 (P = 0.71). For 
the third quartile (Q3), Group 3 continued to show a 
significant association (OR 2.22, 95% CI 1.246–3.956, 
P = 0.007), while Group 2 remained non-significant 
(P = 0.173). Interestingly, in the highest quartile (Q4), 
no significant associations were found across either 
Group 2 (P = 0.342) or Group 3 (P = 0.953). These find-
ings indicate that the relationship between NPS and 
stroke prevalence is more pronounced in individuals 
with moderate TYG levels (Q1–Q3), while the effect 
diminishes at the highest TYG levels (Q4), possibly 

reflecting a saturation effect. The statistically signifi-
cant interaction suggests that TYG levels play a modi-
fying role in the association between NPS and stroke 
prevalence.

To further investigate the associations between NPS 
and all-cause mortality in stroke individuals, subgroup 
analyses were performed based on diverse demographic 
and clinical factors as shown in Fig.  6. The findings 
revealed that group 3 was significantly linked to an ele-
vated mortality risk in most of the subgroups. Notably, 
a high NPS emerged as a consistent and independent 
predictor of all-cause mortality, and was unaffected by 
variables such as gender, educational background, PIR, 
BMI, marriage status, diabetes status, TYG, or smoking 
status, with no significant interaction effects detected 
(P for interaction > 0.05).

Relationship between NPS and its components
The results of the correlation analysis provide insight-
ful relationships among the components contributing 
to NPS, as shown in Supplementary material 8. Specifi-
cally, NPS exhibited moderate negative correlations with 
both Albumin (r = − 0.36) and Cholesterol (r = − 0.43), 
suggesting that higher levels of these biomarkers may 
be associated with lower NPS scores. In contrast, NLR 
showed a moderate positive correlation with NPS 
(r = 0.44), indicating that higher NLR values tend to cor-
respond with higher NPS scores. The LMR, on the other 
hand, presented a strong negative correlation with NPS 
(r = − 0.45), further reinforcing the notion that lower 
LMR levels could be indicative of higher NPS values.

Fig. 5 Subgroup analyses of the association between NPS and stroke prevalence
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Fig. 6 Subgroup analyses of the association between NPS and all-cause mortality
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ROC analysis for stroke prevalence and all‑cause mortality
Receiver operating characteristic (ROC) curve analy-
ses were conducted to evaluate the predictive ability of 
NPS and other biomarkers for stroke prevalence and 
all-cause mortality in stroke patients.

For stroke prevalence, as shown in Fig. 7 and Table 4, 
NPS demonstrated the highest predictive value with 
an AUC of 0.622 and an optimal cutoff value of 1.5. 
In comparison, total cholesterol (AUC = 0.602), albu-
min (AUC = 0.593), LMR (AUC = 0.579), and NLR 
(AUC = 0.578) exhibited relatively lower predictive 
power. Base on the cutoff value of 1.5, we categorized 
NPS ≥ 2 as the threshold for high-risk individuals in 
further discussion.

For all-cause mortality among stroke individuals, as 
shown in Fig.  8 and Table  5, NPS again exhibited the 
highest predictive accuracy with an AUC of 0.610 and 
an optimal cutoff value of 2.5. Other biomarkers, includ-
ing NLR (AUC = 0.603), LMR (AUC = 0.597), cholesterol 
(AUC = 0.558), and albumin (AUC = 0.458), showed com-
paratively lower predictive power. Given this, NPS ≥ 3 
was defined as the high-risk threshold for mortality 
prediction.

