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Background: Inflammation is a key factor in the development of asthma, and 
diet significantly influences inflammatory responses. This study examines 
the relationship between the Dietary Inflammatory Index (DII) and asthma 
prevalence.

Methods: We conducted a cross-sectional analysis using data from the 
National Health and Nutrition Examination Survey (NHANES) from 1999 to 2018. 
Demographic details, anthropometric measurements, dietary habits, lifestyle 
factors, and asthma status were recorded for all participants. Multivariable 
logistic regression was utilized to assess the relationship between DII and asthma 
prevalence. Additionally, restricted cubic spline (RCS) analysis was employed 
to explore the nonlinearity and dose–response relationship between DII and 
asthma risk. Subgroup analyses were stratified by gender, age, race, body mass 
index (BMI), poverty income ratio (PIR), education, smoking status, alcohol use, 
and family medical history to dissect the association between DII and asthma 
across diverse populations.

Results: The analysis included 37,283 adults from NHANES. After adjusting for 
potential confounders in the multivariable logistic regression model, a significant 
positive association was identified between DII and asthma (OR, 95% CI: 1.05, 
1.02–1.09, per 1 SD increase). The RCS analysis revealed a nonlinear association 
(p for nonlinearity  =  0.0026), with an inflection point at 1.366, beyond which an 
increase in DII was significantly associated with asthma risk. Furthermore, the 
stratified analyses indicated a positive association between DII and asthma in 
the majority of subgroups.

Conclusion: The findings underscore a significant and nonlinear association 
between DII and asthma. To enhance asthma prevention and management, 
greater emphasis should be placed on modulating dietary-induced inflammation.
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1 Introduction

Asthma, a prevalent non-communicable disease, poses a significant threat to global health 
(1). The Global Burden of Disease Study estimated 262 million people to have asthma in 2019, 
reflecting an age-standardized prevalence of 3,416 cases per 100,000 individuals (2). While 
both genetic and non-genetic factors influence asthma (3), specific triggers are more likely 
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than genetic factors to explain the rise in asthma prevalence among 
adults (4). Therefore, an improved comprehension of the adult-specific 
factors influencing asthma is essential for reducing the global burden 
of asthma.

Inflammation is widely recognized as a key factor in asthma 
development (5, 6). Prior studies have demonstrated a significant 
correlation between asthma and a spectrum of proinflammatory 
cytokines, encompassing interleukin-6 (IL-6), interleukin-33 (IL-33), 
interferon-gamma (IFN-γ), and tumor necrosis factor-alpha (TNF-α) 
(7–10). As an important modifiable exposure, diet has been 
demonstrated to have a significant influence on inflammatory 
processes. Dietary patterns characterized by high fiber, omega-3 
polyunsaturated fatty acids, and green tea polyphenols have been 
correlated with decreased levels of inflammatory mediators (11–13). 
However, these nutrient-specific studies are limited by the fact that 
foods are consumed in complex combinations (14). Hence, the 
development of a comprehensive dietary index is essential for 
evaluating the diet-asthma association.

In 2014, Shivappa et al. (15) developed the Dietary Inflammatory 
Index (DII), designed to quantify the inflammatory potential of 
habitual diets. The DII is based on an extensive literature search 
incorporating cell culture, animal, and epidemiological studies on the 
effect of diet on inflammation. The DII encompasses not only 
micronutrients and macronutrients but also incorporates commonly 
consumed bioactive components including flavonoids, spices, and tea 
(16). Currently, an extensive body of research is exploring the links 
between DII and a variety of chronic noncommunicable diseases, such 
as obesity, type 2 diabetes, and cardiovascular diseases (17–19). 
Nonetheless, the relationship between asthma and DII remains 
unclear. Employing data from the National Health and Nutrition 
Examination Survey (NHANES), this study aims to explore the 
potential asthma-DII association.

2 Methods

2.1 Study population

The NHANES is an ongoing cross-sectional survey conducted 
once every 2 years by the Centers for Disease Control and Prevention 
of America (20). It is a research program designed to assess the health 
and nutrition status of residents in the United States. All participants 
in NHANES provided informed consent, and all protocols were 
approved by the Institutional Review Board of the Centers for Disease 
Control and Prevention (21). In the present study, all data were 
sourced from the NHANES conducted from 2003 to 2018. The 
exclusion criteria included: (1) age < 18 years, (2) participants without 
asthma data, and (3) participants without dietary data.

