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Predictive role of the dietary
inflammatory index on stroke risk
among hypertensive patients

Jingru Fan3:5, Yane Yang?®, Yunjie Yang®, Dewei Rui®*®, Shunqi Guo3, Meiju Li?,
Yibing Wang?, Yingqing Feng®** & Chuanwei Zhao?**

This study aims to evaluate the association between the dietary inflammatory index (DII) and stroke
risk in hypertensive patients. Data were sourced from the National Health and Nutrition Examination
Survey (NHANES) spanning 1999-2020, including 23,712 hypertensive patients. DIl scores were
calculated based on dietary intake data, and stroke diagnoses were determined through self-reported
physician diagnoses. The relationship between DIl and stroke risk was assessed using multivariable
logistic regression models. Dose-response relationships and subgroup differences were explored
through stratified analysis and restricted cubic spline (RCS) methods. Key dietary factors associated
with stroke were identified using least absolute shrinkage and selection operator (LASSO) regression
and incorporated into a risk prediction nomogram model. The model’s discriminatory ability for stroke
was evaluated using receiver operating characteristic (ROC) curves. After adjusting for confounding
factors, the highest DII quartile was associated with an adjusted odds ratio (OR) of 1.44 (95% Cl 1.19,
1.74) for stroke compared to the lowest quartile, and each unit increase in DIl was associated with

an OR of 1.08 (95% Cl 1.04-1.13) for stroke prevalence. The RCS curve demonstrated a nonlinear
relationship between DIl and stroke, with a turning point at 0.29. The nomogram model based on key
dietary factors identified by LASSO regression had an area under the curve (AUC) of 70.93% (95% ClI
69.81%-72.06%). There is a nonlinear relationship between DIl and stroke risk in hypertensive patients.
Given the inherent limitations of a cross-sectional study design, further research is needed to establish
causality.
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LASSO Least absolute shrinkage and selection operator
LDL-C Low-density lipoprotein cholesterol

NCHS National Center for Health Statistics

NHANES  National Health and Nutrition Examination Survey
OR Odds ratio

PIR Poverty income ratio

RCS Restricted cubic splines

ROC Receiver operating characteristic

SBP Systolic blood pressure

SCR Serum creatinine

SE Standard error

TC Total cholesterol

TG Triglycerides

TNF-a Tumor necrosis factor-alpha

Hypertension affects over 1.13 billion people worldwide and is a significant contributor to cardiovascular
diseases (CVD) such as stroke, heart failure, and myocardial infarction!. Effective management of hypertension
is crucial for reducing these conditions. Stroke, which results from a disruption in the brain’s blood supply, can
be ischemic (due to blood clots) or hemorrhagic (due to ruptured blood vessels). It is a leading cause of death
and long-term disability globally, placing substantial burdens on individuals, families, and healthcare systems?.
Survivors often face pronounced physical and cognitive impairments, increasing healthcare costs and reducing
quality of life*. Recognizing and addressing modifiable risk factors, such as diet, is essential for stroke prevention.

Diet plays a critical role in cardiovascular health, significantly influencing the risk of developing CVD. Poor
dietary habits—such as high intake of saturated fats, trans fats, and refined sugars—can lead to atherosclerosis,
hypertension, and obesity, all major risk factors for CVD* Conversely, diets rich in fruits, vegetables, whole
grains, and healthy fats, such as the Mediterranean diet, have been shown to reduce cardiovascular risk’.
Inflammation is a key factor in the development and progression of CVD. Chronic systemic inflammation
contributes to the pathogenesis of atherosclerosis, causing plaque formation and instability, which can result in
heart attacks and strokes. Biomarkers such as C-reactive protein (CRP) and interleukin-6 (IL-6) are commonly
used to measure systemic inflammation®, and elevated levels of these markers are associated with an increased
risk of cardiovascular events’.

The dietary inflammatory index (DII) is a tool designed to assess the inflammatory potential of an individual’s
diet by evaluating the intake of various dietary components known to influence inflammation. It assigns scores
to these components, with higher scores indicating a pro-inflammatory diet and lower scores reflecting an anti-
inflammatory diet. The DII was developed through an extensive literature review to identify dietary factors that
affect inflammatory markers, followed by validation studies to ensure its reliability and accuracy®. Research has
established a strong link between the DII and multiple health outcomes. High DII scores have been associated
with increased inflammatory markers and higher risk of chronic diseases such as diabetes, cancer, and CVD’.
Specific studies have demonstrated that diets with high inflammatory potential, as indicated by higher DII
scores, are associated with greater risk of cardiovascular events, including myocardial infarction and stroke!.
These findings suggest that the DII may serve as a valuable indicator of diet-related inflammation, which, when
combined with other clinical and dietary factors, could contribute to the overall risk assessment of CVD in at-
risk populations.