Discussion
This study leverages data from the NHANES, which pro-
vides a nationally representative sample of the U.S. pop-
ulation spanning 2007–2018. To our knowledge, this is 

Fig. 7 ROC analysis for stroke prevalence

Table 4 ROC curve analysis of various biomarkers for predicting stroke

AUC Ci1 Ci2 Specificity Sensitivity PPV NPV

Aluminum 0.593 0.576 0.611 0.562 0.564 0.930 0.044

Cholesterol 0.602 0.584 0.620 0.641 0.532 0.920 0.041

NLR 0.578 0.561 0.595 0.577 0.534 0.955 0.070

LMR 0.579 0.561 0.597 0.564 0.551 0.931 0.046

NPS 0.622 0.605 0.638 0.567 0.630 0.963 0.079
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the first comprehensive investigation exploring the rela-
tionships among NPS, stroke prevalence, and all-cause 
mortality. Our study provides some clues supporting the 
use of NPS as a predictor of both stroke prevalence and 
all-cause mortality. The results revealed that the NPS 
outperforms individual inflammatory (NLR, LMR) and 
nutritional (albumin, cholesterol) biomarkers in both 
predictive domains.

NPS is primarily composed of four peripheral blood 
biomarkers: serum albumin, total cholesterol levels, 
NLR, and LMR. Current research widely recognizes NPS 
as a novel and comprehensive index reflecting systemic 
inflammation and nutritional status [26]. Studies on NPS 
to date have predominantly focused on oncology. For 

instance, a large-scale study involving 42,582 partici-
pants from the general population demonstrated a strong 
association between NPS and both cancer incidence and 
prognosis [29]. Similarly, in a cohort of 276 glioblastoma 
(GBM) patients, researchers observed that NPS exhib-
ited superior predictive power compared to other indices 
[30]. Furthermore, studies on triple-negative breast can-
cer (TNBC) have also validated the exceptional prognos-
tic performance of NPS [18].

More recently, the prognostic value of NPS has gained 
recognition in non-cancerous diseases. For example, NPS 
has been identified as an effective predictor of outcomes 
in patients with heart failure [21, 31] and ST-segment 
elevation myocardial infarction (STEMI) [32]. In chronic 

Fig. 8 ROC analysis for all-cause mortality among stroke individuals

Table 5 ROC curve analysis of various biomarkers for predicting all-cause mortality among stroke individuals

AUC Ci1 Ci2 Specificity Sensitivity PPV NPV

Albumin 0.458 0.422 0.494 0.559 0.427 0.658 0.329

Cholesterol 0.558 0.522 0.594 0.557 0.566 0.606 0.284

NLR 0.603 0.568 0.638 0.608 0.550 0.727 0.416

LMR 0.597 0.561 0.632 0.606 0.566 0.579 0.267

NPS 0.610 0.576 0.643 0.760 0.401 0.714 0.459
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pulmonary diseases, studies have similarly revealed that 
individuals with higher NPS scores were at an increased 
risk of developing asthma, chronic bronchitis, and res-
piratory symptoms, including sputum production, 
wheezing, and exertional dyspnea [33]. Collectively, these 
findings highlight the broad applicability and potential 
value of NPS as a predictive tool.

Our research revealed that a higher score of NPS is 
strongly associated with increased morbidity and all-
cause mortality in stroke individuals, which may be 
closely linked to the systemic inflammatory response and 
the individual’s nutritional condition. Atherosclerosis, a 
primary cause of stroke, is heavily influenced by inflam-
mation, which acts as a crucial driver in the formation 
and progression of atherosclerotic plaques. Upon the 
occurrence of a stroke, blood supply to specific regions 
of the brain is disrupted, leading to a hypoxic environ-
ment. Without adequate blood perfusion, the affected 
brain tissue undergoes ischemic necrosis. Necrotic and 
dying cells release damage-associated molecular patterns 
(DAMPs), which activate immune cells and trigger the 
release of proinflammatory cytokines and chemokines 
[34]. Neutrophils are among the earliest immune cells 
infiltrating the brain during the stroke cascade. The reac-
tive oxygen species (ROS) they generate not only impede 
the formation of new blood vessels and repair mecha-
nisms but also promote neuronal death, hindering func-
tional recovery [27]. In addition, the acute inflammatory 
response triggered by stroke leads to the recruitment and 
activation of monocytes, which secrete inflammatory 
cytokines and chemokines that contribute to the neural 
repair process. However, excessive monocyte activation 
may lead to further damage to neural tissue [35, 36].

