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Background: Asthma, a chronic respiratory disease, is influenced by diet, which 
plays a key role in its onset and progression. The Children’s Dietary Inflammatory 
Index (C-DII) measures how diets impact inflammation in children and 
adolescents (6–19 years). The C-DII is a metric that quantifies the inflammatory 
potential of diet, with higher scores indicating more pro-inflammatory diets 
and a scoring range from −6.25 to 6.02. This study investigates the association 
between C-DII and asthma prevalence in US children and adolescents.

Methods: Data from the National Health and Nutrition Examination Survey 
(NHANES) 2013–2018 and 2021–2023 were utilized. Data from participants 
aged 6–19 years who completed dietary interviews and provided asthma-related 
information was included. The C-DII was calculated using 24-h dietary recall 
data, and data were categorized into quartiles. Asthma diagnosis was based on 
self-reported doctor diagnosis and current asthma status. Multivariable logistic 
regression, smooth curve fitting, threshold benefit analysis, and Restricted Cubic 
Spline (RCS) analyses were performed to evaluate the relationship between 
C-DII and asthma prevalence.

Results: Data from 6,523 children and adolescents aged 6–19 years were 
analyzed. The median C-DII score was-0.026, and asthma prevalence was 18.63%. 
A U-shaped relationship was observed between C-DII and asthma prevalence, 
with the lowest risk at a C-DII score of-0.99. Subgroup analyses revealed 
variability in the association between C-DII and asthma across demographic 
groups. Age-based analysis indicated significant interaction (p = 0.047), with the 
weakest association observed in the 17–19 years age group. Ethnicity showed 
significant differences, particularly in Mexican-American (OR = 0.83, 95% CI: 
0.70–0.97) and Non-Hispanic Black (OR = 1.56, 95% CI: 1.36–1.80) subgroups.

Conclusion: This study underscores a significant non-linear association between 
C-DII and asthma prevalence in US children and adolescents, emphasizing 
the importance of balanced dietary patterns in mitigating asthma risk. Future 
longitudinal studies are warranted to confirm these findings and explore causal 
pathways.
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1 Introduction

Characterized by airway hyperresponsiveness and inflammation, 
asthma is a chronic respiratory disorder that manifests with symptoms 
such as episodic wheezing, coughing, and breathlessness, which affects 
a significant proportion of the global pediatric population (1, 2). In 
the United  States alone, approximately 7.7% of children and 
adolescents under the age of 18 are diagnosed with asthma, making it 
one of the most common chronic diseases in this demographic (3). 
Globally, asthma affects an estimated 300  million people, with 
increasing prevalence noted over the past few decades (4, 5). This 
upward trend highlights the urgent need to identify modifiable factors 
associated with its onset and progression. Recent evidence suggests 
that diet play a crucial role in the prevention and management of 
asthma, offering promising avenues for intervention in at-risk 
populations (6–8).

Inflammation of a persistent but mild nature is extensively 
associated with the development of asthma, with a particular emphasis 
on its impact in the pediatric population (9). Emerging evidence 
suggests that dietary patterns and specific nutrients can exert pro-or 
anti-inflammatory effects, potentially influencing asthma risk and 
severity through mechanisms such as modulation of the intestinal 
microbiota, oxidative stress, and immune system regulation (10, 11). 
Diets high in refined sugars, saturated fats, and processed foods 
promote systemic inflammation and increase the risk of chronic 
diseases such as cardiovascular disease, diabetes, and arthritis (12). In 
contrast, diets rich in fruits, vegetables, whole grains, and omega-3 
fatty acids contain bioactive compounds like antioxidants and fiber 
that mitigate inflammation and enhance immune function (13). 
Recent studies and a systematic review highlight the role of dietary 
patterns in modulating inflammation and improving health outcomes 
in individuals with chronic inflammatory conditions (14). To quantify 
the inflammatory potential of diets, the Dietary Inflammatory Index 
(DII) was developed, incorporating the complex interactions of 
multiple nutrients and dietary components into a single composite 
score (15). A modified version, the Children’s Dietary Inflammatory 
Index (C-DII), is specifically tailored for use in pediatric populations 
and has a scoring range from −6.25 to 6.02 (16). Studies have 
demonstrated that higher DII scores are associated with increased 
markers of systemic inflammation and worse asthma outcomes in 
adults (17). However, while these associations are well-established in 
adults, the relationship between C-DII and asthma risk or severity in 
children remains underexplored, underscoring the need for further 
investigation in this demographic.

To address the aforementioned research gaps and provide further 
insights, this study aimed to investigate the association between the 
C-DII and asthma prevalence among US children and adolescents.

2 Methods

2.1 Data source and study participants

Data were obtained from the National Health and Nutrition 
Examination Survey (NHANES), a nationally representative program 
assessing health and nutritional status. NHANES is an investigative 
initiative that evaluates the health and nutritional conditions of both 
adult and pediatric populations in the United States by employing a 

blend of questionnaires and medical assessments. Protocols for this 
research were sanctioned by the Institutional Review Board of the 
National Center for Health Statistics, and written consent was 
obtained from all participants (36).

This analysis utilized data from the 2013–2018 and 2021–
2023 cycles of NHANES, ensuring comprehensive and representative 
findings for the US pediatric population. Children under 6 were 
excluded due to differences in dietary patterns and nutritional needs, 
which may affect asthma prevalence differently.

Eligibility for the study, which drew participants from NHANES 
conducted over the periods 2013–2018 and 2021–2023, was 
determined by the following criteria: (i) participants were aged 6 to 
19; (ii) they completed dietary interviews (We used data averaged 
from 2 days to maximize sample size and representativeness. Extreme 
values were defined as energy intake exceeding ±3 standard 
deviations from the sample mean and excluded from analysis.); and 
(iii) they provided asthma-related information through 
medical questionnaires.