While existing studies highlight the link between dietary inflammation and CVD, comprehensive research on
the specific impact of the DII on stroke risk in hypertensive patients remains limited. Therefore, we aim to address
this gap by examining the association between DII and stroke risk in hypertensive patients. Understanding this
relationship is vital for developing effective preventive strategies. This study’s primary objective is to investigate
the association between DII and stroke risk, with secondary objectives to assess the predictive value of DII and
develop a predictive model. We hypothesize that higher DII scores are associated with increased stroke risk, and
that this association remains significant after adjusting for confounding factors.

Methods

Study design and population

The National Health and Nutrition Examination Survey (NHANES) is a nationally representative survey of
the U.S. population that employs a complex, stratified, multistage probability design. It includes household
interviews, physical examinations conducted either at home or in mobile examination centers (MECs), and
laboratory tests. The survey is conducted biennially, and its detailed sampling and data collection procedures
have been previously published. NHANES is administered by the National Center for Health Statistics (NCHS)
of the Centers for Disease Control and Prevention, with approval from the NCHS Institutional Review Board;
all participants provided written informed consent!!. This study adheres to ethical protocols #98-12, #2005-06
(and their continuations), as well as #2011-17 (and its continuation). The NHANES data used in this analysis are
publicly available at https://www.cdc.gov/nchs/nhanes.

This study is a national cross-sectional analysis focusing on respondents with hypertension from the
NHANES surveys conducted between 1999 and 2020. Hypertension is defined as a systolic blood pressure
(SBP) = 140 mmHg and/or a diastolic blood pressure (DBP) > 90 mmHg, the use of antihypertensive medication,
or a self-reported diagnosis of hypertension'?. After excluding individuals under 18 years of age, those without
hypertension, and participants with missing DII, weight, or stroke data, a total of 23,712 hypertensive individuals
from the NHANES dataset were included in this analysis (Fig. 1).
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Fig. 1. Study cohort.

Definition of DII

The DIlisatool designed to assess the inflammatory potential of an individual’s diet by evaluating the consumption
of various dietary components and their established relationships with inflammatory biomarkers. The DII was
developed through an extensive review of scientific literature, which identified 45 food parameters—including
nutrients, flavonoids, and food groups—that influence inflammation'?. Dietary data from NHANES participants
were obtained via 24-h dietary recalls, providing detailed information on all foods and beverages consumed on
the previous day. Each food parameter was assigned an inflammatory score based on its effect on biomarkers
such as CRP, IL-6, and tumor necrosis factor-alpha (TNF-a). The overall DII score for each participant was
calculated by summing the standardized scores of these parameters, with higher scores indicating a more pro-
inflammatory diet and lower scores indicating an anti-inflammatory diet'“. In this study, the DII was calculated
using 25 specific nutrients: carbohydrates, vitamins B12, D, iron, vitamin E, protein, cholesterol, magnesium,
vitamin B2, folic acid, caffeine, niacin, zinc, polyunsaturated fats (PUFAs), vitamin A, alcohol, monounsaturated
fats (MUFASs), selenium, dietary fiber, vitamin B1, total fat, vitamin C, saturated fat, energy, and vitamin B6.
Notably, the DII calculation remains accurate and feasible even when fewer than 30 nutrients are included?.

Diagnosis of stroke

The diagnosis of stroke in this study was based on participants’ responses to a self-administered questionnaire
during NHANES data collection. Specifically, participants were asked, “Has a physician or other health
professional ever told you that you had a stroke?” Based on their responses, individuals were classified into
either the “Stroke” or “non-Stroke” group.

