Huang et al. BMC Public Health ~ (2024) 24:2305 BMC Public Health
https://doi.org/10.1186/5s12889-024-19856-1

Check for
updates

Associations of the planetary health diet
index (PHDI) with asthma: the mediating role
of body mass index
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Abstract

Background Given the global shifts in environmental conditions and dietary habits, understanding the potential
impact of dietary factors and body mass index (BMI) on respiratory diseases, including asthma, is paramount.
Investigating these relationships can contribute to the formulation of more effective prevention strategies. The
Planetary Health Diet Index (PHDI), a dietary scoring system that balances human health with environmental
sustainability, underscores the importance of increasing the consumption of plant-based foods while reducing
the intake of red meat, sugar, and highly processed foods. The objective of this study was to assess the association
between PHDI and the prevalence of asthma and the mediation effect of BMI in a US general population.

Methods This study utilized data from 32,388 participants in the National Health and Nutrition Examination Survey
(NHANES) spanning from 2005 to 2018. Multivariate logistic regression and weighted quantile sum (WQS) regressions
were employed to investigate the association between PHDI, individual nutrients, and asthma. Restricted cubic spline
(RCS) analysis explored the linear or non-linear relationship between PHDI and asthma. Interaction analyses were
conducted on subgroups to validate the findings. Mediation analysis was performed to examine the effect of BMI on
the relationship between PHDI and asthma.

Results There was a significant negative association between PHDI and asthma. After adjusting for covariates, for
every 10-point increase in PHDI, there was a 4% decrease in the prevalence of asthma (P=0.025). Moreover, as PHDI
increased, there was a trend towards lower asthma prevalence (P for trend < 0.05). WQS analyses showed consistent
associations (OR=0.93, 95%Cl: 0.88, 0.98), with Fiber, Vitamin C, and Protein significant factors. The dose-response
curve indicated a linear association between PHDI and asthma, with higher PHDI associated with lower asthma
prevalence. Additionally, BMI is significantly positively associated with asthma (P<0.001), and BMI decreases as the
PHDI increases (B =-0.64, P<0.001). Mediation analysis indicates that BMI significantly mediates the relationship
between PHDI and asthma, with a mediation proportion of 33.85% (P <0.001).

Conclusion The results of this study show a strong negative correlation between PHDI and the prevalence of asthma.
In addition, BMI mediated this negative relationship.
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Introduction

Asthma is a chronic pulmonary disease and a global
health issue affecting individuals of all ages. It is preva-
lent among both children and adults and is characterized
by airway inflammation and muscle tightening, leading to
breathing difficulties [1]. Approximately 350 million peo-
ple worldwide suffer from asthma [2], with a prevalence
rate of 4.3%. The global crude prevalence is increasing,
resulting in 455,000 deaths [3]. The Global Initiative for
Asthma (GINA) predicts that the number of individuals
with asthma will reach 400 million by 2025. Prevalence
rates vary significantly across countries, with the highest
rates observed in developed countries, likely due to aging
populations and increased life expectancy [4]. Asthma is
a major cause of severe disability, reduced quality of life,
and poor utilization of healthcare resources [5]. It is a sig-
nificant contributor to the global burden of non-commu-
nicable diseases and is a leading cause of death, second
only to cardiovascular diseases and cancer [6]. Although
most asthma patients can achieve control through treat-
ment, the burden of managing the disease remains high,
and asthma does not receive as much attention as other
non-communicable diseases [7]. Current strategies for
improving asthma prevention are targeted at different
risk levels but are not fully utilized. To alleviate the global
disease burden and promote universal health, finding
effective methods to address this issue is crucial.

Diet is closely related to human health, with approxi-
mately 3 billion people worldwide suffering from mal-
nutrition, of which about 2 billion are overnourished.
Unbhealthy diets increase the burden of diseases on the
human body and affect the planet’s carrying capacity,
contributing to climate and environmental changes. To
better balance the health of humans and the planet, the
EAT-Lancet Commission introduced a new dietary met-
ric in 2019—the Planetary Health Diet Index (PHDI) [8].
The PHDI provides guidelines for various food groups
that collectively constitute the optimal diet for human
health and environmental sustainability. It emphasizes a
higher proportion of plant-based foods, with significant
portions of whole grains, fruits, nuts, and vegetables.

The PHDI can potentially prevent 11.6 million prema-
ture deaths worldwide, reduce greenhouse gas emissions,
decrease environmental pollution, and protect Earth’s
biodiversity. Asthma results from the interplay between
genetic factors and environmental influences, making
it particularly susceptible to climate and environmen-
tal changes. Research by Biesbroek S et al. [9]. indicates
that dietary changes in specific contexts depend on the
national disease burden (such as obesity or malnutri-
tion), environmental challenges, and cultural traditions.

High-income countries, which have a higher risk of
chronic non-communicable diseases and a larger envi-
ronmental footprint, should thus limit consumption.
Another longitudinal study involving 1,050 children
demonstrated that children living in environments with
abundant greenery had a lower risk of developing asthma
compared to those born in areas with a higher presence
of animals [10].