The study utilized NHANES data and included 41,333 
participants. After excluding individuals outside the 6–19 age range 
(N = 30,686), those with missing dietary data (N = 4,118), and missing 
asthma data (N = 6), a final sample of 6,523 children and adolescents 
was analyzed to investigate the relationship between the C-DII and 
asthma. They were included in the final dataset for analysis (Figure 1).

2.2 C-DII assessment

C-DII aligns closely with that of its adult counterpart, the 
DII. While the adult DII incorporates 45 dietary components, the 
C-DII employs a subset of 25 parameters, reflecting key differences in 
dietary patterns between children and adults (18). The C-DII is 
calculated using 24-h dietary recall data, focusing on nutrient intake. 
Specifically, it incorporates the following 25 nutrients: carbohydrates, 
proteins, total fats, alcohol, dietary fiber, cholesterol, saturated fatty 
acids, monounsaturated fatty acids, polyunsaturated fatty acids, 
niacin, thiamin, riboflavin, vitamin B12, vitamin B6, iron, magnesium, 
zinc, selenium, vitamin A, vitamin C, vitamin E, folate, beta-carotene, 
energy, and total sugars. Each nutrient is assigned a dietary 
inflammatory score based on its pro-or anti-inflammatory properties.

FIGURE 1

Flowchart of participant inclusion/exclusion.
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The validity of the C-DII has been well-established, showing a 
significant positive correlation with biomarkers of chronic 
inflammation and oxidative stress (19). This relationship has been 
consistently observed in both pediatric and adolescent populations. 
The calculation of the C-DII involves three key steps. First, a Z-score 
is computed by subtracting the global mean daily intake from an 
individual’s reported intake and dividing this value by the global 
standard deviation. Second, to adjust for skewness and ensure a 
normal distribution, these Z-scores are converted into percentiles, 
doubled, and offset by subtracting one. Finally, the adjusted percentiles 
are multiplied by the nutrient-specific inflammatory scores, and the 
resulting values are summed to calculate the overall C-DII score. 
We ensured the reliability of the results through multiple data checks 
(e.g., random sampling to verify calculation consistency).

In this study, participants were divided into four quartiles based 
on their average C-DII scores: the first quartile (−6.25 ≤ 
C-DII ≤ −1.95), the second quartile (−1.95 < C-DII ≤ −0.03), the 
third quartile (−0.03 < C-DII ≤ 1.90), and the fourth quartile (1.90 < 
C-DII ≤ 6.02). This stratification facilitates a detailed analysis of the 
association between dietary inflammatory potential and various 
health outcomes in pediatric populations.

2.3 Asthma

Asthma diagnosis was ascertained from the US National Health 
Interview Survey questionnaire section within NHANES. Participants 
were identified as having current asthma if they affirmed two queries: 
‘Has a doctor ever diagnosed you with asthma?’ and ‘Do you currently 
have asthma? (Currently experiencing symptoms.)’. Participants were 
classified as asthmatic only if both conditions were present. Proxy 
responses were accepted for participants under 16. Controls were 
those without current asthma, who negated these questions.

2.4 Covariates

Covariates including age, sex, race/ethnicity, poverty income ratio 
(PIR), and BMI were considered. A higher PIR indicates a higher 
socioeconomic status and lower poverty, while a lower PIR reflects 
greater poverty and lower socioeconomic status. Data for these 
variables are publicly accessible via the NHANES official website.1

2.5 Statistical analyses

The 24-h dietary recall data, which accounts for non-response and 
recall day, was utilized with corresponding sample weights for logistic 
regression analysis to reflect the US adolescent population, aligning 
with NHANES’s multistage sampling design. Continuous variables are 
presented as weighted means with 95% confidence intervals (CI), 
while categorical variables are expressed as weighted proportions.

Multivariable logistic regression was employed to assess the 
association between the C-DII and asthma, with outcomes expressed 

1  https://www.cdc.gov/nchs/nhanes/

as odds ratios (OR) and 95% confidence intervals. Three models were 
estimated: Model 1 (unadjusted), Model 2 (adjusted for age and 
gender), and Model 3 (further adjusted for ethnicity, BMI, and PIR). 
All models incorporated sampling weights. Confounding was assessed 
using a change-in-estimate criterion (<10% threshold), and 
interactions were tested with multiplicative terms and Wald tests. 
Consequently, we  performed smooth curve fitting to analyze the 
threshold effects and identify the most significant inflection point.

Additionally, we  performed subgroup analyses on the fully 
adjusted model across various demographic and socioeconomic 
strata: gender (males and females), age (6–9, 10–13, 14–16, and 17–19 
years), ethnicity (Mexican American, other Hispanic, Non-Hispanic 
White, Non-Hispanic Black, and other races), PIR, (≤1.3, poor/
low-income; 1.3–3.5, middle-income; and > 3.5, economically well-
off), and BMI (Underweight, Normal, Overweight, and Obese). BMI 
categories are based on the WHO 2006/2007 classification, using 
BMI-for-age Z-scores by age and sex.

Finally, we employed Restricted Cubic Spline (RCS) analysis to 
investigate the non-linear association between the C-DII and asthma.

Statistical power calculations were not prespecified; sample size 
was constrained by available data. Analyses were conducted using 
Python 3.11.8, with descriptive statistics for all participants employing 
two-tailed tests at a significance threshold of p < 0.05.