Covariates

Race/ethnicity was categorized according to the survey design into Mexican American, Non-Hispanic Black,
Non-Hispanic White, and Other Race. Educational level was dichotomized into “high school or above” and “less
than high school” Marital status was classified as either “married” or “other” The poverty income ratio (PIR) is
an index of income relative to the federal poverty line, adjusted for economic inflation and family size. Smoking
status was categorized as never, former, or current smokers, and alcohol consumption was divided into five
levels—never, former, mild, moderate, and heavy—based on daily intake and the frequency of binge drinking'®.
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Data on smoking, alcohol consumption, history of diabetes, history of coronary heart disease (CHD),
and medication use were obtained via self-reported questionnaires. Blood pressure, weight, and height were
measured using standard procedures at mobile examination centers, with body mass index (BMI) calculated
as weight divided by height squared. Clinical indicators—including fasting plasma glucose (FPG), alanine
aminotransferase (ALT), aspartate aminotransferase (AST), serum creatinine (SCR), triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol
(LDL-C)—were measured in NHANES laboratories. Estimated glomerular filtration rate (¢GFR) was calculated
using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula'®.

Statistical analysis

NHANES is a multistage, stratified, probability-based survey that oversamples certain groups'’. To account
for unequal selection probabilities and non-response, all respondent data were weighted using NHANES-
recommended weights. Continuous variables are presented as mean + standard deviation (SD) and compared
using the student’s t-test, while categorical variables are expressed as frequencies (percentages) and compared
using the chi-square test. DII scores were divided into four quartiles (Q1: DII <0.43; Q2: 0.43<DII<1.95; Q3:
1.95<DII<3.09; Q4: DII > 3.09), with the first quartile (Q1) serving as the reference.

Multivariable logistic regression models were used to assess the association between DII and stroke among
hypertensive patients while adjusting for potential confounders. The analysisincluded demographic characteristics
and traditional risk factors associated with both DII and stroke. Odds ratios (ORs) were calculated using three
models: an unadjusted model (Model 1), a model adjusted for age, sex, race, education level, marital status, and
PIR (Model 2), and a fully adjusted model (Model 3) that further included smoking status, alcohol use, diabetes,
CHD, eGFR, ALT, TG, TC, HDL-C, LDL-C, BMI, and the use of antihypertensive drugs, hypoglycemic agents,
lipid-lowering drugs, and antiplatelet drugs. Additionally, restricted cubic splines (RCS) regression with three
knots was applied to examine the nonlinear relationship between DII and stroke among hypertensive patients.
Subgroup analyses were also conducted based on clinical characteristics—including sex, age, race, BMI, smoking
status, alcohol consumption, diabetes, and CHD—with interaction P-values calculated for these groups.

To identify the most significant dietary predictors of stroke and address multicollinearity among variables,
we employed the Least Absolute Shrinkage and Selection Operator (LASSO) regression model. In this model,
coefficients of variables contributing minimally to the overall model are shrunk to zero, thereby enhancing
predictive performance'®. Cross-validation was used to evaluate model performance and optimize parameter
selection, dividing the dataset into 10 subsets and iteratively training and testing the model. We selected a A value
slightly larger than the X with the minimum deviation observed during cross-validation to stabilize the model,
prevent overfitting, and improve its generalizability to new data. Furthermore, we developed a risk prediction
nomogram based on several key stroke-related variables, and its discriminatory ability to predict stroke risk was
validated using receiver operating characteristic (ROC) curves. All statistical analyses were performed using
R software version 4.4.1 (http://www.R-project.org, R Foundation for Statistical Computing, Vienna, Austria).
Missing covariate data were addressed using multiple imputation methods specifically designed for survey
datasets!. Statistical significance was defined by a two-tailed P-value of less than 0.05.

Results

Baseline characteristics of study participants

The baseline characteristics of the 23,712 respondents, categorized by stroke status, are summarized in Table 1.
Compared to non-stroke participants, those with a history of stroke were older, more likely to be female, and
more often Non-Hispanic White. Additionally, stroke participants had higher prevalences of diabetes and CHD
and were more likely to be smokers and alcohol users. They also exhibited lower levels of eGFR, ALT, AST, TG,
TC, HDL-C, and LDL-C, but higher levels of FPG, SCR, and DII scores. With the exception of BMI, all these
differences were statistically significant (P <0.05).

Association between DII and stroke prevalence

Logistic regression analysis revealed a significant association between higher DII levels and increased stroke
prevalence among hypertensive patients (Table 2). Compared to the Q1 group, the Q4 group had significantly
higher odds of stroke, with ORs (95% Cls) 0of 2.05 (1.71-2.46), 1.65 (1.36-1.99), and 1.44 (1.19-1.74) in Models 1,
2, and 3, respectively, with trend P-values of less than 0.0001 across all models. Moreover, the continuous model
indicated that each unit increase in DII was associated with an OR of 1.08 (1.04-1.13) for stroke prevalence after
adjusting for confounders (P <0.001). These findings underscore the significant impact of dietary inflammation
on stroke risk.

