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Background: Studies on the relationship between the dietary inflammatory index (DII) and stroke risk in metabolically healthy obese (MHO) individuals are limited. This study aimed to explore the association between DII and stroke risk in MHO individuals, using data from the National Health and Nutrition Examination Survey (NHANES) 1999-2023.

Methods: We performed a cross-sectional analysis of the NHANES, including 9872 MHO adults—defined as having a body mass index (BMI) ≥ 30 kg/m2 and no more than three metabolic abnormalities. Dietary intake was collected through 24-h recalls and weighted by the corresponding inflammatory effect coefficients, the sum of these weighted values yielded each participant’s DII score. Stroke status was ascertained from self-reported physician diagnosis recorded in the same survey cycle. Survey-weighted logistic regression and restricted cubic splines evaluated the DII–stroke association, while model performance was quantified with the area under the receiver operating characteristic (ROC) curve and decision-curve analysis (DCA).

Results: A significant non-linear relationship was observed between DII and stroke risk. Below a DII score of 2.0, each 1-unit increase in DII was associated with a 32% higher stroke risk (OR: 1.32, 95% CI: 1.04–1.66; p = 0.02). Above this threshold, each 1-unit increase in DII was associated with a 38% reduction in stroke risk (OR: 0.62, 95% CI: 0.44–0.89; p = 0.01). The model’s predictive performance showed an AUC of 0.801 for the fully adjusted model.

Conclusion: This study demonstrated a non-linear relationship between DII and stroke risk in MHO individuals, with a threshold effect at DII = 2.0. The DII may serve as a valuable predictor of stroke risk and guide dietary interventions in this population.
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1 Introduction

Stroke is a leading cause of morbidity and mortality worldwide, and obesity is one of its most important modifiable risk factors (1). Large-scale cohort studies show a clear dose–response: Every 5 kg/m2 increase in body mass index (BMI) raises the incidence of both ischemic and hemorrhagic stroke by roughly 20–30% (2). This excess risk appears to be mediated, at least in part, by obesity-related systemic inflammation and endothelial dysfunction, even in the absence of overt metabolic syndrome (3).

Within the obese population, a distinction is often made between metabolically healthy obesity (MHO) and metabolically abnormal obesity (MAO) because their cardiometabolic outcomes differ (4). Operational definitions of MHO remain highly heterogeneous. For example, a large National Health and Nutrition Examination Survey (NHANES) analysis classified MHO as BMI ≥ 30 kg/m2 with no abnormal components of the Adult Treatment Panel III metabolic-syndrome criteria (5). An empirically derived definition from the UK Biobank proposed even stricter cut-offs—systolic blood pressure < 130 mmHg without antihypertensive therapy, waist-to-hip ratio < 0.95 in women or < 1.03 in men, and absence of type 2 diabetes—to identify the truly low-risk obese phenotype (6). A 2020 Endocrine Reviews synthesis cataloged more than 30 published criteria sets, showing that prevalence of MHO can range from 6 to 75% depending on which metabolic, inflammatory or insulin-sensitivity thresholds are applied, complicating direct comparisons between MAO and MHO groups (7). Although MHO individuals lack the classical metabolic derangements seen in MAO, they are not risk-free: Epidemiological data indicate that MHO still confers a higher probability of cardiovascular events—including stroke—than normal weight, pointing to additional, non-metabolic mechanisms (8, 9).

Diet plays a pivotal role in modulating systemic inflammation, a key driver of atherosclerosis and stroke (10). The Dietary Inflammatory Index (DII), a validated tool that quantifies the inflammatory potential of diets, has been associated with increased CVD risk across various populations (11). Pro-inflammatory diets, characterized by excessive intake of refined sugars, saturated fats, and processed meats, are linked to elevated inflammatory biomarkers, such as C-reactive protein (CRP) and interleukin-6 (IL-6), which in turn contribute to adverse cardiovascular outcomes (12). Conversely, anti-inflammatory diets, rich in fruits, vegetables, and omega-3 fatty acids, have been shown to mitigate these risks (13, 14). Despite extensive research on DII and CVD, critical gaps remain. First, prior studies have primarily focused on metabolically abnormal or general populations, neglecting the unique inflammatory dynamics in MHO individuals (15). Second, the relationship between DII and stroke risk in MHO individuals remains underexplored, particularly with respect to non-linear associations or threshold effects. Understanding these nuances is essential, as excessive inflammation might paradoxically trigger compensatory mechanisms or interact with metabolic resilience in MHO phenotypes (15), potentially influencing stroke risk in unexpected ways.

This study aims to investigate the relationship between DII and stroke risk in MHO individuals using data from the NHANES 1999-2023. By examining this relationship, we hope to provide insights into how diet, independent of metabolic abnormalities, influences stroke risk in MHO individuals and enhance the understanding of the inflammatory pathways involved in stroke pathogenesis.