3 Results

3.1 Study population and weighted baseline 
characteristics

The study included 6,523 children and adolescents aged 
6–19 years, with a median age of 12 years. The gender distribution was 
nearly balanced (50.57% females, 49.43% males). The majority of 
participants were aged 10–13 years (29.80%), followed by 6–9 years 
(28.91%), 14–16 years (22.09%), and 17–19 years (19.19%). Racial/
ethnic composition was 30.19% Non-Hispanic White, 22.50% 
Non-Hispanic Black, 20.27% Mexican American, 10.56% Other 
Hispanic, and 16.48% other races (including multi-racial). The median 
PIR was 1.85, with 37.01% ≤1.3 (poor/low-income), 43.17% 1.3–3.5 
(middle-income), and 19.82% >3.5 (economically well-off). BMI 
categories included 47.22% normal weight, 29.07% obese, 22.59% 
overweight, and 1.12% underweight. The median C-DII score 
was-0.026, and asthma prevalence was 18.63%.

The study population’s baseline characteristics were compared 
across the four groups of C-DII. Demographic variables are reported 
with p-values indicating statistical differences.

Gender distribution showed no significant difference across 
C-DII groups (p = 0.056), with 50.57% females and 49.43% males. 
Age distributions were also not significantly different across groups, 
with the following breakdown: 6–9 years (28.91%, p = 0.281), 
10–13 years (29.80%), 14–16 years (22.09%), and 17–19 years 
(19.19%). These data provide a demographic overview, showing that 
both gender and age distributions were generally similar across 
C-DII groups. However, significant associations were found between 
C-DII and race/ethnicity (p = 0.001), PIR (p = 0.009), and BMI 
(p = 0.012), indicating potential differences in these covariates 
across groups (Table 1). There was no significant evidence of gender 
or age differences that could influence the relationship between 
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C-DII and asthma, though race, PIR, and BMI showed 
notable variation.

3.2 C-DII and asthma: overall analyses

3.2.1 Logistic regression analysis
Building on a significant univariate association between asthma 

prevalence and C-DII quartiles observed in Table 1 (p = 0.016), the 
association between C-DII quartiles and asthma risk was evaluated 
through logistic regression, showing: Quartile 2: A significant 
protective effect (OR = 0.82, p = 0.034). Quartile 3: The protective 
effect weakened (OR = 0.94, p = 0.021). Quartile 4: Suggested an 
increased risk (OR = 1.01, p = 0.012). Trend Analysis: A significant 
graded relationship was observed across quartiles (p < 0.01; 
Table 2).

3.2.2 Inflection point and RCS analysis
We performed smooth curve fitting and threshold benefit analysis 

on the results (Figure 2). The inflection point at C-DII = −0.99 (in 

Quartile 2) indicated a change in the relationship pattern, with the 
lowest asthma risk around this value. Below this point, less 
inflammatory diets were associated with higher asthma risk. While 
above it, increased C-DII scores were also associated with greater 
asthma risk, revealing a U-shaped trend. The Restricted Cubic Spline 
(RCS) analysis confirmed this non-linear pattern, demonstrating a 
relatively stable risk at moderate C-DII scores, but an escalating risk 
at the extremes (Figure 3).

3.3 C-DII and asthma: subsidiary analyses 
and P for interaction

We assessed confounding by gender, age, ethnicity, PIR, and BMI, 
noting minimal impact on estimates (<2% change; Table 2), then 
tested interactions with C-DII to evaluate effect modification on 
asthma across these subgroups (Table 3).

Gender: The interaction was not statistically significant 
(p = 0.258), with males (OR = 1.13, 95% CI: 1.00–1.28) and females 
(OR = 0.88, 95% CI: 0.78–1.00) showing slightly different point 

TABLE 1  Weighted baseline characteristics comparison based on C-DII quartile groups (Q1–Q4).

Subgroup Overall 
(n = 6,523)

Q1 
(n = 1,631)

Q2 
(n = 1,631)

Q3 
(n = 1,630)

Q4 
(n = 1,631)

p-value

Asthma 0.016

Yes 1,215 (18.63%) 308 (18.88%) 273 (16.74%) 308 (18.9%) 326 (19.99%)

No 5,308 (81.37%) 1,323 (81.12%) 1,358 (83.26%) 1,322 (81.1%) 1,305 (80.01%)

Gender 0.056

Female 3,299 (50.57%) 835 (51.20%) 799 (48.99%) 841 (51.60%) 824 (50.52%)

Male 3,224 (49.43%) 796 (48.80%) 832 (51.01%) 789 (48.40%) 807 (49.48%)

Age 0.281

6–9 years 1886 (28.91%) 460 (28.20%) 508 (31.15%) 445 (27.30%) 473 (29.00%)

10–13 years 1944 (29.80%) 500 (30.66%) 465 (28.51%) 495 (30.37%) 484 (29.68%)

14–16 years 1,441 (22.09%) 357 (21.89%) 328 (20.11%) 387 (23.74%) 369 (22.62%)

17–19 years 1,252 (19.19%) 314 (19.25%) 330 (20.23%) 303 (18.59%) 305 (18.70%)

Race/Ethnicity 0.001

Mexican American 1,322 (20.27%) 361 (22.13%) 364 (22.32%) 322 (19.75%) 275 (16.86%)

Other Hispanic 689 (10.56%) 176 (10.79%) 172 (10.55%) 171 (10.49%) 170 (10.42%)

Non-Hispanic White 1969 (30.19%) 487 (29.86%) 492 (30.17%) 523 (32.09%) 467 (28.63%)

Non-Hispanic Black 1,468 (22.50%) 328 (20.11%) 340 (20.85%) 342 (20.98%) 458 (28.08%)

Other races (including multi-racial) 1,075 (16.48%) 279 (17.11%) 263 (16.13%) 272 (16.69%) 261 (16.00%)

PIR 0.009

< 1.3 2,414 (37.01%) 591 (36.24%) 570 (34.95%) 579 (35.52%) 674 (41.32%)

1.3–3.5 2,816 (43.17%) 671 (41.14%) 726 (44.51%) 711 (43.62%) 708 (43.41%)

> 3.5 1,293 (19.82%) 369 (22.62%) 335 (20.54%) 340 (20.86%) 249 (15.27%)

BMI Categories 0.012

Underweight 73 (1.12%) 10 (0.61%) 14 (0.86%) 25 (1.53%) 24 (1.47%)

Normal 3,080 (47.22%) 699 (42.86%) 777 (47.64%) 802 (49.20%) 802 (49.17%)

Overweight 1,474 (22.59%) 403 (24.71%) 379 (23.24%) 359 (22.02%) 333 (20.42%)

Obese 1896 (29.07%) 519 (31.82%) 461 (28.26%) 444 (27.24%) 472 (28.94%)

Mean ± SD for continuous variables: the p-value was calculated by the weighted linear regression model. (%) for categorical variables: the p-value was calculated by the weighted chi-square 
test.
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TABLE 2  Logistic regression analysis table.