2.2 Dietary information

To minimize recall bias, dietary data were averaged from two 24-h 
recall interviews to calculate the DII score. The first dietary recall 
interview was collected in person in the Mobile Examination Center, 
and the second interview was collected by telephone 3–10 days later. 
The United  States Department of Agriculture Food and Nutrient 
Database for Dietary Studies was used to calculate the nutrient intakes 

based on the foods and amounts reported in the survey (22). The DII, 
comprising 28 dietary components, was calculated for all subjects 
according to the protocol reported by Shivappa et al. (15). Briefly, six 
inflammatory markers (IL-1β, IL-6, IL-4, IL-10, TNF-α, and 
C-reactive protein) were used to evaluate the effect of the food 
parameter on inflammation (23). The “food parameter-specific overall 
inflammatory effect score” was calculated by study design and size of 
the literature for each food. All of the food parameter-specific scores 
were then summed to create the overall DII score for an individual. In 
the overall DII score, the positive value represents the 
pro-inflammatory potential of the diet, while the negative value 
represents the anti-inflammatory capacity.

2.3 Definition of asthma

Information regarding asthma was obtained from the health 
questionnaires. “Has a doctor or other health professional ever told 
you that you have asthma?” Participants who answered “yes” were 
regarded as asthma patients.

2.4 Assessment of other variables

The following data were collected: (1) demographics: age, sex, 
race, family income (poverty income ratio, PIR), and education levels 
were obtained from the demographic questionnaire; (2) body 
measurements: Body mass index (BMI) is defined as weight (kg)/
height squared (m2); (3) lifestyle information: smoking and drinking 
status are collected using the health questionnaires; and (4) family 
history of asthma.

In this study, race was classified into Mexican American, 
Non-Hispanic White (NHW), Non-Hispanic Black (NHB), and 
others. Education was categorized into three levels: less than high 
school, high school or equivalent, and college or above. Based on 
Supplemental Nutrition Assistance Program eligibility, the PIR was 
divided into three levels: low-income level (PIR < 1.3), middle-income 
level (PIR 1.3–3.5), and high-income level (PIR > 3.5). According to 
the guidelines of the World Health Organization (WHO), a normal 
weight is defined as BMI < 25 kg/m2, overweight is defined as a BMI 
between 25 and less than 30 kg/m2 (25 to <30 kg/m2), and obesity is 
defined as BMI ≥  30 kg/m2.

2.5 Handling of missing variables

Data for all covariates were not complete, as shown in 
Supplementary Figure S1. To reduce bias from missing data, 
we performed multiple imputation to impute the missing data with all 
variables included in the analyses (Supplementary Figure S2). Missing 
values were imputed using chained equations with a 10-fold multiple 
imputation method.

2.6 Statistical analysis

Participants were classified into four groups based on quartiles of 
the DII score (from Quartile 1 to Quartile 4). Continuous variables are 
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expressed as the mean ± standard deviation (SD), and categorical 
variables are expressed as percentages (95% confidence interval, 95% 
CI). To present differences in baseline characteristics between groups, 
t-tests and chi-Square tests were performed. The association between 
DII and asthma was explored with logistic regression models. Model 
1 was unadjusted for any covariates. Model 2 included adjustments for 
age, gender, and race. Model 3 further adjusted for education, BMI, 
drinking, smoking, PIR, and family history in addition to the 
covariates in Model 2. To investigate the linearity and the dose–
response relationship between DII and asthma, the restricted cubic 
spline (RCS) was performed with four knots placed at the 5th, 35th, 
65th, and 95th percentiles. To evaluate heterogeneity among different 
populations, subgroup analyses stratified by sex, age, race, BMI, PIR, 
education, alcohol use, smoking status, and family history were 
conducted. All statistical analyses were performed with R software 
version 4.3.1 and p < 0.05 was considered statistically significant.

Finally, sensitivity analyses were conducted to validate the results. 
To eliminate the possible impact of missing data on the primary 
outcome, participants with any missing variable values were excluded.

3 Results

3.1 Baseline characteristics of participants

A total of 80,312 participants were enrolled in the NHANES 
between 2003 and 2018. Among them, 32,549 individuals were 
excluded for being younger than 18 years. Participants without asthma 
data (n = 50) and those with missing dietary data (n = 10,430) were 

excluded from the remaining subjects. Finally, 37,283 participants 
were enrolled in our study, as shown in Figure 1.