Using logistic regression models with RCS functions, we further examined the relationship between DII and
stroke prevalence among hypertensive patients. A nonlinear dose-response relationship was observed (nonlinear
P<0.001, Fig. 2), with an inflection point at a DII of 0.29. Below this threshold, DII was not significantly
associated with stroke prevalence (P=0.84, OR=1.02, 95% CI=0.84-1.23). However, above this threshold,
each unit increase in DII corresponded to a 17% increase in stroke prevalence (OR=1.17, 95% CI=1.09-1.25,
P <0.0001) after adjustment for various factors.

Stratified analyses

Multivariable logistic regression analysis, adjusting for potential confounders, was used to explore the association
between DII and stroke within subgroups defined by age, sex, BMI, race, smoking status, alcohol consumption,
diabetes, and CHD (Fig. 3). In most subgroups, an increase in DII was associated with higher ORs for stroke,
ranging from 1.062 to 1.156 per unit increase in DII. However, this association was not statistically significant
(P>0.05) among participants under 60 years old, males, Mexican Americans, individuals with BMI>30 kg/m?,
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Overall Non-stroke Stroke
Characteristics (n=23,712) (n=21,842) (n=1870) P value
Age, years 57.16+£0.21 56.55+0.21 66.35+0.44 <0.0001
Sex, n (%) <0.001
Female 12,068 (50.82) | 11,118 (50.47) | 950 (55.97)
Male 11,644 (49.18) | 10,724 (49.53) | 920 (44.03)
Race, n (%) <0.001
Mexican American 3129 (5.51) 2949 (5.58) 180 (4.48)
Non-Hispanic Black 6354 (13.77) 5794 (13.53) 560 (17.35)
Non-Hispanic White 10,632 (69.78) | 9744 (69.91) 888 (67.84)
Other Race 3597 (10.94) | 3355 (10.98) | 242 (10.33)
Education level, n (%) <0.0001
High school or above 16,873 (80.79) | 15,654 (81.31) | 1219 (72.94)
Less than High School 6839 (19.21) 6188 (18.69) 651 (27.06)
Marital status, n (%) <0.0001
Married 10,677 (50.89) | 9950 (51.38) 727 (43.61)
Other 13,035 (49.11) | 11,892 (48.62) | 1143 (56.39)
Smoking, n (%) <0.001
Never 11,881 (49.41) | 11,116 (49.85) | 765 (42.90)
Former 7432 (31.62) | 6727 (31.40) | 705 (34.99)
Now 4399 (18.96) 3999 (18.75) 400 (22.11)
Alcohol use, n (%) <0.0001
Never 3715 (12.74) | 3384 (12.36) | 331 (18.42)
Former 4923 (18.26) 4360 (17.62) 563 (27.78)
Mild 8417 (37.54) 7834 (37.84) 583 (33.02)
Moderate 3057 (14.64) | 2867 (14.93) | 190 (10.33)
Heavy 3600 (16.82) 3397 (17.25) 203 (10.45)
PIR 2.93+0.03 2.97+0.03 2.29+0.06 <0.0001
BMI, kg/m? 30.85+0.08 30.88+0.08 30.49+0.23 | 0.11
eGFR, mL/min/1.73m? 84.27+0.29 85.24+0.29 69.86+0.75 <0.0001
FPG, mg/dL 115.31+0.35 114.77£0.35 123.37+1.73 | <0.0001
ALT, U/L 26.28+0.21 26.57+0.23 22.02+0.36 <0.0001
AST, U/L 25.97+0.14 26.11+£0.15 23.94+0.30 <0.0001
SCR, mg/dL 0.95+0.00 0.94+0.00 1.11£0.02 <0.0001
TG, mg/dL 203.50+1.89 |204.44+£1.96 189.43+5.81 | 0.01
TC, mg/dL 199.13+0.49 199.89+0.50 187.82+1.66 | <0.0001
HDL-C, mg/dL 52.29+0.18 52.40+0.18 50.70+0.55 | 0.002
LDL-C, mg/dL 106.59+0.39 107.05£0.40 | 99.67£1.36 <0.0001
DII 1.51£0.02 1.48+0.02 1.97£0.06 <0.0001
DM, n (%) <0.0001
No 16,584 (75.21) | 15,517 (76.35) | 1067 (58.25)
Yes 7128 (24.79) | 6325 (23.65) | 803 (41.75)
CHD, n (%) <0.0001
No 21,818 (92.52) | 20,302 (93.47) | 1516 (78.43)
Yes 1894 (7.48) 1540 (6.53) 354 (21.57)
Antihypertensive drugs, n (%) <0.0001
No 8244 (38.01) 7949 (39.53) 295 (15.52)
Yes 15,468 (61.99) | 13,893 (60.47) | 1575 (84.48)
Hypoglycemic agents, n (%) <0.0001
No 18,963 (83.81) | 17,660 (84.69) | 1303 (70.72)
Yes 4749 (16.19) 4182 (15.31) 567 (29.28)
Lipid lowering drugs, n (%) <0.0001