2 Materials and methods


2.1 Study design

This study was designed as a retrospective cohort analysis using data from the NHANES, a comprehensive program that aims to evaluate the health and nutritional status of the U.S. civilian, non-institutionalized population. NHANES employs a sophisticated, multistage probability sampling method to ensure representative data collection. The survey gathers extensive demographic, socioeconomic, dietary, and health-related information through structured interviews, physical exams, and laboratory tests (16). The data collection process adheres to rigorous ethical standards, and the study was approved by the Research Ethics Review Board of the National Center for Health Statistics (NCHS). Informed written consent was obtained from all participants, ensuring both ethical and legal integrity in the study’s conduct.



2.2 Study population

The study population for this analysis was derived from the NHANES 1999–2023, a nationally representative survey designed to assess the health and nutritional status of the U.S. civilian, non-institutionalized population. The dataset included participants aged 20 years and older with a BMI ≥ 30 kg/m2. Individuals were classified as MHO or MAO based on the Harmonized Criteria for Metabolic Syndrome (MetS). MHO was defined as having ≤ 2 of the following criteria: Waist circumference (WC) ≥ 102 cm (men) or ≥ 88 cm (women), triglycerides (TG) ≥ 1.69 mmol/L, high-density lipoprotein cholesterol (HDL-C) < 1.04 mmol/L (men) or < 1.29 mmol/L (women), systolic blood pressure (SBP) ≥ 130 mmHg or diastolic blood pressure (DBP) ≥ 85 mmHg, and fasting plasma glucose (FPG) ≥ 5.6 mmol/L. Participants meeting ≥ 3 criteria were classified as MAO (17).

Participants were excluded if they had missing data on the DII or stroke data, had missing MHO data, or were classified as non-MHO. Additional exclusions were made for participants with cancer or chronic kidney disease (CKD), as these conditions could independently affect inflammation and stroke risk, potentially confounding the results. The final sample for analysis consisted of participants who were categorized into stroke and non-stroke groups. The screening process is detailed in Figure 1.
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FIGURE 1
Flow chart of the study participants.




2.3 Assessment of dietary information

The DII is a tool designed to assess the inflammatory potential of dietary intake. It incorporates 45 food parameters, each assigned a specific DII score based on its influence on six key inflammatory biomarkers: IL-1β, IL-4, IL-6, IL-10, TNF-α, and CRP (18). In the NHANES study, DII calculation primarily relies on 24-h dietary recall, where participants report the types, amounts, and timing of all foods and beverages consumed in the previous day (19). These intake data are then compared to global food composition databases to standardize the intake of each food or nutrient. The resulting standardized data are transformed into percentile scores to mitigate the effects of skewed dietary data. Each food component’s percentile score is weighted by its inflammatory effect score, indicating its proinflammatory or anti-inflammatory potential. The sum of these weighted scores provides the individual’s overall DII score (18).

The DII has been validated in various studies across different populations, such as postmenopausal women (20), African Americans (21), and individuals with chronic conditions (22), confirming its reliability and applicability in evaluating diet-related inflammation in diverse groups. In this study, DII computation includes the intake of 28 specific nutrients, including carbohydrates, protein, total fat, alcohol, fiber, monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), vitamins A, B1, B2, B6, B12, C, D, E, niacin, riboflavin, folic acid, magnesium, iron, zinc, selenium, beta-carotene, caffeine, and energy. Notably, the DII remains valid even when fewer than 30 nutrients are included (23). In the scoring system, anti-inflammatory foods and nutrients are assigned negative scores, while proinflammatory ones receive positive scores (24). It is important to note that the impact of some food components may vary depending on the quantity consumed. For example, small amounts of alcohol may exert anti-inflammatory effects, resulting in a negative score, while larger amounts can have proinflammatory effects, leading to a positive score (25). This dose-dependent effect is a critical feature of the DII calculation, capturing how varying quantities of the same food component influence its inflammatory potential.



2.4 Diagnosis of stroke

In this study, stroke diagnosis was based on participants’ self-reported responses to a specific question in the NHANES survey. During data collection, participants were asked, “Has a physician or other health professional ever told you that you had a stroke?” Based on their affirmative or negative responses, participants were categorized into the “Stroke” group or the “Non-stroke” group.



2.5 Covariates

In this study, participants were categorized into the following racial/ethnic groups: Mexican American, non-Hispanic Black, non-Hispanic White, other Hispanic, and other races. Educational attainment was classified into two categories: Below high school and high school or above. Marital status was divided into three groups: Married or living with partner, never married, and widowed/divorced/separated. The poverty-income ratio (PIR) was used to adjust income levels for economic inflation and household size. Smoking habits, alcohol consumption status, physical activity, and medical histories (including diabetes, hypertension, and use of antihypertensive agents, glucose-lowering drugs, lipid-lowering agents, and antiplatelet medications) were collected via self-administered questionnaires. Smoking status was categorized as never smoked, former smoker, or current smoker. Alcohol consumption was classified as active drinker or non-active drinker. Physical activity levels were assessed based on participation in various activities: Walking/cycling, housework/yard work, muscle-strengthening exercises, work-related activities, and recreational activities. A detailed questionnaire recorded the frequency and duration of these activities. Physical activity data were expressed as weekly Metabolic Equivalent of Task (MET) values, calculated by multiplying the MET value of each activity by its weekly duration. WC, body weight, and height were measured according to standardized protocols from the Anthropometry Standardization Reference Manual (26). Blood pressure measurements followed the latest American Heart Association guidelines (27). Laboratory evaluations included: Estimated glomerular filtration rate (eGFR), FPG, hemoglobin A1c (HbA1c), serum creatinine (SCR), TG, TC, HDL-C, and low-density lipoprotein cholesterol (LDL-C). CKD status was determined using the 2024 CKD Epidemiology Collaboration (CKD-EPI) creatinine equation. CKD diagnosis was defined as an eGFR < 60 mL/min/1.73 m2 or urine albumin-to-creatinine ratio (UACR) > 30 mg/g (28).