Table 1 provides the baseline features of participants according to 
the quartiles of DII. The mean (SD) DII score for all participants was 
1.186 (1.68). Compared with the lowest quartile group, subjects with 
higher DII scores were younger, more frequently female and NHB, 
had lower educational levels and household income, higher BMI, and 
a greater prevalence of family history of asthma. Moreover, individuals 
in higher DII quartiles reported higher rates of tobacco use and lower 
rates of alcohol consumption.

In addition, the baseline characteristics of the study population 
grouped by asthma status are summarized in Supplementary Table S1. 
The distribution of the DII scores in this study is presented in 
Supplementary Figure S3.

3.2 Association between DII and asthma

There were 5,376 (14.4%) participants with asthma included in 
this analysis. The relationship between DII and asthma is detailed in 
Table 2. In Model 3, the odds ratios (ORs) across increasing quartiles 
of the DII were 1.00 (reference), 1.00 (95% CI 0.92–1.09), 1.03 (95% 
CI 0.94–1.12), and 1.16 (95% CI 1.06–1.27), respectively (p for 
trend < 0.001). Similarly, as a continuous variable, per SD unit 
increase in DII was associated with an increased risk of asthma (OR 
1.05, 95%CI 1.02–1.09). After adjustment for covariates, a positive 
correlation between the DII and asthma was observed in Model 1 
(OR, 95% CI: 1.08, 1.00–1.18, Q2; OR, 95% CI: 1.17, 1.08–1.28, Q3; 
OR, 95% CI: 1.40, 1.29–1.51, Q4; OR, 95% CI: 1.13, 1.10–1.17, per 1 

FIGURE 1

Flowchart of the study population.
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TABLE 1 Baseline characteristics of individuals classified by quartiles of the DII.

Characteristic Overall Quartiles of the DII

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p value

Male, % 17,720 (47.5) 5,651 (60.6) 4,866 (52.2) 4,030 (43.2) 3,173 (34.0) <0.001

Age, years 48.06 (18.97) 48.60 (18.14) 47.83 (18.55) 47.74 (19.28) 48.08 (19.87) 0.01

Race, % <0.001

  Mexican American 6,073 (16.3) 1,527 (16.4) 1,669 (17.9) 1,496 (16.1) 1,381 (14.8)

  Non-Hispanic Black 8,143 (21.8) 1,446 (15.5) 1799 (19.3) 2,342 (25.1) 2,556 (27.4)

  Non-Hispanic White 16,459 (44.1) 4,479 (48.0) 4,183 (44.9) 3,926 (42.1) 3,871 (41.5)

  Others 6,608 (17.7) 1870 (20.1) 1,669 (17.9) 1,556 (16.7) 1,513 (16.2)

BMI, kg/m2 29.06 (6.95) 28.04 (6.28) 29.08 (6.85) 29.41 (7.12) 29.73 (7.41) <0.001

Smoker, % <0.001

  Current 7,000 (19.7) 1,227 (13.6) 1,585 (17.7) 1838 (20.8) 2,350 (26.7)

  Past 8,842 (24.8) 2,555 (28.3) 2,351 (26.3) 2041 (23.1) 1895 (21.5)

  Never 19,770 (55.5) 5,255 (58.1) 4,997 (55.9) 4,967 (56.1) 4,551 (51.7)

Drinker, % 24,713 (72.5) 6,749 (78.3) 6,383 (74.8) 6,036 (71.0) 5,545 (65.9) <0.001

Education, % <0.001

  College or above 19,109 (51.3) 5,948 (63.8) 4,996 (53.7) 4,467 (48.0) 3,698 (39.7)

  High school 8,933 (24.0) 1784 (19.1) 2,173 (23.3) 2,376 (25.5) 2,600 (27.9)

  Less than high school 9,207 (24.7) 1,584 (17.0) 2,141 (23.0) 2,468 (26.5) 3,014 (32.4)

PIR, % <0.001

  <1.3 10,785 (31.4) 2009 (23.2) 2,466 (28.7) 2,855 (33.2) 3,455 (40.4)

  1.3–3.5 13,123 (38.1) 3,066 (35.4) 3,259 (38.0) 3,435 (39.9) 3,363 (39.3)

  >3.5 10,493 (30.5) 3,574 (41.3) 2,856 (33.3) 2,321 (27.0) 1742 (20.4)

Family history, % 7,558 (21.3) 1,674 (18.6) 1844 (20.7) 1960 (22.2) 2080 (23.6) <0.001

DII 1.186 (1.68) −1.11 (0.91) 0.75 (0.38) 1.92 (0.32) 3.18 (0.50) <0.001

Continuous variables are expressed as the mean (standard deviation, SD). Categorical variables are expressed as proportion (95% confidence interval). PIR, Poverty income ratio; BMI, Body 
mass index; DII, Dietary inflammatory index.