Model Model 1 OR 
(95% CI)

Model 1 
p-value

Model 2 OR 
(95% CI)

Model 2 
p-value

Model 3 OR 
(95% CI)

Model 3 
p-value

Quartile 2 0.83 (0.82, 0.83) 0.034 0.82 (0.82, 0.82) 0.034 0.82 (0.82, 0.82) 0.034

Quartile 3 0.95 (0.95, 0.95) 0.021 0.95 (0.95, 0.95) 0.021 0.94 (0.94, 0.95) 0.021

Quartile 4 1.03 (1.03, 1.04) 0.012 1.03 (1.03, 1.03) 0.012 1.01 (1.01, 1.01) 0.012

P for trend nan 0.001 nan 0.002 nan 0.003

The logistic regression models were adjusted for all covariates. Odds Ratios (OR) and 95% Confidence Intervals (CI) are reported. p-values were derived from the weighted regression models. 
Model 1: Unadjusted; Model 2: Adjusted for age and gender; Model 3: Adjusted for age, gender, ethnicity, BMI, and PIR.

FIGURE 2

Smooth curve fitting showing U-shaped relationship between C-DII and asthma.

FIGURE 3

Restricted Cubic Spline (RCS) analysis of C-DII and asthma.
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estimates for C-DII and asthma prevalence; however, the overlapping 
confidence intervals including 1.00 indicate no clear gender-
specific effect.

Age: The age-based analysis was divided into four subgroups (6–9, 
10–13, 14–16, 17–19 years), showing a significant interaction with 
C-DII (P for interaction = 0.047). For the 17–19 years group, the odds 
ratio was 0.86 (95% CI: 0.73–1.01, p = 0.061), which was not 
statistically significant. This suggests a potential trend toward a weaker 
association between C-DII and asthma in older adolescents, but the 
finding is not conclusive and warrants further exploration.

Ethnicity: Mexican-American (OR = 0.83, 95% CI: 0.70–0.97) and 
Non-Hispanic Black (OR = 1.56, 95% CI: 1.36–1.80) subgroups 
demonstrated significant associations compared to other ethnic groups 
(P for interaction = 0.392). These findings indicate that C-DII is 
associated with asthma risk in specific ethnic subgroups, but there is 
no clear evidence of differential effects across ethnicities. Variations in 
dietary patterns or genetic predispositions could be explored further, 
though the current data do not confirm an interaction by ethnicity.

PIR: No significant interaction was observed across poverty 
income ratio (PIR) groups (P for interaction = 0.961), suggesting that 
the effect of C-DII on asthma risk is not significantly modified by 
socioeconomic status overall. However, subgroup analysis revealed 
significant direct associations in specific PIR categories: PIR < 1.3 
(OR = 1.23, 95% CI: 1.09–1.40) and PIR > 3.5 (OR = 0.88, 95% CI: 
0.75–1.03). These findings indicate that C-DII may influence asthma 

risk in certain socioeconomic subgroups independently, despite the 
lack of a significant interaction across all PIR levels.

BMI: Subgroup analyses revealed a significant interaction between 
BMI and C-DII in relation to asthma prevalence (P for 
interaction = 0.049). The odds ratios (OR) for asthma across BMI 
categories (underweight, normal weight, overweight, and obese) were 
not significantly different from 1, indicating no significant association 
between BMI and asthma prevalence. These results indicate that BMI 
did not significantly modify the association between C-DII and 
asthma (Figures 4, 5).

4 Discussion

In this study, we investigated the association between the C-DII 
and asthma prevalence among US children and adolescents, revealing 
a distinctive non-linear, U-shaped relationship. The inflection point 
at a C-DII score of −0.99 represents a critical threshold where dietary 
inflammatory potential shifts in its impact on asthma prevalence. 
Specifically, diets with moderate C-DII scores (near the inflection 
point) were associated with the lowest asthma risk, while both low 
and high C-DII scores correlated with increased asthma prevalence. 
While the OR in the 4th quartile (OR = 1.01) suggests a minimal 
increase in risk, it indicates that a pro-inflammatory diet may still 
contribute to asthma risk, albeit weakly.

TABLE 3  Subgroup analysis table.

Subgroup OR (95% CI) p-value P for interaction

Gender 0.258

Female 0.88 (0.78, 1.00) 0.053

Male 1.13 (1.00, 1.28) 0.053

Age 0.047

6–9 years 1.05 (0.91, 1.20) 0.496

10–13 years 1.07 (0.93, 1.22) 0.334

14–16 years 1.00 (0.86, 1.16) 0.975

17–19 years 0.86 (0.73,1.01) 0.061

Race/Ethnicity 0.392

Mexican American 0.83 (0.70, 0.97) 0.021

Other Hispanic 0.94 (0.77,1.16) 0.581

Non-Hispanic White 0.89 (0.77,1.02) 0.086

Non-Hispanic Black 1.56 (1.36,1.80) 0.000

Other races (including multi-racial) 0.84 (0.70,1.00) 0.115

PIR 0.961

< 1.3 1.23 (1.09,1.40) 0.001

1.3–3.5 0.90 (0.79,1.02) 0.089

> 3.5 0.88 (0.75,1.03) 0.029

BMI Categories 0.049

Underweight 0.97 (0.68,1.29) 0.843

Normal 0.99 (0.96,1.03) 0.847

Overweight 0.96 (0.91,1.03) 0.108

Obese 0.98 (0.94,1.06) 0.402

Age, gender, race/ethnicity, poverty income ratio (PIR), and BMI were adjusted. In the subgroup analysis, the model is not adjusted for the stratification variable itself.
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The elevated asthma risk at extreme ends of the C-DII spectrum 
suggests that not only highly inflammatory diets, but also overly anti-
inflammatory diets, may disrupt immune homeostasis and exacerbate 
susceptibility to asthma.