2.6 Statistical analysis

All analyses adhered to NHANES protocols with sampling weights applied according to survey cycles:“WTDR4YR” for 1999-2002 and “WTDRD1” for 2003-2023. Participants were stratified into stroke and non-stroke groups based on physician-diagnosed stroke history obtained through self-report. Continuous variables were expressed as mean ± standard deviation (SD) and analyzed using Studenttiot-test for normally distributed variables (Shapiro-Wilk p ≥ 0.05) or Wilcoxon rank-sum test for non-normally distributed data. Categorical variables were reported as frequencies with percentages, compared by χ2 test or Fisher’s exact test when expected cell counts were below 5.

Prior to model construction, variables with variance inflation factors (VIF) > 5 were excluded to mitigate multicollinearity. Multivariable logistic regression models were employed to examine the association between the DII and stroke risk through three progressively adjusted models: Model 1 (unadjusted); Model 2 adjusted for demographic factors (age, sex, race); Model 3 additionally adjusted for education level, marital status, PIR, total physical activity, smoking status, and alcohol consumption. DII was analyzed both as a continuous variable and in quartiles, with the first quartile serving as the reference. Restricted cubic splines (RCS) with three prespecified knots at the 5th, 50th, and 95th DII percentiles evaluated non-linear relationships, confirmed through likelihood ratio testing. Upon identifying a significant non-linear term (p < 0.05), maximum likelihood estimation determined threshold effects, followed by piecewise regression analysis. Subgroup stratification by sex, age groups (< 60 vs. ≥ 60 years), race, smoking status, and alcohol consumption included interaction term assessment. Model discrimination was quantified through receiver operating characteristic (ROC) curves analyzed by DeLongcriZ-test and clinical utility evaluated via decision curve analysis (DCA). Less than 5% missing data were imputed using predictive mean matching (29). All computations were performed in R version 4.4.2 with statistical significance defined as two-tailed p < 0.05.




3 Results


3.1 Baseline characteristics of participants

Among 9,872 MHO individuals, significant disparities were observed between stroke (n = 230) and non-stroke groups (n = 9,642) (Table 1). The stroke group exhibited older age, higher proportions of non-Hispanic Black and Mexican American individuals, lower educational attainment, increased rates of widowhood/divorce, and reduced PIR. Metabolic profiles showed elevated prevalence of hypertension and diabetes, higher fasting glucose and HbA1c levels, and significantly greater DII scores. Medication use for hypertension, hypoglycemia, dyslipidemia, and antiplatelet therapy was markedly higher in the stroke group. No differences were detected in physical activity, smoking status, SCR, TG, TC, HDL-C, LDL-C, BMI, or WC.


TABLE 1 Baseline characteristics stratified by stroke status.


	Characteristics
	Total
 (N = 9,872)
	Stroke group
 (n = 230)
	Non-stroke group
 (n = 9,642)
	P-value





	Age, years
	42.51 ± 0.22
	42.28 ± 0.22
	54.75 ± 1.64
	< 0.001



	Gender, n (%)
		0.18



	   Female
	5,717 (53.43)
	5,577 (53.30)
	140 (60.02)
	



	   Male
	4,155 (46.57)
	4,065 (46.70)
	90 (39.98)



	Race, n (%)
		0.01



	   Mexican American
	1,868 (10.89)
	1,840 (11.00)
	28 (5.37)
	



	   Non–Hispanic Black
	2,805 (16.84)
	2,721 (16.69)
	84 (25.25)



	   Non–Hispanic White
	3,736 (59.80)
	3,657 (59.88)
	79 (55.57)



	   Other Race
	1,463 (12.46)
	1,424 (12.43)
	39 (13.80)



	Education level, n (%)
		< 0.001



	   Below high school
	2,225 (15.25)
	2,156 (15.20)
	69 (18.00)
	



	   High school graduate or GED
	2,365 (25.41)
	2,290 (25.06)
	75 (43.63)



	   Some college or above
	5,282 (59.34)
	5,196 (59.74)
	86 (38.37)



	Marital status, n (%)
		< 0.001



	   Married or Living with a partner
	6,003 (62.12)
	5,868 (62.21)
	135 (57.26)
	



	   Never married
	2,067 (21.97)
	2,047 (22.22)
	20 (8.75)



	   Widowed, divorced, or separated
	1,802 (15.91)
	1,727 (15.57)
	75 (33.99)