Moreover, several studies have shown that a healthy
diet may be associated with body mass index (BMI)
[11-13]. BMI, as a proxy for body weight and obesity,
is considered closely related to asthma [14, 15]. How-
ever, whether BMI mediates this relationship remains
unknown. Currently, no studies have investigated the
association between PHDI and asthma mediated by
BML. For the first time, we investigated the association
between the PHDI and asthma prevalence mediated by
BMI in this study using a large cross-sectional methodol-
ogy. It is hypothesized that there may be a negative cor-
relation between the PHDI and asthma prevalence and
explored the mediating role of BMI in the correlation
between PHDI and asthma prevalence, aiming to vali-
date that an appropriate and healthy PHDI could prevent
asthma.

Methods

Study population

The National Health and Nutrition Examination Survey
(NHANES) is a nationally representative cross-sectional
survey conducted through home interviews and mobile
examination centers, aimed at assessing the health and
nutritional status of the U.S. population. This survey uti-
lized data from 70,190 participants over seven cycles of
NHANES, spanning from 2005 to 2018. After excluding
individuals younger than 20 years (n=30,441), pregnant
women (n=708), and participants with missing or incom-
plete PHDI data (n=6,653), a total of 32,388 participants
were included in the final analysis. Figure 1 displays a
flowchart of the entire selection process. NHANES is
approved by the Research Ethics Review Board of the
National Center for Health Statistics, and all participants
provided informed consent. The data used in this study
are de-identified and publicly available (https://www.cdc.
gov/nchs/nhanes/index.htm).

Measurement

Planetary health diet index

The measurement of the PHDI is based on the ranges
provided in the EAT-Lancet Commission’s scientific
report. It comprises 14 food categories: whole grains,
whole fruits, non-starchy vegetables, nuts and seeds,
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Fig. 1 A flow diagram of eligible participant selection in the National Health and Nutrition Examination Survey

legumes and unsaturated oils, starchy vegetables, dairy
products, red and processed meats, poultry, eggs, fish,
saturated fats and trans fats, added sugars, and fruit
juices. The first six categories are adequacy components
that are encouraged for consumption, while the latter
eight are moderation components that are discouraged
for consumption. Each food category is scored on a scale
from 0 to 10, resulting in a theoretical PHDI range from 0
to 140. Further details on the PHDI can be found in pre-
vious studies and Table S1 [8, 16, 17].

Diagnosis of asthma

According to previous studies [18, 19], the criteria for
diagnosing asthma were extracted from the question-
naire section of the NHANES database: (1) “Has a doctor
or other health professional ever told you that you have
asthma?” (2) “Do you still have asthma?” Participants
who answered “yes” to both questions were classified as
having asthma, while those who did not were excluded.
For a detailed explanation, see the website (https://www.
cdc.gov/nchs/nhanes/index.htm).

Covariables

We constructed a directed acyclic graph (DAG) [20]
to visualize the hypothesized associations of the pri-
mary exposure (Planetary Health Diet Index) with the

outcomes of interest (the prevalence of asthma), and
potential covariates. According to previous studies
[21-23], the covariates in this research include age, gen-
der, race, marital status, education level, family poverty-
to-income ratio (PIR), energy intake, smoking, alcohol
consumption, hypertension, diabetes, and hypercholes-
terolemia. For detailed information on these covariates,
please refer to Table S2. The resulting DAG is presented
in Figure S1.

Statistical analyses

In this study, all data were statistically analyzed using R
(version 4.3.1). To guarantee that the data in our inves-
tigation were nationally representative, we used the
weights that the NCHS suggested. The weighting vari-
able was the two-day dietary sample weight (WTDR2D),
and the new weights for the years 2005-2018 were com-
puted as 1/7 x WTDR2D. The data were weighted, with
continuous variables presented as mean=standard devia-
tion, and p-values calculated using weighted Students
T-test. Percentages for categorical variables (weighted
N, %) and their p-values were calculated using weighted
chi-square tests [24]. The association between PHDI and
asthma was analyzed using multivariable logistic regres-
sion models, where PHDI was categorized into quartiles.
Trend tests and p-values for linear trends were calculated
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to determine the consistency of the relationship. Three
models were constructed in this study: (1) an unadjusted
crude model; (2) a model adjusted for age, gender, race,
education level, marital status, and family poverty-to-
income ratio (PIR); and (3) a model further adjusted for
energy intake, smoking, alcohol consumption, hyper-
tension, diabetes, and hypercholesterolemia. A smooth
curve fitting was applied to further explore the potential
linear relationship between PHDI and asthma. Addition-
ally, odds ratios (ORs) were calculated for every 10-point
increase in PHDI, with subgroup analyses conducted
based on age, gender, race, marital status, education
level, PIR, smoking, alcohol consumption, hyperten-
sion, diabetes, and hypercholesterolemia. In the sub-
group analysis, we further adjusted for age, gender, race,
marital status, education level, PIR, energy intake, smok-
ing, alcohol consumption, hypertension, diabetes, and
hypercholesterolemia.

The “mediation” package in R software was used to
assess the indirect impact, direct effect, and total effect.
A mediation analysis with 1000 bootstrap resamples
and correction for variables was carried out to deter-
mine if BMI mediated the association between PHDI
and asthma. The indirect effect/ (indirect effect+direct
effect) x100% was used to compute the mediated frac-
tion [25]. The total effect of PHDI on asthma (path C),
the direct effect of PHDI on asthma when BMI (media-
tor) is included in the model (path C’), the effect of PHDI
on BMI (path A), the effect of BMI on asthma (path B),
and the indirect effect of BMI on the association between
PHDI and asthma (path A*B) are all represented by
regression coefficients (Figure S2).