This U-shaped relationship contrasts with the predominantly 
linear associations observed in adult populations, where higher DII 
scores are generally linked to greater asthma risk (20, 21). The 
difference may be  attributed to developmental and metabolic 
distinctions between adolescents and adults (22). Adolescents 
experience rapid physiological changes, including heightened 
metabolic demands and evolving immune systems, which could 
make them more sensitive to imbalances in dietary inflammatory 
potential (23). Furthermore, the interplay between dietary patterns 
and environmental exposures, such as allergens or air pollution, 
might be  more pronounced during adolescence due to ongoing 
biological development (24). These results underscore the need for 
tailored dietary interventions that account for the unique 
physiological and environmental contexts of adolescents, 
emphasizing a balanced dietary approach to mitigate asthma risk. 
Our findings emphasize the importance of dietary balance during 
this critical developmental period. A moderate C-DII eating pattern, 
aligned with the inflection point of-0.99 identified in our results, 
reflects a balanced diet that includes both anti-inflammatory and 
nutrient-dense foods. Practically, this could mean a diet rich in fruits 
(e.g., berries, citrus), vegetables (e.g., leafy greens, broccoli), whole 
grains (e.g., quinoa, brown rice), lean proteins (e.g., fish, poultry), 
and healthy fats (e.g., nuts, olive oil, omega-3-rich fish like salmon), 
while limiting but not eliminating pro-inflammatory components 
like red meat or refined carbohydrates (25). This balance supports 
immune function and growth without tipping into extremes. 
Conversely, excessively anti-inflammatory diets—such as those overly 
reliant on low-calorie, plant-based foods (e.g., exclusive focus on 
leafy greens, fruits, or vegetable juices) while avoiding animal 

products or fats entirely—might lack essential nutrients like vitamin 
D (from fatty fish or fortified dairy), zinc (from meat or shellfish), 
and protein (from legumes or lean meats), which are critical for 
immune development and growth (26). For instance, a child on a 
highly restrictive vegan diet without supplementation could face 
these deficits. Similarly, diets high in pro-inflammatory 
components—such as frequent consumption of processed foods (e.g., 
fast food, sugary snacks), saturated fats (e.g., fried foods, butter), and 
refined sugars—can increase systemic inflammation, potentially 
worsening asthma symptoms (27). Recent studies have shown that 
ultra-processed foods, which contain additives and chemicals, are 
strongly linked to increased inflammation, which could contribute to 
asthma exacerbation (28).

These findings apply to both children and adolescents, 
highlighting the importance of balanced diets across these age groups.

Subgroup analyses revealed significant interactions between 
C-DII and key demographic variables, including gender, age, ethnicity, 
socioeconomic status, and BMI, underscoring the nuanced influence 
of dietary inflammation on asthma risk (Figure 5). Younger children 
demonstrated stronger associations between C-DII and asthma 
compared to older adolescents, possibly due to the immaturity of their 
immune systems, which may be  more reactive to inflammatory 
dietary components (29). This heightened susceptibility during early 
developmental stages aligns with the critical role of nutrition in 
shaping immune and respiratory health during childhood.

The analysis showed no significant interaction between BMI and 
C-DII in relation to asthma. This may be due to the multifactorial 
nature of immune and inflammatory responses, which are influenced 
by genetics, dietary diversity, and environmental factors, potentially 
masking BMI’s effect (30). Additionally, BMI categories may 
oversimplify the complex relationship between body weight and 
inflammation, especially in children and adolescents, whose metabolic 
changes may not be fully captured by BMI classification (31).

FIGURE 4

Adjusted odds ratios of asthma risk.
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Ethnic disparities were also evident, with Non-Hispanic Black 
populations experiencing stronger effects of dietary inflammation on 
asthma risk compared to other ethnic groups. These differences may 
reflect cultural dietary patterns, such as higher consumption of 
traditional foods with varying inflammatory potentials, or genetic 
predispositions influencing inflammatory responses (32). 
Socioeconomic status further modulated these associations, with 
individuals from lower-income households exhibiting a stronger link 
between C-DII and asthma (33). Limited access to anti-inflammatory 
foods, coupled with greater reliance on inexpensive, processed, 
pro-inflammatory diets, could contribute to this heightened risk.

Our findings align with previous research emphasizing the role of 
chronic low-grade inflammation in asthma pathogenesis, further 
supporting the biological plausibility of dietary components 

influencing systemic inflammation and, consequently, respiratory 
health. This study adds to the growing body of evidence by being one 
of the first to examine the relationship between C-DII and asthma in 
pediatric populations, providing critical insights into the dietary 
factors that may contribute to asthma prevention and 
management strategies.