	PIR
	2.90 ± 0.04
	2.91 ± 0.04
	2.41 ± 0.18
	0.01



	Physical activity total METs/week
	4,422 ± 110
	4,421 ± 110
	4,456 ± 636
	0.96



	Smoke
		0.26



	   Former
	2,155 (22.04)
	2,082 (22.01)
	73 (23.33)
	



	   Never
	5,960 (59.18)
	5,854 (59.30)
	106 (52.49)



	   Now
	1,757 (18.78)
	1,706 (18.68)
	51 (24.18)



	Alcohol use, n (%)
		0.003



	   Active alcohol user
	7,235 (77.46)
	7,098 (77.69)
	137 (65.31)
	



	   Non-active alcohol user
	2,637 (22.54)
	2,544 (22.31)
	93 (34.69)



	Hypertension, n (%)
		< 0.001



	   No
	6,603 (69.84)
	6,530 (70.35)
	73 (42.78)
	



	   Yes
	3,269 (30.16)
	3,112 (29.65)
	157 (57.22)



	DM, n (%)
		< 0.001



	   No
	8,636 (90.10)
	8,479 (90.49)
	157 (69.43)
	



	   Yes
	1,236 (9.90)
	1,163 (9.51)
	73 (30.57)



	eGFR, mL/min/1.73 m2
	101.03 ± 0.36
	101.19 ± 0.36
	92.64 ± 2.02
	< 0.001



	FPG, mg/dL
	100.14 ± 0.31
	99.97 ± 0.31
	109.02 ± 2.92
	0.003



	HbA1c, %
	5.56 ± 0.01
	5.55 ± 0.01
	5.84 ± 0.09
	0.001



	SCR, mg/dL
	0.83 ± 0.00
	0.83 ± 0.00
	0.83 ± 0.01
	0.68



	TG, mg/dL
	165.01 ± 1.64
	165.25 ± 1.68
	152.31 ± 9.21
	0.17



	TC, mg/dL
	197.69 ± 0.62
	197.75 ± 0.63
	194.41 ± 3.13
	0.3



	HDL-C, mg/dL
	50.78 ± 0.21
	50.74 ± 0.21
	52.79 ± 1.17
	0.08



	LDL-C, mg/dL
	113.79 ± 0.46
	113.84 ± 0.47
	111.23 ± 3.39
	0.45



	BMI, kg/m2
	35.49 ± 0.08
	35.49 ± 0.08
	35.69 ± 0.46
	0.67



	WC, cm
	112.38 ± 0.18
	112.35 ± 0.18
	113.71 ± 1.35
	0.32



	DII
	1.63 ± 0.03
	1.62 ± 0.03
	2.08 ± 0.11
	< 0.001



	Antihypertensive drugs, n (%)
		< 0.001



	   No
	7,708 (80.86)
	7,624 (81.49)
	84 (47.28)
	



	   Yes
	2,164 (19.14)
	2,018 (18.51)
	146 (52.72)



	Hypoglycemic agents, n (%)
		< 0.001



	   No
	9,100 (93.85)
	8,929 (94.17)
	171 (76.48)
	



	   Yes
	772 (6.15)
	713 (5.83)
	59 (23.52)



	Lipid lowering drugs, n (%)
		< 0.001



	   No
	8,631 (88.88)
	8,492 (89.38)
	139 (62.16)
	



	   Yes
	1,241 (11.12)
	1,150 (10.62)
	91 (37.84)



	Antiplatelet drugs, n (%)
		< 0.001



	   No
	9,703 (98.70)
	9,515 (98.98)
	188 (83.96)
	



	   Yes
	169 (1.30)
	127 (1.02)
	42 (16.04)






Continuous measures are presented as mean ± standard deviation (SD), with categorical data summarized using absolute frequencies and relative percentages. Group comparisons were conducted using Student’s t-test or Wilcoxon rank-sum test for continuous variables, and chi-square test or Fisher’s exact test for categorical variables, as appropriate. A two-sided P-value < 0.05 was considered statistically significant. GED, general educational development; PIR, poverty–income ratio; MET, metabolic equivalent of task; BMI, body mass index; WC, waist circumference; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; SCR, serum creatinine; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; DII, dietary inflammatory index.






3.2 Association between DII and stroke risk in MHO participants

Table 2 presents the weighted multivariable logistic regression analysis of the DII and stroke risk among MHO participants. In the unadjusted model (Model 1), each 1-unit increase in DII was associated with a 17% higher stroke risk (OR = 1.17, 95%CI:1.08–1.27, p < 0.001). Adjusting for demographics (Model 2) slightly attenuated the association (OR = 1.16, 95%CI:1.07–1.25, p < 0.001), which remained significant after further adjustment for sociobehavioral factors (Model 3: OR = 1.12, 95%CI:1.03–1.21, p = 0.01). Using the first quartile (Q1) as reference, the third quartile (Q3) demonstrated consistently elevated risks across all models (Model 3: OR = 2.71, 95%CI:1.49–4.91, p = 0.001), whereas the highest quartile (Q4) showed non-significant association in the fully adjusted model (OR = 1.65, 95%CI:0.97–2.82, p = 0.07). Dose-response relationships were confirmed by trend tests (P for trend: Model 1 = 0.002, Model 3 = 0.037).