Moreover, alterations in the function and number of 
lymphocyte subpopulations, including T cells and B cells, 
may significantly influence the degree of neural damage 
and the subsequent repair processes following a stroke. 
For example, both CD4+ and CD8+ T cells are involved 
in the inflammatory response and neural injury, while 
also playing a role in the repair process. Although an 
exaggerated inflammatory response can exacerbate neu-
ral damage, a balanced immune reaction may facilitate 
recovery [37, 38].

Malnutrition, such as deficiencies in albumin, fatty 
acids, and essential vitamins, has a detrimental impact 
on the cardiovascular system, thereby elevating the risk 
of stroke. As a result, adequate nutritional intervention 
plays a critical role in enhancing stroke prognosis by mit-
igating inflammation and promoting recovery [39, 40].

From the perspective of NPS, NLR and LMR serve 
as key markers of systemic inflammation and immune 
imbalance according to multiple studies. A Chinese study 
based on 408 cases of stroke induced by atrial fibrillation 

indicated that NLR and LMR are independent prognostic 
factors for ischemic stroke patients’ outcomes [41]. Addi-
tionally, a prospective study based on the UK Biobank, 
which analyzed data from 6020 participants and adjusted 
for multiple covariates, revealed a linear negative corre-
lation between LMR and stroke participants, while NLR 
showed a positive correlation. Specifically, when LMR 
was less than 4 (HR 1.14, 95% CI 1.01–1.29, P = 0.03), the 
risk of all-cause mortality increased by 14%, and when 
NLR was ≥ 2 (HR 1.26, 95% CI 1.11–1.43, P < 0.001), the 
risk of all-cause mortality increased by 26% [42]. Fur-
thermore, a retrospective study demonstrated that NLR 
and LMR are closely associated with early neurological 
deterioration (END) after thrombolysis in acute stroke 
patients, suggesting that they can serve as critical prog-
nostic indicators for stroke patients [43]. These findings 
are closely aligned with the baseline results of our study, 
further supporting the significant role of systemic inflam-
mation biomarkers in stroke prognosis.

NLR serves as a marker of systemic inflammatory 
response, and its elevation is closely associated with 
endothelial cell injury. Studies have shown that inflam-
matory responses can exacerbate endothelial cell dam-
age, leading to vascular wall instability and subsequently 
increasing the risk of thrombosis [44, 45]. Moreover, 
elevated NLR is closely related to atherosclerosis, which 
predisposes individuals to stroke. LMR, on the other 
hand, is an important marker of immune system balance. 
Low levels of LMR may indicate an imbalance between 
lymphocytes and monocytes, which promotes excessive 
inflammatory and immune responses, thus exacerbating 
endothelial cell damage, facilitating thrombosis, and con-
tributing to atherosclerosis, further increasing the risk of 
stroke [46, 47].

On the other side of NPS, serum albumin and total 
cholesterol levels are widely recognized as key indica-
tors reflecting the nutritional status of the organism. 
Stroke can lead to acute cerebral dysfunction, present-
ing with symptoms such as hemiplegia, aphasia, and dys-
phagia. These clinical manifestations can significantly 
impair the patient’s appetite and food intake, ultimately 
leading to malnutrition [48–50]. For instance, dyspha-
gia hinders normal eating, preventing adequate nutri-
tion intake. Hemiplegia, by causing limb dysfunction, 
affects the patient’s ability to feed themselves and per-
form daily activities, thereby resulting in insufficient 
caloric and nutritional intake [51, 52]. Malnutrition, par-
ticularly hypoalbuminemia, leads to a marked decline in 
immune function, thereby increasing the susceptibility to 
post-stroke infections [53, 54]. Furthermore, hypoalbu-
minemia may compromise vascular elasticity, disrupting 
cerebral blood flow stability, elevating the risk of cerebro-
vascular events. During the post-stroke recovery period, 
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the overall nutritional status is vital for brain repair, as 
nutritional levels are closely associated with the recovery 
of brain function [55].