There are several limitations to this study. First, as a cross-
sectional study, it was not possible to establish a causal relationship 
between the Children’s Dietary Inflammatory Index (C-DII) and 
asthma prevalence. Secondly, the self-reported nature of asthma 
diagnosis in the NHANES dataset may introduce inaccuracies 
compared to clinical diagnoses, potentially leading to 
misclassification bias. And because of the exclusive reliance on 24-h 
dietary recall data, which may be subject to recall bias and may not 

FIGURE 5

Forest plot of subgroup analysis.
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fully represent habitual dietary intake. Thirdly, while we analyzed 
the relationship between C-DII and asthma, the NHANES dataset 
does not include information on asthma severity, such as the 
frequency or severity of exacerbations, limiting our ability to 
stratify asthma outcomes by severity. Furthermore, selection bias 
and recall bias cannot be entirely ruled out, as dietary intake and 
asthma status were self-reported. Another limitation is that this 
study focused on US adolescents, and the findings may not 
be generalizable to other populations with differing dietary patterns, 
environmental exposures, and genetic backgrounds. Finally, 
although we adjusted for key confounders such as age, sex, BMI, 
socioeconomic status, and ethnicity, residual confounding by 
unmeasured factors may still exist. For example, region—potentially 
influencing asthma prevalence due to variations in weather, air 
quality, or environmental factors—was not accounted for in this 
analysis. Due to the limitations of the NHANES dataset, data on 
medication use and physical activity were not included in 
the analysis.

Despite these limitations, this study has several strengths. To our 
knowledge, it is one of the first to investigate the relationship between 
C-DII and asthma in a pediatric population, providing novel insights 
into the role of dietary inflammation in asthma risk. The use of a 
nationally representative, multiethnic sample strengthens the 
generalizability of our findings within the US context. Moreover, the 
inclusion of a validated dietary inflammatory index tailored for 
children allows for a more nuanced understanding of dietary 
contributions to asthma risk (34, 35).

For future research, longitudinal studies are necessary to 
establish causal links between dietary inflammation and asthma. 
Exploring the relationship between C-DII and asthma across 
different severities and phenotypes, such as allergic and 
non-allergic asthma, would provide further clinical insights. 
Additionally, prospective studies in more diverse populations are 
essential to validate these findings and inform dietary guidelines 
for asthma prevention and management in children 
and adolescents.

5 Conclusion

This study highlights a significant, non-linear association between 
the C-DII and asthma risk in US children and adolescents, revealing 
a U-shaped relationship with the lowest risk at moderate C-DII scores. 
These findings underscore the importance of balanced dietary patterns 
in mitigating asthma risk. Subgroup analyses suggest that age and BMI 
significantly influence the C-DII–asthma relationship, while gender, 
ethnicity, and socioeconomic status show varying subgroup effects 
without significant interactions, suggesting the need for tailored 
dietary interventions targeting high-risk groups.

Despite its limitations, including the cross-sectional design and 
reliance on self-reported data, this study provides novel insights into 
the role of dietary inflammation in pediatric asthma. Future 
longitudinal studies are essential to confirm these findings, explore 
causal relationships, and develop evidence-based dietary guidelines 
for asthma prevention and management in children and adolescents. 
These results contribute to the growing understanding of how 
nutrition impacts respiratory health and emphasize the potential of 
dietary strategies as a component of asthma management.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The study utilized data from the National Health and Nutrition 
Examination Survey (NHANES), which had already been approved 
by the Ethics Review Board of the National Center for Health Statistics 
(NCHS), Centers for Disease Control and Prevention (CDC). As this 
study was a secondary analysis of publicly available data, additional 
ethical approval was not required. Informed consent was obtained 
from all NHANES participants, including parental or guardian 
authorization for minors, in compliance with ethical guidelines related 
to pediatric research. The studies were conducted in accordance with 
the local legislation and institutional requirements. Written informed 
consent for participation was not required from the participants or the 
participants’ legal guardians/next of kin in accordance with the 
national legislation and institutional requirements.

Author contributions

JX: Conceptualization, Data curation, Formal analysis, 
Visualization, Writing – original draft. MZ: Data curation, Formal 
analysis, Validation, Writing – review & editing. YS: Methodology, 
Supervision, Visualization, Writing  – original draft. QC: Project 
administration, Supervision, Validation, Writing – review & editing. 
YZ: Conceptualization, Project administration, Supervision, 
Validation, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Acknowledgments

Deep gratitude is owed to the National Health and Nutrition 
Examination Survey (NHANES) team, along with its 
contributing individuals.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation of 
this manuscript.

https://doi.org/10.3389/fnut.2025.1538378
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Xu et al.� 10.3389/fnut.2025.1538378

Frontiers in Nutrition 10 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
	1.	Al-Harbi A, Alanazi T, Alghamdi H, Alberreet M, Alkewaibeen A, Alkhalifah A, 

et al. Prevalence of insomnia among patients with bronchial asthma. J Asthma Allergy. 
(2022) 15:111–6. doi: 10.2147/JAA.S345086

	2.	Harvey BJ, McElvaney NG. Sex differences in airway disease: estrogen and airway 
surface liquid dynamics. Biol Sex Differ. (2024) 15:56. doi: 10.1186/s13293-024-00633-z

	3.	De La Cruz N, Hines JH, Shaw C, Appiah D. Geographic disparity in asthma 
hospitalizations: the role of race/ethnicity, socioeconomic status, and other factors. 
Cureus. (2021) 13:e20015. doi: 10.7759/cureus.20015

	4.	Hoffman S, Nolin J, McMillan D, Wouters E, Janssen-Heininger Y, Reynaert N. 
Thiol redox chemistry: role of protein cysteine oxidation and altered redox homeostasis 
in allergic inflammation and asthma. J Cell Biochem. (2015) 116:884–92. doi: 
10.1002/jcb.25017

	5.	Crump C, Sundquist J, Sundquist K. Preterm or early term birth and long-term risk 
of asthma into midadulthood: a national cohort and cosibling study. Thorax. (2023) 
78:653–60. doi: 10.1136/thorax-2022-218931

	6.	Gvalani A, Athavale A, Gupta D. Biomarkers in severe asthma: identifying the 
treatable trait. Lung India. (2023) 40:59–67. doi: 10.4103/lungindia.lungindia_271_22