TABLE 2 Association between the DII and asthma prevalence.

Variable No. of Cases No. of Participants Odds Ratio (95% CI)

Model 1 Model 2 Model 3

DII

Quartile 1 1,182 9,322 Reference Reference Reference

Quartile 2 1,267 9,320 1.08 (1.00,1.18) 1.06 (0.97,1.15) 1.00 (0.92,1.09)

Quartile 3 1,356 9,320 1.17 (1.08,1.28) 1.10 (1.01,1.20) 1.03 (0.94,1.12)

Quartile 4 1,571 9,321 1.40 (1.29,1.51) 1.27 (1.17,1.38) 1.16 (1.06,1.27)

p for trend <0.001 <0.001 <0.001

Per 1 SD increase 1.13 (1.10,1.17) 1.09 (1.06,1.13) 1.05 (1.02,1.09)

Model 1, adjusted for none; Model 2, adjusted for age, gender, and race; Model 3, adjusted for adjusted for age, gender, race, education, BMI, drinking, smoking, PIR, and family history. DII, 
Dietary inflammatory index; OR, Odds ratio; CI, Confidence interval; SD, Standard deviation.

SD increase) and Model 2 (OR, 95% CI: 1.06, 0.97–1.15, Q2; OR, 95% 
CI: 1.10, 1.01–1.20, Q3; OR, 95% CI: 1.27, 1.17–1.38, Q4; OR, 95% 
CI: 1.09, 1.06–1.13, per 1 SD increase).

In dose–response analyses, a significant nonlinear association 
between DII and asthma was observed in the fully adjusted RCS 
regression model (p for nonlinearity = 0.0026). Furthermore, 
we identified 1.366 as the inflection point. At this inflection point, the 
trajectory transitioned from flat to obliquely upward (Figure 2).

3.3 Subgroup analysis

To further explore the relationship between DII and asthma 
among different populations, a series of subgroup analyses were 
conducted. As shown in Figure 3, in the majority of strata, including 
age, gender, and education, the risk of asthma increases with the rise 
of the DII. However, this correlation was not significant in the 
subgroups of NHB and those with normal weight.
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3.4 Sensitivity analysis

In sensitivity analyses, which aimed to eliminate the possible 
impact of missing values, the results were consistent with those of the 
main analysis. DII, whether as a continuous variable or a classification 
variable, exhibited a positive association with asthma in the sensitivity 
analysis (Supplementary Table S2).

4 Discussion

Studies on the relationship between DII and asthma are very 
limited and inconsistent. An Australian study of people aged over 
12 years showed that asthmatics had a higher DII score than healthy 
controls (24). In another cross-sectional study, the findings did not 
support the hypothesis that a pro-inflammatory diet is associated with 
poorer asthma outcomes (25). However, these results were based on 
single studies with small sample sizes. To our knowledge, our study is 
the first with a large sample size to explore the relationship between 
DII and asthma among adults. In our study, a significant positive 
association between DII and asthma was observed. The association 
between the exposure and outcome variables remained even after 
adjusting for other covariates. Furthermore, the dose–response 
analysis displayed a nonlinear positive relationship, with an inflection 
point at 1.366. Stratified analyses revealed positive correlations 
between DII and asthma in the majority of subgroups.

Although existing studies on the role of the DII in asthma are still 
relatively rare, an increasing body of evidence supporting the 
protective effect of dietary antioxidants on asthma has emerged over 
the last decade. In a population-based study of Italian adults, high 
intakes of oleic acid and olive oil were associated with a lower risk of 
asthma (26). Another observational study, enrolling 2,506 participants 
from a Swedish birth cohort, demonstrated that higher intakes of 
fruits, vegetables, and dietary antioxidants were associated with 
reduced odds of asthma in school-age children (27). In addition, 
animal studies have shown that vitamin E can modulate allergic 

mediators and alleviate asthma symptoms while reducing pulmonary 
inflammation and airway mucus secretion in mice (28). The findings 
of our study further support these perspectives.