Low serum albumin levels are typically associated with 
malnutrition, inflammatory responses, and impaired liver 
function. A decrease in serum albumin reduces vascular 
wall elasticity and increased vascular permeability and 
promotes edema and tissue damage [56, 57]. Prolonged 
low albumin levels may also impair immune function, 
increasing the vulnerability of cerebral blood vessels and 
the risk of stroke. Low cholesterol levels are linked to 
metabolic disorders, hormonal imbalances, and malnu-
trition, which may weaken the stability of cerebral blood 
vessels. Additionally, low cholesterol may affect the integ-
rity and repair capacity of cell membranes, resulting in 
damage to the structure and function of cerebral blood 
vessels, thereby increasing the risk of stroke [20, 58].

Therefore, formulating targeted therapeutic interven-
tions based on stroke risk factors and individual patient 
conditions could significantly improve outcomes. Early 
rehabilitation and physical therapy interventions can 
enhance motor function, reduce disability, and improve 
the quality of life for stroke patients [59]. Initiating early 
physical rehabilitation programs, including task-oriented 
training and mobilization exercises, can reduce the 
degree of hemiplegia and improve overall motor recov-
ery [60, 61]. Moreover, a comprehensive stroke manage-
ment plan, which includes mental health support and 
stroke education, can address cognitive impairments and 
psychological challenges faced by patients, contributing 
positively to long-term recovery and well-being [62].

Moreover, in this study, we analyzed the relationship 
between NPS and stroke prevalence across different 
subgroups. Particularly in the TYG subgroup, a signifi-
cant interaction between NPS and stroke prevalence was 
observed. TYG is an index derived from triglyceride and 
fasting glucose levels, widely used to assess insulin resist-
ance and metabolic syndrome [63]. Insulin resistance is 
a major risk factor for stroke, cardiovascular diseases, 
and other chronic conditions [64–66]. It contributes to 
inflammation, endothelial dysfunction, and disturbed 
lipid metabolism, which increases the risk of atheroscle-
rosis and stroke [67]. On the other hand, NPS integrates 
markers of inflammation and nutritional status, provid-
ing a comprehensive reflection of systemic inflammation 
and nutritional status. Previous studies have indicated 
a close link between systemic inflammation and insulin 
resistance, and both contribute to the progression of ath-
erosclerosis [68, 69].

In our analysis, we found that TYG levels significantly 
modified the relationship between NPS and stroke preva-
lence, especially in the lower to moderate TYG quar-
tiles (Q1–Q3). We hypothesize that as insulin resistance 

worsens, it may enhance the inflammatory response, thus 
exacerbating the effects of NPS and further increasing 
stroke risk. This mechanism could be mediated through 
the upregulation of inflammatory markers (such as NLR 
and LMR) and the reduction of beneficial nutritional 
factors (like albumin). In contrast, at higher TYG levels 
(Q4), the impact of this interaction diminishes, possibly 
due to a saturation effect of both metabolic and inflam-
matory processes.

We suggest that TYG, as a marker of insulin resist-
ance, interacts with NPS, which reflects inflammation 
and nutritional status, to better explain stroke risk. Clini-
cally, measuring both TYG and NPS could provide a 
multifaceted risk assessment tool to identify individuals 
at high risk for stroke and guide personalized treatment 
strategies.

Our study demonstrated that the NPS is significantly 
associated with both the prevalence and severity of 
stroke, as well as all-cause mortality among stroke indi-
viduals. The NPS is a comprehensive tool that effectively 
reflects the complex association between inflamma-
tion, immune response, and malnutrition, particularly 
in stroke individuals. Our findings are consistent with 
previous research, further highlighting the critical role 
of systemic inflammation and nutritional status in stroke 
prognosis.