To evaluate the results obtained in this study from
a food science perspective, we added detailed data on
the daily consumption of individual nutrients, includ-
ing energy, carbohydrates, dietary fiber, fats, proteins,
vitamins, and minerals, and assessed their impact on
asthma. In addition, we applied the weighted quantile
sum (WQS) regressions to explore the overall effect of
individual single nutrients on asthma. WQS is a new sta-
tistical tool for estimating both the collective and spe-
cific impacts of exposures [26]. The data was divided into
training sets (40%) and validation sets (60%) at random.
The training sets were then bootstrapped 1000 times. We
ran the WQS model in the negative direction because
metrics had an inverse relationship with asthma. Metric
weights varied from 0 to 1 and added up to 1. Major con-
tributors were determined to be the metrics (average of
10 metrics) with weights greater than 0.1. Given that dia-
betes, hypertension, and hypercholesterolemia can lead
to changes in dietary habits, we excluded participants
with these conditions and reanalyzed the data (Table S6).
The significance was determined by p-values below 0.05.
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Results

Characteristics of the participants

This study included 32,388 participants, with 52% being
female and 48% male. There were 4,618 participants with
a history of asthma and 27,770 without. Compared to
other racial groups, non-Hispanic whites had a higher
incidence of asthma (69%). The prevalence of asthma
was higher among participants with at least a high
school education (85%). The family poverty-to-income
ratio (PIR) was inversely related to asthma prevalence. A
higher prevalence of asthma was observed among those
who were obese, smoked, consumed alcohol, had hyper-
tension, diabetes, or hypercholesterolemia (p <0.05). Par-
ticipants with the prevalence of asthma had lower PHDI
scores (p<0.05). Baseline characteristics are detailed in
Table 1.

Relationship between PHDI and asthma

Table 2 of the multivariable logistic regression model
demonstrated an association between PHDI and asthma.
In model 3, a negative association was found between
PHDI and asthma prevalence (OR 0.96, 95% CI 0.92—
0.99). This negative association was more pronounced in
the higher quartiles of PHDI, specifically Q2 (OR 0.91,
95% CI 0.79-1.05), Q3 (OR 0.89, 95% CI 0.77-0.99), and
Q4 (OR 0.86, 95% CI 0.75-0.98), compared to Q1. Trend
tests in each model, using Q1 as the reference, also con-
firmed this finding (p<0.05). A smooth curve fitting was
employed to assess the association between PHDI and
asthma; as shown in Fig. 2, the correlation between PHDI
and asthma was linearly negative (nonlinearity=0.138).

Subgroup and WQS analysis

The subgroup analysis of the association between PHDI
and asthma is shown in Fig. 3. This analysis explored the
stability of the relationship and potential interactions by
adjusting and stratifying based on age, gender, education
level, marital status, income, race, smoking, alcohol con-
sumption, hypertension, diabetes, and hypercholesterol-
emia. In the subgroup analysis, no significant interaction
was found between PHDI and these stratified variables
(p>0.05), and the negative correlation remained very
stable.

In addition, the WQS index from the WQS regression
was negatively associated with the risk of asthma (OR
0.93,95% CI 0.88 to 0.98) (Table S5). Figure 4 showed
that all nutrients were negatively associated with asthma,
with dietary fiber (weight=0.440) identified as the most
important factor influencing the presence of asthma,
followed by Vitamin C and Protein (weights=0.197 and
0.149).
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Table 1 Baseline characteristics of all participants were stratified by asthma

Characteristic Total, N=32,388 (100%) Non- asthma, N=27,770 (85%) asthma, N=4,618 (15%) PValue
Age (%) <0.001
20-40 11,020 (36%) 9,256 (35%) 1,764 (41%)

41-60 10,935 (37%) 9,407 (37%) 1,528 (35%)

>60 10,433 (27%) 9,107 (27%) 1,326 (24%)

Gender (%) <0.001
Male 15,853 (48%) 13,899 (49%) 1,954 (41%)

Female 16,535 (52%) 13,871 (51%) 2,664 (59%)

Race (%) <0.001
Non-Hispanic White 14,049 (69%) 11,871 (68%) 2,178 (70%)

Non-Hispanic Black 7,036 (11%) 5,884 (11%) 1,152 (13%)

Other 6,367 (12%) 5497 (12%) 870 (12%)

Mexican American 4,936 (7.8%) 4,518 (8.3%) 418 (4.9%)

Married/live with partner (%) <0.001
No 13,043 (37%) 10,903 (36%) 2,140 (41%)

Yes 19,345 (63%) 16,867 (64%) 2,478 (59%)

Education level (%) 0.098
Below high school 7,769 (15%) 6,795 (16%) 974 (14%)

High School or above 24,619 (85%) 20,975 (84%) 3,644 (86%)

PIR (%) <0.001
Not Poor 20,571 (79%) 17,866 (80%) 2,705 (74%)

poor 9,160 (21%) 7,595 (20%) 1,565 (26%)