TABLE 2 Weighted logistic regression model of stroke risk associated with DII in MHO participants.


	Characteristic
	Model 1
	Model 2
	Model 3



	
	OR (95% CI)
	p
	OR (95% CI)
	p
	OR (95% CI)
	p





	DII (Continuous)
	1.17 (1.08, 1.27)
	< 0.001
	1.16 (1.07, 1.25)
	< 0.001
	1.12 (1.03, 1.21)
	0.01



	Q1
	Reference
	–
	Reference
	–
	Reference
	–



	Q2
	1.79 (0.99, 3.26)
	0.06
	1.87 (1.04, 3.38)
	0.04
	1.68 (0.94, 3.01)
	0.08



	Q3
	2.88 (1.63, 5.09)
	< 0.001
	3.08 (1.72, 5.49)
	< 0.001
	2.71 (1.49, 4.91)
	0.001



	Q4
	2.05 (1.20, 3.50)
	0.01
	1.93 (1.12, 3.32)
	0.02
	1.65 (0.97, 2.82)
	0.07



	P for trend
	
	0.002
	
	0.005
	
	0.037






Model 1: Unadjusted. Model 2: Adjusted for age, sex, and race. Model 3: Adjusted for age, sex, race, education level, marital status, PIR, total physical activity (MET), smoking status, and alcohol use. P-values were derived from survey-weighted logistic regression models. A two-sided P-value < 0.05 was considered statistically significant. DII, dietary inflammatory index; MHO, metabolically healthy obese; OR, odds ratio; CI, confidence interval; PIR, poverty-income ratio.






3.3 Restricted cubic spline and threshold effect analysis

Using RCS with multivariable-adjusted logistic regression models, we examined the dose-response relationship between the DII and stroke risk in MHO participants. A significant non-linear association was observed across the DII spectrum (P for non-linearity < 0.001) (Figure 2). Adjusted spline curves demonstrated an initial increase in stroke risk with rising DII levels, followed by an unexpected risk reduction beyond a threshold value. Threshold analysis identified an inflection point at DII = 2.0 (log-likelihood ratio test, p < 0.001). Below this threshold, each 1-unit increase in DII was associated with a 32% higher stroke risk (OR: 1.32, 95% CI: 1.04–1.66; p = 0.02). Conversely, above the threshold, each 1-unit increase in DII corresponded to a 38% risk reduction (OR: 0.62, 95% CI: 0.44–0.89; p = 0.01) (Table 3).


[image: Graph showing the relationship between DII (Dietary Inflammatory Index) and log odds, with a red curved line indicating a nonlinear trend. The shaded area around the line represents the confidence interval. Statistical significance is noted with P-values less than 0.001 for both overall and nonlinear trends.]
FIGURE 2
Non-linear relationship between DII and stroke risk in MHO participants. Curve and 95% confidence bands derived from a restricted cubic spline model using survey-weighted logistic regression (Model 3). A two-sided P-value < 0.05 was considered statistically significant.



TABLE 3 Threshold effect analysis of DII on stroke risk in MHO participants.


	
	OR (95% CI)
	P-value





	DII < 2
	1.32 (1.04, 1.66)
	0.02



	DII ≥ 2
	0.62 (0.44, 0.89)
	0.01



	P for Log-likelihood ratio
	
	< 0.001






Adjusted for age, sex, race, education level, marital status, PIR, total physical activity (MET), smoking status, and alcohol use. DII, dietary inflammatory index; MHO, metabolically healthy obese; OR, odds ratio; CI, confidence interval. The logistic regression model was used to estimate OR and 95% CI. A two-sided P-value < 0.05 was considered statistically significant.






3.4 Subgroup analysis

Table 4 demonstrates heterogeneous associations between the DII and stroke risk across subgroups of MHO participants. Among individuals aged < 60 years, DII < 2 was associated with a 41.8% increased stroke risk (OR = 1.418, 95% CI: 1.039 stroke p = 0.028), while no significant association was observed for DII ≥ 2. Males exhibited a 58.1% reduced risk at DII ≥ 2 (OR = 0.419, 95% CI: 0.203– 0.862, p = 0.019), though the gender interaction was non-significant (P for interaction = 0.165). Non-Hispanic White individuals showed elevated risk at DII < 2 (OR = 1.389, 95% CI: 1.013 – 1.904, p = 0.042), whereas other racial/ethnic groups displayed no significant trends. Current smokers had a 62.6% higher risk at DII < 2 (OR = 1.626, 95% CI: 1.026 – 2.578, p = 0.039), and non-active alcohol users demonstrated a 50.6% risk reduction at DII ≥ 2 (OR = 0.494, 95% CI: 0.274 – 0.888, p = 0.019). Despite subgroup-specific associations, all interaction tests (P for interaction > 0.05) were non-significant, indicating no statistically discernible heterogeneity in the DII-stroke risk relationship across subgroups.


TABLE 4 Stratified analysis of DII and stroke risk in MHO participants by DII categories.