	7.	Mougey EB, Chen C, Tantisira KG, Blake KV, Peters SP, Wise RA, et al. 
Pharmacogenetics of asthma controller treatment. Pharm J. (2013) 13:242–50. doi: 
10.1038/tpj.2012.5

	8.	Chen X, Miao M, Zhou M, Chen J, Li D, Zhang L, et al. Poly-L-arginine promotes 
asthma angiogenesis through induction of FGFBP1  in airway epithelial cells via 
activation of the mTORC1-STAT3 pathway. Cell Death Dis. (2021) 12:761. doi: 
10.1038/s41419-021-04055-2

	9.	van der Velden AIM, van den Berg BM, van den Born BJ, Galenkamp H, Ijpelaar 
DHT, Rabelink TJ. Ethnic differences in urinary monocyte chemoattractant protein-1 and 
heparanase-1 levels in individuals with type 2 diabetes: the HELIUS study. BMJ Open 
Diabetes Res Care. (2022) 10:e003003. doi: 10.1136/bmjdrc-2022-003003

	10.	Chen Z, Wu J, Ai K, Bu Z, Niu W, Li M. Trends in Children’s dietary inflammatory 
index and association with prediabetes in U.S. adolescents. Nutr Diabetes. (2024) 14:94. 
doi: 10.1038/s41387-024-00349-4

	11.	Xiong S, Jiang J, Wan F, Tan D, Zheng H, Xue H, et al. Cordyceps militaris extract 
and Cordycepin alleviate oxidative stress, modulate gut microbiota and ameliorate 
intestinal damage in LPS-induced piglets. Antioxidants (Basel). (2024) 13:441. doi: 
10.3390/antiox13040441

	12.	Livingstone TL, Beasy G, Mills RD, Plumb J, Needs PW, Mithen R, et al. Plant 
bioactives and the prevention of prostate Cancer: evidence from human studies. 
Nutrients. (2019) 11:2245. doi: 10.3390/nu11092245

	13.	Szypowska A, Regulska-Ilow B, Zatońska K, Szuba A. Comparison of intake of 
food groups based on dietary inflammatory index (DII) and cardiovascular risk factors 
in the middle-age population of lower Silesia: results of the PURE Poland study. 
Antioxidants (Basel). (2023) 12:285. doi: 10.3390/antiox12020285

	14.	Yu X, Pu H, Voss M. Overview of anti-inflammatory diets and their promising 
effects on non-communicable diseases. Br J Nutr. (2024) 132:898–918. doi: 
10.1017/S0007114524001405

	15.	Shafiee NH, Razalli NH, Shahril MR, Muhammad Nawawi KN, Mohd Mokhtar 
N, Abd Rashid AA, et al. Dietary inflammatory index, obesity, and the incidence of 
colorectal Cancer: findings from a hospital-based case-control study in Malaysia. 
Nutrients. (2023) 15:982. doi: 10.3390/nu15040982

	16.	Khan S, Wirth MD, Ortaglia A, Alvarado CR, Shivappa N, Hurley TG, et al. 
Design, development and construct validation of the Children’s dietary inflammatory 
index. Nutrients. (2018) 10:993. doi: 10.3390/nu10080993

	17.	Koç N, Ersoy N, Yardimci H, Külhaş Çelik İ, Civelek E. Evaluation of healthy 
eating index and Children’s diet inflammatory index according to asthma severity group. 
BMC Pediatr. (2024) 24:127. doi: 10.1186/s12887-023-04507-y

	18.	Farrell ET, Hébert JR, Heflin K, Davis JE, Turner-McGrievy GM, Wirth MD. 
Dietary inflammatory index (DII) and sleep quality, duration, and timing: a systematic 
review. Sleep Med Rev. (2024) 77:101964. doi: 10.1016/j.smrv.2024.101964

	19.	Zhang C, Ren W, Li M, Wang W, Sun C, Liu L, et al. Association between the 
Children’s dietary inflammatory index (C-DII) and markers of inflammation and 
oxidative stress among children and adolescents: NHANES 2015-2018. Front Nutr. 
(2022) 9:894966. doi: 10.3389/fnut.2022.894966

	20.	Payandeh N, Shahinfar H, Babaei N, Davarzani S, Ebaditabar M, Djafarian K, et al. 
Association between the empirical dietary inflammatory index and cardiorespiratory fitness 
in Tehranian adults in 2017-2018. Front Nutr. (2022) 9:928308. doi: 10.3389/fnut.2022.928308

	21.	Wu B, Qiu L, Lin Y, Lin Q, Pan Y. The association between the dietary inflammatory 
index and cardiorespiratory fitness in United States young adults: a cross-sectional study 
from the National Health and nutrition examination study, 1999-2004. Front Nutr. 
(2024) 11:1442710. doi: 10.3389/fnut.2024.1442710

	22.	Kranke DA, Floersch J, Kranke BO, Munson MR. A qualitative investigation of 
self-stigma among adolescents taking psychiatric medication. Psychiatr Serv. (2011) 
62:893–9. doi: 10.1176/ps.62.8.pss6208_0893

	23.	Xu F, Lu G, Wang J. Enhancing sepsis therapy: the evolving role of enteral 
nutrition. Front Nutr. (2024) 11:1421632. doi: 10.3389/fnut.2024.1421632

	24.	Juel R, Sharpe S, Picetti R, Milner J, Bonell A, Yeung S, et al. Let’s just ask them. 
Perspectives on urban dwelling and air quality: a cross-sectional survey of 3,222 
children, young people and parents. PLOS Glob Public Health. (2023) 3:e0000963. doi: 
10.1371/journal.pgph.0000963