Continued
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Overall Non-stroke Stroke
Characteristics (n=23,712) (n=21,842) (n=1870) P value
No 15,874 (68.03) | 15,024 (69.70) | 850 (43.15)
Yes 7838 (31.97) | 6818 (30.30) | 1020 (56.85)
Antiplatelet drugs, n (%) <0.0001
No 22,292 (95.15) | 20,869 (96.47) | 1221 (65.29)
Yes 1420 (4.85) 973 (3.53) 649 (34.71)

Table 1. Weighted baseline characteristics of study population Continuous measures are presented as
mean + standard deviation (SD) Categorical variables are presented as weighted percentages PIR, Poverty
Income Ratio; BMI, Body Mass Index; eGFR, Estimated Glomerular Filtration Rate; FPG, Fasting Plasma
Glucose; ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; SCR, Serum Creatinine; TG,
Triglycerides; TC, Total Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; LDL-C, Low-Density
Lipoprotein Cholesterol; DII, Dietary Inflammatory Index; DM, Diabetes Mellitus; CHD, Coronary Heart

Disease
Model 1 Model 2 Model 3

Characteristic | OR (95%CI) P OR (95%CI) P OR (95%CI) P

DII 1.17 (1.12,1.21) | <0.0001*** | 1.12 (1.07,1.16) | <0.0001*** | 1.08 (1.04,1.13) | <0.001***
Q1 Reference - Reference - Reference -

Q2 1.11 (0.89,1.39) | 0.35 1.01 (0.81,1.27) | 0.91 1.00 (0.80,1.26) | 0.99

Q3 1.48 (1.22,1.80) | <0.001*** 1.27 (1.04,1.56) | 0.02* 1.17 (0.95,1.45) | 0.15

Q4 2.05(1.71,2.46) | <0.0001*** | 1.65 (1.36,1.99) | <0.0001*** | 1.44 (1.19,1.74) | <0.001***
p for trend <0.0001*** <0.0001%** <0.0001%**

Table 2. Weighted logistic regression analysis of the association between DII and stroke prevalence in
hypertensive patients Identified using multivariate logistic regression analysis Model 1: Unadjusted Model
2: Adjusted for age, sex, race, education level, marital status, and PIR Model 3: Further adjusted for smoking
status, alcohol use, DM, CHD, eGFR, ALT, TG, TC, HDL-C, LDL-C, BMI, use of antihypertensive drugs,
hypoglycemic agents, lipid-lowering drugs, and antiplatelet drugs, building on Model 2 *P value <0.05, **P
value<0.01, ***P value <0.001