	Characteristic
	DII (overall)
	DII < 2
	DII ≥ 2



	
	OR (95% CI)
	p
	OR (95% CI)
	p
	OR (95% CI)
	p





	Age group
	P for interaction = 0.430
	P for interaction = 0.436
	P for interaction = 0.454



	   < 60 y
	1.078 (0.963, 1.207)
	0.192
	1.418 (1.039, 1.935)
	0.028
	0.553 (0.301,1.016)
	0.056



	   ≥ 60 y
	1.152 (1.004, 1.323)
	0.045
	1.139 (0.754, 1.722)
	0.533
	0.706 (0.425, 1.171)
	0.175



	Sex
	P for interaction = 0.767
	P for interaction = 0.212
	P for interaction = 0.165



	   Female
	1.090 (0.969, 1.225)
	0.150
	1.572 (1.067, 2.315)
	0.022
	0.734 (0.483, 1.114)
	0.145



	   Male
	1.132 (0.981, 1.307)
	0.088
	1.140 (0.832, 1.562)
	0.412
	0.419 (0.203, 0.862)
	0.019



	Race
	P for interaction = 0.283
	P for interaction = 0.331
	P for interaction = 0.744



	   Mexican American
	1.434 (1.009, 2.038)
	0.045
	1.594 (0.648, 3.918)
	0.305
	1.093 (0.399, 2.995)
	0.860



	   Non–Hispanic Black
	0.999 (0.864, 1.155)
	0.984
	0.987 (0.731, 1.333)
	0.932
	0.754 (0.466, 1.222)
	0.250



	   Non–Hispanic White
	1.126 (0.984, 1.290)
	0.085
	1.389 (1.013, 1.904)
	0.042
	0.575 (0.326, 1.013)
	0.055



	   Other race
	1.143 (0.935, 1.397)
	0.189
	1.757 (0.731, 4.220)
	0.205
	0.486 (0.157, 1.509)
	0.209



	Smoke
	P for interaction = 0.822
	P for interaction = 0.896
	P for interaction = 0.984



	   Former
	1.086 (0.928, 1.271)
	0.300
	1.272 (0.809, 2.000)
	0.296
	0.519 (0.272, 0.991)
	0.047



	   Never
	1.151 (0.999, 1.326)
	0.052
	1.291 (0.920, 1.813)
	0.138
	0.669 (0.403, 1.111)
	0.120



	   Now
	1.043 (0.870, 1.249)
	0.650
	1.626 (1.026, 2.578)
	0.039
	0.600 (0.311, 1.158)
	0.126



	Alcohol use
	P for interaction = 0.380
	P for interaction = 0.999
	P for interaction = 0.287



	   Active alcohol user
	1.113 (0.998, 1.241)
	0.055
	1.322 (1.006, 1.736)
	0.045
	0.702 (0.455, 1.085)
	0.110



	   Non-active alcohol user
	1.082 (0.940, 1.246)
	0.271
	1.285 (0.845, 1.953)
	0.239
	0.494 (0.274, 0.888)
	0.019






The logistic regression was used to estimate the OR and 95% CI, with adjustments for confounding factors. A two-sided P-value < 0.05 was considered statistically significant. DII, dietary inflammatory index; MHO, metabolically healthy obese; OR, odds ratio; CI, confidence interval.






3.5 Predictive performance evaluation

Figure 3 presents the predictive performance of the DII for stroke risk in MHO participants. Figure 3A shows the ROC curves for Model 1 and Model 3 in predicting stroke risk, along with their corresponding AUC values. The AUC for Model 1 was 0.579 (95% CI: 0.543–0.615), while Model 3 showed an AUC of 0.801 (95% CI: 0.774–0.828). Figure 3B illustrates the DCA, which was used to assess the clinical value of Model 1 and Model 3. DCA helps to understand the net benefit of using these models for stroke prediction at different risk thresholds. The green and red curves represent the net benefits of Model 1 and Model 3, respectively, showing their trends across varying risk thresholds. The net benefit of both models decreases as the risk threshold increases. Overall, Model 3 outperforms Model 1 in predicting stroke risk, particularly at higher risk thresholds.


[image: Panel A shows a Receiver Operating Characteristic (ROC) curve comparing two models. Model 1 has an Area Under the Curve (AUC) of 0.579, and Model 3 has an AUC of 0.801, indicating better performance for Model 3. Panel B displays a Decision Curve Analysis, plotting standardized net benefit against high-risk thresholds for models 1 and 3, highlighting differences in performance across various cost-benefit ratios.]
FIGURE 3
Predictive performance of DII for stroke risk in MHO participants. (A) ROC and AUC, (B) Decision curve analysis.





4 Discussion


4.1 Main findings

This study utilized data from the 1999-2023 NHANES to explore the non-linear relationship between the DII and stroke risk in MHO individuals. A significant threshold effect was identified at a DII score of 2.0. Below this threshold, each 1-unit increase in DII was associated with a 32% higher stroke risk, whereas above this threshold, each 1-unit increase in DII corresponded to a 38% reduction in stroke risk. Subgroup analyses demonstrated significant heterogeneity in the DII-stroke relationship across various age, sex, race, and smoking status groups. Predictive performance evaluation showed that the DII exhibited strong discriminatory power in stroke risk prediction, with an AUC of 0.801 in the fully adjusted model. These findings suggest that DII may serve as a valuable tool for predicting stroke risk in MHO individuals and hold potential clinical implications for personalized dietary recommendations.