	25.	Diaconu ID, Gheorman V, Grigorie GA, Gheonea C, Tenea-Cojan TS, Mahler B, 
et al. A comprehensive look at the development of asthma in children. Children (Basel). 
(2024) 11:581. doi: 10.3390/children11050581

	26.	Mak TN, Angeles-Agdeppa I, Tassy M, Capanzana MV, Offord EA. The nutritional 
impact of Milk beverages in reducing nutrient inadequacy among children aged one to 
five years in the Philippines: a dietary modelling study. Nutrients. (2020) 12:3330. doi: 
10.3390/nu12113330

	27.	Farhadnejad H, Tehrani AN, Jahromi MK, Teymoori F, Mokhtari E, Salehi-
Sahlabadi A, et al. The association between dietary inflammation scores and non-
alcoholic fatty liver diseases in Iranian adults. BMC Gastroenterol. (2022) 22:267. doi: 
10.1186/s12876-022-02353-3

	28.	Contaldo F, Santarpia L, Cioffi I, Pasanisi F. Nutrition transition and Cancer. 
Nutrients. (2020) 12:795. doi: 10.3390/nu12030795

	29.	Prescott SL, Dunstan JA. Prenatal fatty acid status and immune development: the 
pathways and the evidence. Lipids. (2007) 42:801–10. doi: 10.1007/s11745-007-3030-z

	30.	Pita-Grisanti V, Velez-Bonet E, Chasser K, Hurst Z, Liette A, Vulic G, et al. Physical 
activity decreases inflammation and delays the development of obesity-associated 
pancreatic ductal adenocarcinoma. Cancer Res. (2024) 84:3058–71. doi: 
10.1158/0008-5472.CAN-23-1045

	31.	Conrad LA, Cabana MD, Rastogi D. Defining pediatric asthma: phenotypes to 
endotypes and beyond. Pediatr Res. (2021) 90:45–51. doi: 10.1038/s41390-020-01231-6

	32.	Gajjar H, Banker J, Murarka S, Shah P, Shah N, Bhaskaran L. The impact of 
progesterone administration routes on endometrial receptivity and clinical outcomes in 
assisted reproductive technology cycles. Cureus. (2024) 16:e62571. doi: 
10.7759/cureus.62571

	33.	Muramatsu N. County-level income inequality and depression 
among older Americans. Health Serv Res. (2003) 38:1863–84. doi: 
10.1111/j.1475-6773.2003.00206.x

	34.	Sethna CB, Alanko D, Wirth MD, Shivappa N, Hebert JR, Khan S, et al. Dietary 
inflammation and cardiometabolic health in adolescents. Pediatr Obes. (2021) 16:e12706. 
doi: 10.1111/ijpo.12706

	35.	Venter C, Palumbo MP, Sauder KA, Glueck DH, Starling AP, Ringham BM, et al. 
Examining associations between dietary inflammatory index in pregnancy, pro-
inflammatory cytokine and chemokine levels at birth, and offspring asthma and/or 
wheeze by age 4 years. J Acad Nutr Diet. (2021) 121:2003–2012.e3. doi: 
10.1016/j.jand.2021.02.015

	36.	NHANES. NCHS research ethics review board approval (2022). Available at: 
https://www.cdc.gov/nchs/nhanes/irba98.htm (accessed June 30, 2023)

https://doi.org/10.3389/fnut.2025.1538378
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.2147/JAA.S345086
https://doi.org/10.1186/s13293-024-00633-z
https://doi.org/10.7759/cureus.20015
https://doi.org/10.1002/jcb.25017
https://doi.org/10.1136/thorax-2022-218931
https://doi.org/10.4103/lungindia.lungindia_271_22
https://doi.org/10.1038/tpj.2012.5
https://doi.org/10.1038/s41419-021-04055-2
https://doi.org/10.1136/bmjdrc-2022-003003
https://doi.org/10.1038/s41387-024-00349-4
https://doi.org/10.3390/antiox13040441
https://doi.org/10.3390/nu11092245
https://doi.org/10.3390/antiox12020285
https://doi.org/10.1017/S0007114524001405
https://doi.org/10.3390/nu15040982
https://doi.org/10.3390/nu10080993
https://doi.org/10.1186/s12887-023-04507-y
https://doi.org/10.1016/j.smrv.2024.101964
https://doi.org/10.3389/fnut.2022.894966
https://doi.org/10.3389/fnut.2022.928308
https://doi.org/10.3389/fnut.2024.1442710
https://doi.org/10.1176/ps.62.8.pss6208_0893
https://doi.org/10.3389/fnut.2024.1421632
https://doi.org/10.1371/journal.pgph.0000963
https://doi.org/10.3390/children11050581
https://doi.org/10.3390/nu12113330
https://doi.org/10.1186/s12876-022-02353-3
https://doi.org/10.3390/nu12030795
https://doi.org/10.1007/s11745-007-3030-z
https://doi.org/10.1158/0008-5472.CAN-23-1045
https://doi.org/10.1038/s41390-020-01231-6
https://doi.org/10.7759/cureus.62571
https://doi.org/10.1111/j.1475-6773.2003.00206.x
https://doi.org/10.1111/ijpo.12706
https://doi.org/10.1016/j.jand.2021.02.015
https://www.cdc.gov/nchs/nhanes/irba98.htm

	Non-linear relationship between the children’s dietary inflammatory index and asthma risk: identifying a critical inflection point in US children and adolescents
	1 Introduction
	2 Methods
	2.1 Data source and study participants
	2.2 C-DII assessment
	2.3 Asthma
	2.4 Covariates
	2.5 Statistical analyses

	3 Results
	3.1 Study population and weighted baseline characteristics
	3.2 C-DII and asthma: overall analyses
	3.2.1 Logistic regression analysis
	3.2.2 Inflection point and RCS analysis
	3.3 C-DII and asthma: subsidiary analyses and P for interaction

	4 Discussion
	5 Conclusion

	References