log odds

25 00 0.29 25 5.0
DIl

Fig. 2. RCS analysis of the association between DII and stroke in hypertensive patients.
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Subgroups OR (95% CI) P-value
Age P for interaction = 0.664
<60y T 1.082 (0.994,1.177)  0.069
>=60y —— 1.09 (1.036,1.146) 0.001
Sex P for interaction = 0.399
Female e 1.109 (1.043,1.179)  0.001
Male T 1.054 (0.992,1.121)  0.091
Race P for interaction = 0.848
Mexican American ® 1.156 (0.987,1.353) 0.071
Non-Hispanic Black U 1.116 (1.042,1.196)  0.002
Non-Hispanic White —— 1.062 (1.006,1.122)  0.03
Other Race ' 1.136 (1.006,1.282)  0.04
BMI P for interaction = 0.364
<30 kg/m? —— 1.107 (1.05,1.168) <0.001
>=30 kg/m? H—&— 1.061 (0.989,1.137)  0.098
Smoking P for interaction = 0.226
Never —e— 1.064 (0.997,1.137)  0.063
Former —— 1.077 (1.006,1.154)  0.034
Now L ® 1.152 (1.049,1.265)  0.003
Alcohol use P for interaction = 0.153
Never —_———— 1.103 (1.012,1.201)  0.026
Former ® 1.156 (1.002,1.334)  0.047
Mild H——0o— 1.067 (0.987,1.154)  0.103
Moderate ' O 1.178 (1.047,1.326)  0.007
Heavy —fo— 1.013 (0.925,1.11) 0.778
DM P for interaction = 0.464
No —_ 1.065 (1.012,1.121)  0.016
Yes —e—1 1.118 (1.045,1.196)  0.001
Coronary heart disease P for interaction = 0.571
No —C— 1.085 (1.038,1.134)  <0.001
Yes - 1.063 (0.961,1.176) 0.233
0.8 0.9 1 1.1 1.2 13 1.4

Fig. 3. Stratified analysis of the association between DII and stroke risk in hypertensive participants: adjusted
for model 3 covariates, excluding hypoglycemic agents.

never smokers, mild and heavy drinkers, and those with CHD. Furthermore, no significant interactions were
observed across the subgroups (P >0.05). These results indicate that a higher DII is a significant risk factor for
stroke, independent of age, sex, BMI, race, smoking status, alcohol consumption, diabetes, and CHD.

Identifying key dietary components influencing stroke risk

This study employed LASSO regression to identify the dietary components within the DII that most significantly
affect stroke risk in hypertensive patients. LASSO regression improves upon ordinary least squares regression by
incorporating an L1 regularization term, which shrinks some coefficients to zero, thereby effectively selecting the
most important features. This method helps prevent overfitting, enhances the model’s generalizability, and aids in
identifying dietary parameters closely associated with stroke (Fig. 4). Specifically, LASSO regression minimizes a
combination of the loss function and the L1 regularization term, forcing some coefficients to zero and excluding
the corresponding features (Fig. 4A). To validate the model’s stability, cross-validation was performed (Fig. 4B).
Initially, variables that were significant in Model 3 (age, PIR, smoking, DM, CHD, eGFR, ALT, antihypertensive
drugs, lipid-lowering drugs, and antiplatelet drugs) along with 26 dietary components were included in the
model. Through LASSO regression, 12 variables with non-zero coefficients were identified to construct the risk
prediction nomogram: age, PIR, eGFR, protein intake, dietary fiber, total saturated fat, vitamin A, beta-carotene,
total folate, vitamin D, selenium, and alcohol. Ultimately, the final model was based on six variables that were
statistically significant predictors of stroke risk: age, PIR, eGFR, dietary fiber, total saturated fat, and total folate.
The model’s predictive performance for stroke was validated using ROC curve analysis, demonstrating high
predictive accuracy (Area Under the Curve, AUC =70.93%, 95% CI 69.81%-72.06%) (Fig. 5).
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Fig. 4. LASSO penalized regression analysis used to identify key dietary factors associated with stroke in
hypertensive patients. (A) Coefficient shrinkage path of LASSO regression for identifying dietary factors
associated with stroke. (B) Ten-fold cross-validation results for LASSO regression model.

Discussion

Main findings

In our study of 23,712 NHANES hypertensive participants, we observed that the average DII score of stroke
patients was significantly higher than that of non-stroke patients. Based on this observation, we applied RCS
analysis to confirm a nonlinear relationship between DII and stroke risk among hypertensive patients in the
United States, independent of various confounding factors. This association was further reaffirmed using
multiple logistic regression models. Subgroup analyses demonstrated that the association remained robust
across different subgroups after adjusting for numerous covariates. Among the 26 dietary components used to
calculate the DII, we identified three factors most strongly associated with stroke risk in hypertensive patients:
dietary fiber, total saturated fat, and total folate. By integrating these key dietary factors with age, PIR, and eGFR,
we developed a nomogram model that exhibited strong performance in predicting stroke risk.