The NPS can serve as an effective tool for risk strati-
fication and prognosis assessment, helping to identify 
high-risk stroke populations early and enabling person-
alized management of stroke patients. Comprehensive 
interventions targeting inflammation levels and nutri-
tional status in stroke patients can significantly improve 
their prognosis. Additionally, community-based screen-
ing programs can utilize NPS for initial risk stratification, 
providing a scientific foundation for resource allocation 
and the prioritization of health interventions.

For stroke prevalence, the AUC value was 0.622, 
and for all-cause mortality, the AUC value was 0.610, 
indicating that the NPS model has moderate pre-
dictive ability. While this result is promising, it also 
reflects that the model still has limitations in accu-
rately distinguishing between individuals at risk and 
those not at risk. Although the model can provide an 
initial reference for risk assessment, its clinical appli-
cation requires further validation and optimization 
to improve its predictive accuracy and broader appli-
cability. In clinical terms, this moderate AUC value 
underscores the necessity of complementing the NPS 
with additional biomarkers or clinical assessments to 
improve its predictive accuracy. However, despite its 
moderate AUC, the NPS can still serve a role in early 
risk stratification, especially when combined with 
other screening tools. The clinical utility of the NPS 
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in primary prevention strategies lies in its potential to 
prioritize further diagnostic testing for high-risk indi-
viduals, thereby optimizing resource allocation. The 
model’s performance could also be enhanced through 
future validation studies, which could explore the 
incorporation of more diverse datasets and consider 
longitudinal outcomes to refine the model’s clinical 
applicability.

Although this study has certain strengths, it also 
has some limitations that need further discussion and 
acknowledgment. Firstly, NHANES data primarily 
hinges upon self-reports from participants, which may 
result in recall bias and affect the accuracy of the data. 
To better address this limitation in future research, 
we recommend the inclusion of objective measures, 
such as imaging-confirmed stroke diagnoses. While we 
employed robust statistical techniques to address miss-
ingness, we acknowledge that some degree of bias may 
still exist, particularly if certain variables were missing 
not at random. To further strengthen the validity of 
our findings, future studies should consider enhanced 
study designs or incorporate external validation data-
sets. Secondly, although the study has controlled for 
known potential confounders such as age, gender, 
and smoking status, there may still be unmeasured or 
unknown confounding factors such as dietary habits 
[70], physical activity [71], and medication adherence 
[72]. Furthermore, the study data is primarily based on 
the U.S. population, which may limit its external valid-
ity, particularly in economically underdeveloped coun-
tries or other cultural contexts. Future studies could 
aim to replicate our findings in more diverse popula-
tions to assess the robustness and applicability of the 
NPS across different demographic groups and health-
care systems. Last but not the least, the cross-sectional 
design of NHANES limits the ability to establish cau-
sality between NPS and stroke outcomes. Cross-sec-
tional studies capture data at a single point in time, 
which means they cannot reveal the temporal causal-
ity between variables. Therefore, although our study 
shows significant associations between NPS and stroke 
prevalence and mortality, we cannot establish whether 
these associations are causal. To better understand 
the role of NPS in predicting stroke risk, future pro-
spective or longitudinal studies should be conducted. 
In conclusion, the limitations of this study suggest 
that future research should focus on incorporating 
diverse data sources, better controlling for potential 
confounders, and using longitudinal designs or rand-
omized controlled trials to verify both correlations and 
causations. These steps will help improve the scientific 
validity and applicability of research conclusions.

Conclusion
Our findings support the clinical utility of NPS as a pre-
dictor for both stroke prevalence and all-cause mortal-
ity, and suggest that it may serve as a valuable tool for 
risk stratification in stroke prevention and long-term 
prognosis. For primary prevention, an NPS ≥ 2 may 
help identify high-risk individuals, whereas for post-
stroke mortality risk, an NPS ≥ 3 serves as an effective 
prognostic threshold. Future studies should validate 
these findings in prospective cohorts and explore how 
the NPS can be integrated with existing clinical risk 
models to increase predictive accuracy and guide per-
sonalized treatment strategies.
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