Obesity (%) <0.001
No 19,641 (63%) 17,247 (64%) 2,394 (56%)

Yes 12,388 (37%) 10,211 (36%) 2,177 (44%)

Smoking (%) <0.001
Never 17,845 (55%) 15,572 (56%) 2,273 (50%)

Former 7,979 (25%) 6,789 (25%) 1,190 (26%)

Current 6,564 (20%) 5,409 (19%) 1,155 (24%)

Drinking (%) 0.103
former 4,936 (14%) 4,198 (14%) 738 (14%)

heavy 5,839 (21%) 4,975 (20%) 864 (22%)

mild 10,097 (37%) 8,650 (37%) 1,447 (37%)

moderate 4,604 (17%) 3,899 (18%) 705 (17%)

never 4,204 (11%) 3,691 (11%) 513 (9.6%)

Hypertension (%) <0.001
No 17,771 (60%) 15,424 (61%) 2,347 (57%)

Yes 14,057 (40%) 11,852 (39%) 2,205 (43%)

Diabetes (%) 0.009
No 12,109 (74%) 10,418 (74%) 1,691 (71%)

Yes 5,778 (26%) 4,830 (26%) 948 (29%)

High cholesterol (%) 0.332
No 17,295 (62%) 14,858 (62%) 2,437 (61%)

Yes 10,986 (38%) 9,280 (38%) 1,706 (39%)

Energy, kcal/d (mean (SD)) 2,087.61 (840.36) 2,087.78 (835.20) 2,086.61 (870.04) 0.553
Carbohydrate, g/d (mean (SD)) 248.78 (107.91) 248.53 (107.39) 250.23(110.92) 0.801

Fiber, g/d (mean (SD)) 16.88 (9.08) 17.00 (9.05) 16.22 (9.27) <0.001
Total fat, g/d (mean (SD)) 80.77 (39.26) 80.76 (39.03) 80.83 (40.61) 0.575
Protein, g/d (mean (SD)) 81.88 (35.59) 82.20(35.32) 79.99 (37.07) <0.001
Vitamin A, ug/d (mean (SD)) 649.38 (564.74) 653.35(571.87) 626.20 (520.51) 0.002
Vitamin C, mg/d (mean (SD)) 82.73(77.85) 83.00 (76.27) 81.15(86.52) <0.001
Vitamin E, mg/d (mean (SD)) 8.46 (5.60) 8.47 (5.56) 8.38(5.81) 0.068

Zinc, mg/d (mean (SD)) 11.58 (6.90) 11.61 (6.84) 11.39(7.21) 0.009
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Table 1 (continued)

Characteristic Total, N=32,388 (100%) Non- asthma, N=27,770 (85%) asthma, N=4,618 (15%) PValue

Selenium, ug/d (mean (SD)) 112.87 (53.06) 113.16 (52.18) 111.22(57.91) 0.004

PHDI (mean (SD)) 61.51 (15.00) 61.67 (14.97) 60.56 (15.12) <0.001

Mean (SD) for continuous variables: the P value was calculated by the weighted Students T-test

Percentages (weighted N, %) for categorical variables: the P value was calculated by the weighted chi-square test

Abbreviation: PIR, Ratio of family income to poverty; PHDI, Planetary Health Diet Index

Table 2 Adjusted odds ratios of PHDI and asthma, NHANES 2005-2018

Characteristic Model 1 p-value Model 2 p-value Model 3 p-value
[OR (95% CI)] [OR (95% CI)] [OR (95% CI)]

PHDI - asthma

Continuous (per 10 scores) 0.95 (0.92,0.98) 0.002 0.96 (0.93,0.98) 0.006 0.96 (0.92,0.99) 0.025

Quartile

Q1 1 (ref) 1 (ref) 1 (ref)

Q2 0.88(0.79,0.97) 0.011 0.89 (0.79,0.99) 0.042 0.91(0.79, 1.05) 0.200

Q3 0.83(0.74,0.93) 0.002 0.85(0.75,0.96) 0.010 0.89(0.77,0.99) 0.036

Q4 0.80 (0.71,0.90) <0.001 0.81(0.71,0.92) 0.002 0.86 (0.75,0.98) 0.032

Pfor trend <0.001 0.002 0.026

Components - asthma

Energy 1.000 (1.000, 1.000) >09 1.000 (1.000, 1.000) 0.018 1.000 (1.000, 1.000) 0.055

Carbohydrate 1.000 (1.000, 1.001) 0.500 1.001 (1.000, 1.001) 0.019 1.001 (1.000, 1.001) 0.026

Fiber 0.990 (0.984, 0.997) 0.003 0.998 (0.991, 1.004) 0.400 0.990 (0.982, 1.003) 0.500

Total fat 1.000 (0.999, 1.001) >09 1.001 (1.000, 1.003) 0.043 1.001 (0.999, 1.003) 0.600

Protein 0.998 (0.997, 1.000) 0.019 1.000 (0.999, 1.001) >09 0.999 (0.997, 1.003) 0.700

Vitamin A 0.999 (0.999, 1.000) 0.051 0.999 (0.999, 1.000) 0400 0.999 (0.999, 1.000) 0.300

Vitamin C 0.999 (0.999, 1.000) 0.400 0.999 (0.999, 1.001) >09 0.999 (0.999, 1.001) 0.200