Interpretation of results and comparison with existing literature

Our study demonstrates a significant association between higher DII scores and increased stroke risk among
hypertensive patients, suggesting that the inflammatory potential of the diet is an important independent risk
factor for stroke. Specifically, patients with higher DII scores—indicative of a more pro-inflammatory diet—
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Fig. 5. Development and validation of a stroke risk prediction model. (A) Nomogram model based on age,
PIR, eGFR, and nine key dietary factors associated with stroke identified by LASSO regression. (B) ROC curve
for evaluating the predictive ability of the nomogram model for stroke. *P <0.05, **P <0.01, ***P <0.001.

exhibited an elevated risk of stroke, underscoring the potential of dietary modifications to reduce stroke risk
by mitigating dietary inflammation. Moreover, our analysis revealed a nonlinear relationship between DII and
stroke risk: below a certain threshold, DII does not significantly impact stroke risk; however, once this threshold
is exceeded, the risk increases markedly. This finding implies that while moderate dietary inflammatory potential
may not pose a significant risk, higher levels can substantially elevate stroke risk.

Our results align with existing literature, reinforcing the validity of the DII as a predictor of chronic disease
risk. Multiple studies have consistently demonstrated the role of inflammation in CVD, including stroke. For
example, research has shown that higher DII scores are associated with an increased risk of CVD, highlighting
the inflammatory potential of diet as a critical factor®. This foundational study paved the way for understanding
how pro-inflammatory diets contribute to cardiovascular risks. Additional research has directly linked dietary
inflammatory potential to systemic inflammation markers such as CRP and IL-6, which are established
predictors of cardiovascular risk?®. Supporting our findings, a large cohort study observed that higher DII
scores are correlated with increased inflammatory markers and a higher incidence of stroke over an extended
period?!. Furthermore, another significant longitudinal study found that a pro-inflammatory diet, as indicated
by higher DII scores, was associated with an increased risk of cardiovascular events, including stroke, across
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diverse populations?. Finally, research focusing on ischemic stroke demonstrated that higher DII scores were
significantly linked to greater stroke risk, underscoring the importance of dietary interventions in stroke
prevention®. Our study builds upon these findings by leveraging a large sample size and extensive multivariate
adjustments, thereby providing robust and nuanced evidence of the relationship between DII and stroke risk.

Mechanisms linking diet and stroke risk

Therelationship between diet and stroke, particularly ischemic stroke, is closely linked to chronic inflammation—a
well-established risk factor for various CVD. Diets with high inflammatory potential, as indicated by higher DII
scores, can exacerbate systemic inflammation and thereby increase stroke risk. Different dietary patterns exert
distinct effects on immune responses and inflammation. For instance, Western diets—typically high in processed
foods, red meat, and refined sugars—are associated with elevated levels of inflammatory markers such as CRP
and IL-6. These pro-inflammatory diets contribute to endothelial dysfunction and atherosclerosis, ultimately
increasing stroke risk?!. Endothelial dysfunction impairs blood flow regulation and promotes clot formation,
both critical in the development of ischemic stroke. Moreover, such diets elevate oxidative stress by creating an
imbalance between free radical production and the body’s antioxidant defenses, leading to cellular damage and
further inflammation?’. In contrast, the Mediterranean diet—rich in fruits, vegetables, whole grains, nuts, and
olive oil—has been shown to reduce inflammation and lower stroke risk. This diet is associated with decreased
inflammatory markers and improved endothelial function. Its anti-inflammatory effects are likely mediated
through improved lipid profiles, enhanced antioxidant status, and better glycemic control?. Specifically, omega-3
fatty acids found in fish and flaxseeds inhibit the production of pro-inflammatory eicosanoids, cytokines, and
reactive oxygen species?’. Polyphenols present in fruits, vegetables, tea, and wine scavenge free radicals and
inhibit inflammatory enzymes®®, while dietary fiber from whole grains, fruits, and vegetables can reduce CRP
levels and improve gut health, thereby modulating systemic inflammation®. Several studies have demonstrated
that these dietary components work synergistically to enhance cardiovascular health and reduce the incidence of
stroke®. In summary, dietary patterns play a crucial role in modulating systemic inflammation and influencing
stroke risk. While pro-inflammatory diets elevate inflammation and stroke risk, anti-inflammatory diets—
particularly the Mediterranean diet—offer protective effects.