4.2 Previous research on DII and CVD

Prior studies have highlighted the significant relationship between the DII and CVD, particularly stroke. A systematic review and meta-analysis indicated that higher DII scores are associated with an increased risk of CVD, emphasizing the impact of dietary inflammation on overall cardiovascular health (30). In the US general population, a non-linear and positive association between DII and stroke has been identified, supporting the notion that higher DII levels correlate with greater stroke risk (31). However, in women, the association between DII and cardiovascular disease risk was not significant when supplements were considered, indicating that other factors may moderate this relationship (11). Further research found that DII was positively correlated with all-cause mortality in patients with atherosclerotic cardiovascular disease, suggesting that a pro-inflammatory diet could increase mortality in these patients (32). In individuals with type 2 diabetes, DII’s role in predicting cardiovascular disease risk is highlighted, showcasing the potential for precision medicine in understanding the role of dietary inflammation (33). Studies conducted in the US and European populations have also demonstrated the significant association between DII and cardiovascular disease risk, underlining the importance of dietary patterns in modulating inflammation and cardiovascular health (34). Additionally, in Asian populations, DII has been linked to stroke risk, contributing to the understanding of dietary inflammation across different ethnic groups (35). Older adults, who are particularly vulnerable to stroke, were found to have an increased cardiovascular risk due to higher DII, emphasizing the need for tailored dietary strategies in aging populations (36). In obese individuals, another high-risk group for stroke, dietary inflammation was found to significantly influence cardiovascular disease risk, further reinforcing the need for managing dietary factors in obesity (37). The combined effect of smoking and dietary inflammation has been explored, highlighting how lifestyle factors like smoking can exacerbate the negative impact of dietary inflammation on cardiovascular health (38). Finally, in individuals with hypertension, a major stroke risk factor, DII was found to influence cardiovascular disease risk, suggesting that managing inflammation through diet could be a key intervention strategy in hypertensive patients (10). These findings collectively underscore the role of dietary inflammation in cardiovascular disease risk, particularly stroke, across different populations.



4.3 Explanation of results

The study’s results reveal a non-linear relationship between the DII and stroke risk. In certain specific subgroups—such as males, non-alcohol users, and former smokers—higher DII values appear to have a protective effect. This seems counterintuitive because pro - inflammatory diets are usually associated with an increased risk of stroke. This can be attributed to a variety of factors. First, MHO individuals may require a certain level of inflammation to maintain vascular health, as diets with lower DII might not provide sufficient pro-inflammatory stimuli needed for vascular resilience, leading to an increased stroke risk. In contrast, higher DII values could activate compensatory anti-inflammatory mechanisms, mitigating the risk of stroke (39). Second, the threshold effect suggests that moderate inflammation, which is indicated by higher DII, might be beneficial in MHO individuals, as it activates protective mechanisms in the body (13). Third, the lack of metabolic dysfunction in MHO individuals means the effects of dietary inflammation on stroke risk may be more pronounced compared to metabolically abnormal individuals, with the inflammatory potential of the diet playing a key role in maintaining cardiovascular health (9). Additionally, the balance between pro-inflammatory and anti-inflammatory foods in the diet may contribute to this paradoxical effect, where high DII scores reflect a diet that includes beneficial nutrients, such as omega-3 fatty acids and antioxidants, which counterbalance the harmful effects of inflammation (40, 41). Furthermore, lifestyle factors like physical activity, which has anti-inflammatory effects, may help reduce stroke risk in MHO individuals despite a higher DII (42). Finally, genetic predispositions may also play a role in how MHO individuals respond to dietary inflammation, with certain genetic factors potentially protecting against the harmful effects of inflammation, thereby reducing stroke risk despite higher DII values (43).