Vitamin £ 0.997 (0.998, 1.006) 0.500 1.002 (0.994, 1.010) 0.600 0.989 (0.975, 1.004) 0.400

Zinc 0.995 (0.987, 1.003) 0.200 1.003 (0.995, 1.010) 0400 0.998 (0.988, 1.012) 0.500

Selenium 0.999 (0.998, 1.000) 0.200 1.000 (0.999, 1.001) 0.500 0.999 (0.998, 1.001) 0.800

Model 1: no covariates were adjusted

Model 2: age, gender, education level, marital, PIR, and race were adjusted

Model 3: age, gender, education level, marital, PIR, race, smoking, drinking, energy intake, hypertension, diabetes, and high cholesterol were adjusted

Abbreviation: PHDI, Planetary Health Diet Index; PIR, Ratio of family income to poverty; OR, odds ratio; Cl, confidence interval

Mediation effect

Table S3 displays the association between BMI and
asthma. In model 3, Following adjustment for all covari-
ates, compared to the first quartile (Q1) of BMI, the odds
of asthma increased by 44% in the fourth quartile (Q4)
[OR=1.44, 95% CI:1.23, 1.68]. When BMI was consid-
ered as a continuous variable, the positive relationship
between BMI and asthma remained statistically signifi-
cant (OR=1.02, 95% CI: 1.01, 1.03). Following adjustment
for all covariates, there was a significant statistical asso-
ciation between PHDI and BMI (B=-0.64, 95% CI: -0.73,
-0.56, P<0.001) (Table S4). Based on the above analysis,
our study meets the prerequisites for conducting media-
tion analysis. Following adjustment for all covariates,
we observed the mediation effect of BMI (Figure S2).
BMI (indirect effect= -2.36*10°, P<0.001; direct effect=
-4.70*1073, P=0.036) mediated 33.85% (mediation pro-
portion=indirect effect / (indirect effect+direct effect)
*100%, P<0.001) of the association between PHDI and

asthma. Therefore, BMI can be considered a mediating
factor in the relationship between PHDI and asthma.

Discussion

Based on the NHANES database, this study found that
after adjusting for relevant covariates, there is a negative
association between PHDI and the prevalence of asthma
and that BMI mediated this relationship, thus validat-
ing our hypothesis. The results of the RCS and subgroup
analyses reaffirmed that higher PHDI scores are benefi-
cial in reducing the prevalence of asthma. Additionally,
WQS analysis suggests that dietary components of the
PHD, including fiber, vitamin C, and protein, play signifi-
cant roles in the development of asthma.

An important pathogenic mechanism of asthma is air-
way hyperresponsiveness. Upon exposure to allergens,
various inflammatory cells such as eosinophils, mast
cells, T cells, neutrophils, airway epithelial cells, and
macrophages release inflammatory mediators and cyto-
kines. This release causes damage to airway epithelial
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Fig. 2 Dose-response relationships between PHDI and asthma. OR (solid lines) and 95% confidence levels (shaded areas) were adjusted for age, gender,
education level, marital, PIR, race, smoking, drinking, energy intake, hypertension, diabetes, and high cholesterol

cells and exposes epithelial nerve endings, leading to
hyperresponsiveness. Studies [27] indicate that the
underlying mechanisms of asthma are multifactorial,
involving environmental factors, genetic predispositions,
and lifestyle choices, with diet being a significant factor.
Previous research [28] has found a positive correlation
between asthma prevalence and gross domestic product
(GDP). For instance, the prevalence of asthma in devel-
oped Western countries is typically around 10%, whereas
in less developed countries, it is <1% [29].

The disparity in asthma prevalence between developed
and developing countries can be attributed not only to
underdiagnosis, high misdiagnosis rates, and inadequate
treatment in low- and middle-income countries but also
to differences in dietary patterns. Studies [30] have shown
that Western dietary patterns emphasize animal-based
foods while neglecting whole grains, fruits, vegetables,
and legumes. For example, the intake of saturated fats
in the U.S. population, which follows a predominantly
Western diet, significantly exceeds recommended levels,
while fruit and vegetable consumption falls below the
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Subgroup OR(95%Cl) P for interaction
Overall  0.96(0.92 to 0.99) —
Age : 0.571
20-40  0.97(0.92 to 1.01) ——r
41-60  0.94(0.89 to 0.98) —— :
>60 0.96(0.89 to 1.04) o—-:—-
Gender : 0.591
Male 0.95(0.90 to 1.00) ——
Female  0.96(0.92 to 1.00) n—.—i
Race : 0.139
Mexican American  0.92(0.84 to 1.00) ——
Non-Hispanic White 0.97(0.94 to 1.01) o—-—:-a
Non-Hispanic Black 0.97(0.92 to 1.03) l—-:—c
Other  0.86(0.79 to 0.93) —— :
Marital status ! 0.484
No  0.97(0.93to 1.02) ——t
Yes  0.94(0.90 to 0.98) —
Education : 0.187
Below high school 0.92(0.86 to 1.00) ——
High School or above 0.96(0.93 to 1.00) o—.—;
PIR : 0.406
Not Poor  0.96(0.92 to 1.00) o—-—:
poor 0.94(0.89 to 0.99) —a—
Smoking : 0.653
Never  0.95(0.91 to 1.00) n—-—!
Former 0.95(0.89 to 1.02) ._._lH
Current 0.99(0.94 to 1.05) ——
Drinking : 0.183
former 0.94(0.88 to 1.01) l—l—:l
heavy 1.01(0.95 to 1.09) l—lﬁl—c
mild 0.92(0.86 to 0.97) —
moderate  0.98(0.91 to 1.05) ———
never  1.02(0.92 to 1.13) : o
Hypertension : 0.708
No 0.97(0.93 to 1.01) —a—
Yes  0.95(0.90 to 1.00) ——y
Diabetes : 0.536
No 0.96(0.93 to 0.99) —a—
Yes 0.94(0.87 to 1.01) '—I—:-'
High cholesterol : 0.091
No 0.97(0.93 to 1.01) —a—
Yes 0.92(0.87 to 0.98) ——