Impact of specific dietary components on stroke risk

Current literature demonstrates that three dietary components—dietary fiber, total saturated fat, and total
folate—significantly influence cardiovascular health via various mechanisms. Dietary fiber, for instance, is well-
documented for its cardiovascular benefits. Increased fiber intake is associated with lower levels of inflammatory
markers, improved lipid profiles, and better glycemic control. Specifically, higher dietary fiber consumption
has been linked to reduced CRP levels, an established inflammatory marker associated with cardiovascular
disease risk?’. Furthermore, multiple epidemiological studies have confirmed the protective effects of dietary
fiber against stroke, revealing an inverse relationship between fiber intake and stroke incidence’!. Total saturated
fat intake remains a contentious issue in cardiovascular health. Saturated fats are known to elevate LDL-C
levels, a major risk factor for atherosclerosis and stroke. Research suggests that substituting saturated fats with
polyunsaturated fats not only reduces the risk of CHD but may also lower stroke risk®’. Additionally, higher
saturated fat consumption is correlated with increased inflammatory marker levels, further exacerbating the
risk of ischemic events®®. Folate, a B-vitamin crucial for homocysteine metabolism, also plays an important
role. Elevated homocysteine levels are linked to increased stroke risk due to their contributions to endothelial
dysfunction and thrombogenesis. Adequate folate intake can reduce homocysteine levels, thereby potentially
lowering stroke risk. Indeed, higher folate consumption is associated with a reduced risk of stroke, underscoring
its importance in stroke prevention!. Moreover, dietary folate has been shown to improve endothelial function,
which may help mitigate the progression of atherosclerosis®>. Overall, the analysis of these dietary components—
dietary fiber, total saturated fat, and total folate—provides valuable insight into their roles in modulating stroke
risk among hypertensive patients. While increased dietary fiber and folate intake appear to exert protective
effects, higher saturated fat consumption seems to elevate risk. These findings underscore the critical importance
of dietary modifications as a strategy for stroke prevention, particularly in hypertensive populations.

Clinical significance and applications

The findings of this study hold important clinical implications for managing hypertensive patients. Physicians
can utilize DII scores to assess stroke risk in these individuals and offer tailored dietary recommendations aimed
at risk mitigation. The nomogram model developed in this study serves as a practical tool for precisely predicting
individual stroke risk based on specific dietary and health factors. From a public health perspective, promoting
anti-inflammatory diets could markedly reduce stroke incidence among hypertensive populations. Public health
policies should, therefore, focus on educating the public about the link between diet, inflammation, and stroke
risk, thereby encouraging dietary changes that support cardiovascular health.

Strengths and potential limitations of the study

The study exhibits significant strengths, notably the application of LASSO regression analysis and the construction
of a nomogram model, which enhance the accuracy and practical utility of stroke risk prediction in hypertensive
patients. However, several limitations should be acknowledged. First, the cross-sectional design restricts the
ability to establish a causal relationship between the DII and stroke risk, as it captures only a single point in time.
Second, the reliance on self-reported dietary data may introduce biases and inaccuracies, potentially leading to
misclassification of dietary exposures. Third, the DII in this study includes only 25 food parameters, meaning
that several nutrients with known anti-inflammatory properties—such as certain spices and flavonoids—were
not considered. This may result in an incomplete assessment of the overall inflammatory potential of the diets
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and even an overestimation of their pro-inflammatory effects. Fourth, the diagnosis of stroke is based solely
on self-report, lacking confirmation from imaging or other objective criteria, which could further introduce
diagnostic inaccuracies. Fifth, the temporal relationship between dietary intake and stroke occurrence remains
unclear. In this study, the dietary and nutritional indicators were based on the meal on the day before the visit,
but the exact timing of stroke events is unknown. Considering that an individual’s diet may vary over time and
often changes following the onset of a major disease, it is difficult to ascertain whether the current diet is causally
related to past stroke events or if adopting a low DII diet would indeed reduce future stroke risk. Additionally,
the lack of differentiation between stroke types and the influence of age variations among participants might
affect the findings.

Conclusions

This study demonstrates a significant association between DII and stroke risk in hypertensive patients. Future
research should prioritize longitudinal studies—and ideally collect dietary data from patients at the time of
acute stroke—to establish causality and investigate additional confounding factors, thereby deepening our
understanding of the relationship between diet, inflammation, and stroke risk.

Data availability
The raw datasets can be accessed on the NHANES website (https://www.cdc.gov/nchs/nhanes/index.htm).
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