4.4 Mechanisms linking DII to stroke risk

The relationship between DII and stroke risk is underpinned by several mechanisms involving diet-induced inflammation and its effects on vascular health. A high-DII diet, characterized by pro-inflammatory foods such as processed meats, refined sugars, and trans fats, promotes chronic low-grade inflammation, which plays a crucial role in endothelial dysfunction (44, 45). This dysfunction impairs the ability of blood vessels to regulate tone and flow, leading to an increased risk of thrombus formation and, ultimately, stroke (46). Additionally, high-DII diets contribute to oxidative stress, a process where reactive oxygen species damage cells and accelerate atherosclerosis by promoting the oxidation of LDL-C, This process leads to plaque buildup in arteries, which can rupture, causing blood clots that obstruct cerebral blood flow, resulting in ischemic stroke (47). The pro-inflammatory nature of a high-DII diet also disrupts lipid metabolism, often resulting in dyslipidemia with elevated total cholesterol and triglycerides and reduced HDL-C, These lipid abnormalities further exacerbate atherosclerosis, making stroke more likely (48). Moreover, high-DII diets increase the production of pro-inflammatory cytokines, such as interleukin-6 and tumor necrosis factor-alpha, which trigger vascular inflammation and promote hypercoagulability (49). This increases the likelihood of clot formation, contributing to thrombotic strokes. Immune system activation is another key mechanism, as prolonged inflammation leads to elevated levels of inflammatory markers, such as CRP, which promote vascular inflammation and compromise blood-brain barrier integrity, increasing the risk of both ischemic and hemorrhagic strokes (50, 51). Additionally, diet-induced inflammation leads to endothelial dysfunction and elevated blood pressure, a significant risk factor for stroke (52). Besides diet-induced inflammation, Inadequate physical activity — defined as performing less than 150 min per week of moderate-to-vigorous physical activity (MVPA) — independently worsens endothelial function and amplifies obesity-related inflammation. A large meta-analysis of prospective studies reported that people in the lowest physical-activity category had about a 20% higher risk of total, ischemic, and hemorrhagic stroke compared with their more active peers, and each incremental step of roughly 500 MET-min per week was associated with a further 10% change in risk (53). Regular MVPA also lowers circulating C-reactive protein and interleukin-6, key mediators along the diet–inflammation pathway (54). Current World Health Organization guidelines recommend accumulating 150–300 min of MVPA weekly (about 600 MET-min) to obtain cardiovascular and cerebrovascular benefits (55). Together, these data imply that the stroke risk associated with a pro-inflammatory diet (high DII) may be magnified when physical-activity volume falls below this threshold, underscoring the need to address both diet and physical activity in prevention strategies. Importantly, emerging evidence from genome-wide association studies (GWAS) suggests that genetic variants related to adiposity and inflammatory signaling can modify an individual’s inflammatory response to dietary exposures. Carriers of pro-inflammatory alleles exhibit higher CRP and IL-6 levels when consuming high-DII diets and display greater susceptibility to stroke, implying a gene–diet interaction along the diet–inflammation–stroke axis (56). The combination of impaired vascular function, dyslipidemia, and hypertension resulting from a high-DII diet significantly heightens the risk of stroke, emphasizing the importance of dietary interventions to mitigate this risk by reducing inflammation and promoting vascular health.



4.5 Limitations

This study has several limitations. First, the cross-sectional design of the NHANES data limits the ability to establish causality between the DII and stroke risk in MHO individuals. Additionally, self-reported dietary data may introduce biases and inaccuracies, potentially leading to misclassification of dietary exposures. Another limitation is the exclusion of certain food parameters from the DII calculation, which may affect the comprehensiveness of the inflammatory assessment. Specifically, only a subset of 45 possible food parameters was available, and the exclusion of foods with known anti-inflammatory properties may have led to an overestimation of the pro-inflammatory potential of the diets. A further limitation is the relative age homogeneity of our cohort, which restricts generalizability to older adults who bear a higher stroke burden. Lastly, the DII does not account for dietary supplementation or variations in food quantity determination, which could affect the precision of the inflammatory assessment. The large age range within the population, including older adults with heightened inflammatory responses, may also influence the results, contributing to variations in the observed associations.



4.6 Clinical implications

DII may serve as a valuable predictive tool in clinical settings, particularly for assessing stroke risk in MHO individuals. By incorporating DII scores into routine assessments, clinicians can identify individuals at higher risk of stroke due to diet-induced inflammation, enabling early interventions. Personalized dietary recommendations based on DII scores could help mitigate stroke risk by promoting anti-inflammatory diets, thus offering a tailored approach to stroke prevention. In our spline analysis, a cut-point of approximately 2.0 DII units emerged: Below this level each 1-unit increase raised stroke odds by 19%, whereas above it the curve flattened. In practical terms, DII ≈ 2.0 corresponded to the upper quartile of our cohort and reflected diets high in processed meat, refined grains. We therefore propose a traffic-light framework—low (< 0), moderate (0 to < 2), and high (≥ 2)—to flag patients who would benefit most from nutrition counseling. Before bedside adoption, however, this threshold needs validation in prospective cohorts and integration with overall cardiovascular-risk assessment.



4.7 Future research directions

Future studies should focus on exploring the underlying biological mechanisms linking DII to stroke, particularly the role of inflammation in vascular health. Longitudinal studies are essential to establish the causality of the observed associations between DII and stroke risk. Additionally, intervention trials examining the effects of modifying dietary inflammation through DII-targeted dietary changes could provide valuable insights into the potential for dietary interventions to reduce stroke risk in high-risk populations. Future research should also recruit a broader age spectrumsk. Additionally, inter ≥ 65 years—to validate the age-specific applicability of the observed DII–stroke relationship.




5 Conclusion

This study demonstrates a non-linear association between dietary inflammatory potential and stroke risk in metabolically healthy obese adults. The relationship is steepest when DII is below roughly 2.0; beyond that cut-point additional pro-inflammatory load confers little extra risk, suggesting a saturation effect. Incorporating DII—particularly identifying individuals whose scores are at or above this threshold—into routine clinical evaluations may facilitate targeted dietary interventions aimed at reducing stroke risk.
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