0.7

protective factor risk factor

1.2

Fig. 3 Subgroup analysis between PHDI and asthma. ORs were calculated as per 10 scores increase in PHDI. Analyses were adjusted for age, gender,

education level, marital, PIR, race, smoking, drinking, energy intake, hypertension, diabetes, and high cholesterol
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0.0 0.1

Fig. 4 Weights represent the proportion of partial effect for each PHDI metric in the WQS regression. Model adjusted for age, sex, race, PIR, educational

level, and marital status

norm. As dietary patterns westernize, the risk of asthma
increases [31]. In contrast, diets that emphasize whole
grains, fruits, vegetables, and legumes, and de-empha-
size high-fat meats and dairy products, are beneficial in
reducing asthma risk. A case-control study involving 287
children aged 9-19 in Lima, Peru [32], used a modified
Mediterranean Diet Score (MDS) to analyze dietary pat-
terns. Preliminary analysis showed a negative correla-
tion between adherence to the Mediterranean diet and
the incidence of asthma in children. Similar plant-based
dietary patterns have also been shown to reduce asthma
risk [33, 34]. A meta-analysis and systematic review of 31
studies evaluated asthma outcomes such as prevalence,
asthma-related quality of life, symptoms, lung function,
frequency of asthma attacks, asthma control, and inflam-
matory markers associated with asthma. The results indi-
cated a significant association between dietary patterns
and asthma in 12 of the studies, with protective dietary
patterns including components like black bread, nuts,
and wine [35]. Adhering to a plant-based dietary pattern

can result in higher PHDI scores. A multicenter cohort
study conducted in Brazil with 14,779 participants using
a 114-item Food Frequency Questionnaire (FFQ) found
that the PHDI was positively correlated with carbohy-
drates, plant proteins, polyunsaturated fats, fiber, and
micronutrients from fruits, vegetables, oilseeds, and
whole grains. In the PHDI, nuts and peanuts, legumes,
fruits, total vegetables, and whole grains are defined as
adequacy components. Recent research [36] showed that
PHDI scores are positively correlated with plant protein,
fiber, polyunsaturated fats, vitamins A, E, K, C, and folic
acid (p<0.001), and negatively correlated with animal
protein, total fat, monounsaturated fats, and riboflavin
(p<0.001).

This study indicates that dietary fiber, vitamin C, and
protein play significant roles in the development of
asthma. Meta-analyses [37] have long shown that high
consumption of fruits and vegetables is associated with
a reduced risk of asthma in both children and adults.
Retrospective studies [38] have demonstrated that a high
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intake of fruits and vegetables is correlated with higher
forced expiratory volume in one second (FEV1), reduc-
ing the risk of asthma and the incidence of wheezing.
Fruit and vegetable consumption can also effectively
control and alleviate symptoms during asthma attacks.
A cohort study involving 2,870 children [39] showed
that habitual fruit consumption helps alleviate asthma
symptoms (OR=0.93, 95% CI 0.85-1.00), and long-term
fruit intake was negatively correlated with the frequency
of asthma symptoms (OR=0.90, 95% CI 0.82-0.99) and
allergen sensitization (OR=0.90, 95% CI 0.82-0.99).
However, Willers et al. further noted that increased con-
sumption of certain foods, whether early or late in life or
over extended periods, does not have a consistent impact
on asthma and atopy in 8-year-old children [39]. Conse-
quently, fruit intake may be inversely related to asthma.
A prospective cohort study [40] observing 520 children
found that fruit intake was inversely associated with the
incidence of asthma, rhinitis, and allergy symptoms. The
incidence of asthma symptoms decreased from 33.3 to
28.3% to 14.3% across groups with increasing fruit intake
(P for trend=0.01). Additionally, a Dutch study indicated
a negative correlation between whole grain consumption
and asthma incidence, which our study further supports.