In recent years, a growing body of evidence indicates that diet 
may influence the onset and progression of asthma by modulating 
cellular oxidative stress responses and inflammatory mediator levels 
in the body (29, 30). According to a recent study, increased intakes of 
fruits and vegetables have been shown to reduce asthma-related 
illnesses and modulate cytokine production in peripheral blood 
mononuclear cells among young children with asthma (31). 
Additional research suggests that vitamin D inhibits airway smooth 
muscle cell contraction and remodeling, reduces inflammation, and 
may play a role in the prevention and management of asthma (32). 
In animal experiments, Lee et al. found that resveratrol, a natural 
polyphenol present in various fruits and vegetables, effectively 
ameliorated airway inflammation and structural changes in a murine 
model of bronchial asthma (33). These findings also provide a 
theoretical basis for further investigating the link between DII 
and asthma.

It is well established that gut microbiota plays a pivotal role in 
gut-lung axis regulation (34, 35). Diet serves as a significant 
modulator of gut microbial composition and associated metabolites 
(36, 37). Short-chain fatty acids, produced by the fermentation of 
dietary fiber by gut microbiota, can sculpt the immunological 
environment in the lungs and modulate the severity of allergic 
inflammation (38). Moreira et al. found that high-fat diets induce 
alterations in gut microbiota composition, enhance intestinal 
permeability, and trigger inflammation (39). In a cross-sectional 
study, a significantly higher abundance of Escherichia was observed 
in children with asthma compared to the healthy controls (40). The 
increased abundance of Escherichia is associated with a diet high in 
protein (41). These findings offer further insights, suggesting that diet 
may significantly influence the progression of asthma through 
diverse mechanisms.

The RCS is a set of smoothly connected piecewise polynomials 
that can clearly describe the relationship between independent and 

FIGURE 2

Association between the DII and prevalence of asthma. The model was adjusted for age, gender, race, education, BMI, drinking, smoking, PIR, and 
family history. PIR, Poverty income ratio; BMI, Body mass index; DII, Dietary inflammatory index.
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FIGURE 3

Subgroup analyses of the association between the DII and asthma prevalence. The model was adjusted for age, gender, race, education, BMI, drinking, 
smoking, PIR, and family history. PIR, Poverty income ratio; BMI, Body mass index; DII, Dietary inflammatory index.

dependent variables (42). It was observed that when the DII exceeds 
1.366, the risk of asthma is significantly elevated. These findings 
suggest that controlling the DII within a certain range is crucial. It may 
provide new insights for asthma prevention.

In subgroup analyses, the association between DII and asthma 
prevalence was consistent across most subgroups, which 
demonstrates the broad applicability of our findings to the majority 
of individuals. Available research has indicated that NHB have a 
significantly lower vegetable intake compared to NHW (43). Our 
results also revealed that NHB have higher DII scores, which could 

explain why the relationship between DII and asthma was not 
significant in the NHB subgroup. Furthermore, we observed that the 
correlation between DII and asthma prevalence was not significant 
in obese individuals. This may be attributed to the significant impact 
that adipose tissue has on asthma. Research indicates that an excess 
of adipose tissue may contribute to airway inflammation and 
exacerbate asthma symptoms (44).

A key strength of the current study is its large sample size, which 
provides reliable conclusions and robust statistical power. Additionally, 
the adoption of RCS analysis in our study further demonstrates the 
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nonlinear associations between DII and asthma, potentially offering 
new evidence for health policymakers. Lastly, subgroup analyses and 
sensitivity analyses in this study enhanced the credibility of our 
assessment of the correlation between DII and asthma.

Some limitations of this study warrant clarification. Firstly, due to its 
cross-sectional design, this study can only suggest associations rather 
than infer causality. Furthermore, potential subjective bias may arise 
from self-reported dietary information and asthma status in the 
NHANES database. Finally, it should be noted that the current study was 
based on participants from the United States. Therefore, further research 
is essential to determine the universal applicability of these findings.

5 Conclusion

In conclusion, our study, based on NHANES data, indicated a 
nonlinear positive association between DII and asthma. This result 
suggests new avenues for reducing asthma prevalence rates through 
dietary interventions. Future prospective studies are urgently needed 
to confirm these findings and strengthen the basis for asthma 
prevention strategies.
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