Whole grains are essential components of a healthy
diet, providing dietary fiber, B vitamins, minerals, and
other nutrients. Early epidemiological studies have
linked asthma prevalence to dietary habits. A study
using questionnaires and clinical data to define asthma
[41] found a negative correlation between whole grain
intake and asthma (OR=0.46, 95% CI 0.19-10), suggest-
ing that high consumption of whole grain products may
reduce asthma attacks in children. A Danish study [42]
used a disease-death multi-state model to evaluate the
correlation between whole grain intake and life expec-
tancy (defined as 20 years of follow-up without cancer,
asthma, chronic obstructive pulmonary disease, etc.). It
found that for every doubling of whole grain intake, the
difference in disease-free life expectancy (without cancer,
type 2 diabetes, ischemic heart disease, stroke, asthma,
chronic obstructive pulmonary disease or dementia or
with disease (any of the listed)) increased by 0.43 (95%
CIL 0.33-0.52) in men and 0.15 (95% CI: 0.06-0.24) in
women over an average follow-up period of 13.8 and
17.5 years for 22,606 men and 25,468 women, respec-
tively. Furthermore, studies have shown that dietary fiber
intake is positively correlated with improved lung func-
tion. Higher fiber intake was associated with higher aver-
age FEV1 and FVC measurements, with those consuming
the most fiber having average FEV1 and FVC values that
were 82 ml and 129 ml higher than those consuming the
least fiber (P=0.05 and 0.01, respectively). Therefore, a
fiber-rich diet may also play a role in improving asthma
[43].
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Current observational and clinical research evidence
suggests that plant-based dietary patterns (primarily con-
sisting of fruits, vegetables, and whole grains) are valuable
in preventing asthma, whereas Western dietary patterns
(emphasizing red meat, processed meats, refined grains,
and added sugars) appear to increase asthma risk [44]. As
a modifiable factor affecting lung health [45], the protec-
tive effects of a plant-based dietary model (corresponding
to higher PHDI scores) may be associated with oxidative
stress, inflammation, and gut microbiota. In contrast,
the exacerbation of asthma by a Western dietary model
(corresponding to lower PHDI scores) is likely linked to
inflammation.

Oxidative stress and inflammation are key mechanisms
by which diet influences asthma. Oxidative stress occurs
when the balance between the production and elimina-
tion of free radicals is disrupted, leading to neutrophilic
inflammatory infiltration and increased secretion of pro-
teases, resulting in the production of a large amount of
reactive oxygen species (ROS). Excessive ROS can also
increase the expression of NLRP3, triggering the release
of pro-inflammatory cytokines and inducing inflamma-
tion. During inflammation, mast cells and leukocytes
accumulate at the damaged site, increasing oxygen intake
and subsequently the release and accumulation of ROS at
the site, thereby exacerbating oxidative stress. Oxidative
stress and inflammation are associated with poor asthma
outcomes. When the lungs are exposed to oxidative stress
and an inflammatory environment, it can lead to pulmo-
nary dysfunction such as asthma. Research by Wood LG
et al. [46, 47]. confirmed that a diet rich in plant-based
foods (high PHDI scores) can reduce inflammatory
responses and enhance anti-inflammatory factors. Early
studies [48] have shown that adopting a plant-based
diet provides antioxidants and unsaturated fatty acids,
which can alleviate oxidative stress and inflammation,
thus mitigating asthma. Increased intake of fruits and
vegetables is negatively correlated with the number of
pro-inflammatory cytokines and airway neutrophils in
asthma patients [49]. Whole grains also have antioxi-
dant and anti-inflammatory properties. Studies [50] have
shown that higher consumption of whole grains is asso-
ciated with lower levels of serum C-reactive protein and
tumor necrosis factor-a receptor-2. Conversely, Western
dietary patterns exacerbate oxidative stress and inflam-
mation. Research [51] indicates that dairy consumption
is positively correlated with the concentration of pro-
inflammatory interleukin (IL)-17 F (P<0.05), suggesting
that the IL-17 F-dependent inflammatory pathway may
mediate asthma development. Kim et al. [52]. found that
a high-fat diet induces the production of numerous pul-
monary cytokines, increasing airway hyperresponsive-
ness and inflammation, as evidenced by elevated IL-6 and
IL-8 expression in sputum samples. A diet high in mixed
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fats not only increases the release of TNF-a and IL-6
but also activates Toll-like receptors, triggering immune
responses [53].

The composition and function of respiratory and gut
microbiota interact, known as the “gut-lung axis,” and
are related to airway immune function. Dysfunction of
the airway epithelial barrier and increased permeability
contribute to antigen sensitization and the progression
of asthma. Concurrently, gut microbiota dysbiosis can
increase the risk of asthma. Gut microbiota is closely
related to dietary patterns, with different diets influenc-
ing the production of various metabolites by gut microbi-
ota, thereby affecting immune responses and modulating
pulmonary pro-inflammatory reactions [54]. Studies have
shown that plant-based diets (with high PHDI scores)
can modulate gut immune responses to improve airway
inflammation [55]. Intake of dietary fiber can lead to the
production of short-chain fatty acids by gut microbiota,
which have a regulatory effect on immune responses.
Consuming yogurt can supplement the body with pre-
biotics, which are dietary supplements that regulate
gut microbiota, affect blood lipid levels, and enhance
immune system function. Research [56] indicates that
women who take prebiotics during pregnancy and lacta-
tion may reduce the risk of allergen sensitization.

This study found that BMI mediates the association
between PHDI and asthma, potentially through the fol-
lowing mechanisms: (1) The dietary patterns within
PHDI may influence asthma risk through their impact
on BMI. For instance, diets rich in vegetables, fruits, and
whole grains help maintain a healthy BMI [57], poten-
tially reducing asthma risk. Conversely, high-fat and
high-sugar diets may increase BMI [58], thereby elevating
asthma risk. (2) The gut microbiota in obese individuals
typically differs significantly from that of healthy indi-
viduals, often characterized by a reduction in beneficial
bacteria and an increase in harmful bacteria [59]. This
dysbiosis can affect lung health via the “gut-lung axis,’
increasing airway susceptibility [54]. Elevated BMI may
mediate the relationship between PHDI and asthma indi-
rectly by altering gut microbiota composition, particu-
larly when high-fat and high-sugar diets further disrupt
the gut microbiome. (3) Increased BMI may influence
immune system function [60], potentially affecting how
certain dietary components in PHDI (such as high sugar
or high fat) impact asthma risk through BMI’s effects
on the immune system. (4) Individuals with higher BMI
are more likely to experience airway narrowing and air-
flow limitation [61], which may increase susceptibility
to asthma or exacerbate asthma symptoms during an
attack. The mechanical pressure of obesity on the air-
ways could amplify the effects of unhealthy diets within
PHDI. (5) Expansion of adipose tissue in obese individu-
als leads to macrophage infiltration and elevated levels of
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pro-inflammatory cytokines (e.g., TNF-«, IL-6, and CRP)
[62]. These inflammatory markers can affect the lungs
via the bloodstream, increasing airway inflammation
and thereby worsening or triggering asthma symptoms
[63]. Elevated BMI may enhance or accelerate the nega-
tive impact of unhealthy dietary components in PHDI on
asthma risk through this systemic inflammation pathway.

In summary, the PHDI is a dietary metric represent-
ing both planetary and human dietary health. Asthma,
beyond its genetic predispositions, is closely associated
with diet and environmental factors. Current research
predominantly focuses on the relationships between
dietary patterns, dietary fiber, and nutrients with asthma.
There has been no previous research on the association
between PHDI and asthma risk in adults. This study is
the first to investigate the role of BMI in the relation-
ship between PHDI and asthma prevalence using the
NHANES database. First, a multivariable logistic regres-
sion model demonstrated a negative correlation between
PHDI and asthma. Smooth curve fitting assessed the
relationship, confirming a negative and linear correlation
(nonlinearity=0.138). Subgroup analyses adjusting for
age, gender, education level, marital status, income, race,
energy intake, smoking, alcohol consumption, hyperten-
sion, diabetes, and hypercholesterolemia showed no sig-
nificant interaction between PHDI and these stratified
variables (p>0.05), indicating a very stable relationship.
Finally, the mediation analysis results indicate that BMI
serves as a mediator in the association between PHDI
and asthma. Literature review reveals that plant-based
dietary patterns correspond to higher PHDI scores,
while Western and high-fat dietary patterns correspond
to lower PHDI scores. Previous studies have found that
a high intake of fruits, vegetables, and grains can reduce
the risk of asthma [37, 38], whereas a high intake of red
meat, eggs, fish, saturated fats trans fats, added sugars
and fruit juices increases the risk of asthma. The under-
lying mechanisms are closely related to oxidative stress,
inflammation, and gut microbiota.

Additionally, this study has limitations: (1) The cross-
sectional nature of the data limits causal inference, and
although PHDI may have an impact on asthma through
BMI, more comprehensive prospective cohort stud-
ies, randomized controlled trials, or animal studies are
required in the future to determine the precise patho-
genic processes. (2) The constraints of the NHANES
database preclude us from eliminating the potential con-
founding factors’ ultimate impact on the study results,
even though we included a reasonably high number of
covariates based on prior research to improve the robust-
ness of our study results. As a result, it is important to
interpret the study’s findings carefully and impartially.
(3) Given that the analysis of the relationship between
dietary components and disease risk should adhere to
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the isocaloric principle, incorporating all macronutri-
ents, micronutrients, and energy within the same model
may introduce bias [64]. Consequently, the WQS analysis
results in this study should be interpreted with caution.
(4) The development of the PHDI is based on the Food
Frequency Questionnaire (FFQ). Although the FFQ is the
most used method in epidemiological studies to investi-
gate the relationship between diet and health outcomes,
it has its limitations. These include the incompleteness
of the food list and the potential for recall bias in the
reports provided [65]. (5) It is well known that asthma is
associated with socioeconomic status, urbanization, and
local air pollution levels, all of which play a significant
role in the pathogenesis of asthma [66]. In the future, we
plan to pursue multicenter studies with larger sample
sizes or explore alternative study designs to address this
limitation.

Conclusion

In conclusion, our study indicates a linear inverse asso-
ciation between PHDI and asthma risk, with BMI medi-
ating this relationship. Randomized controlled trials are
necessary to further explore the connection between
PHDI and asthma symptoms. Future prospective studies
and fundamental experiments are needed to delve deeper
into the mechanisms, which can then guide dietary rec-
ommendations for asthma patients while promoting both
planetary and human health. Providing specific dietary
structure recommendations can offer new perspec-
tives for the comprehensive prevention and treatment
of chronic non-communicable diseases like asthma, thus
reducing the global disease burden. Integrating human
dietary health, respiratory health, and planetary health
into a unified approach can advance universal health cov-
erage and alleviate the global disease burden.
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