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Abstract

Study selection.

Objective The objective of this study was to investigate the effects of total dietary energy intake on asthma.

The study was a retrospective cross-sectional study of Americans aged 1-18 year. Comprehensive demographic,
dietary, examination, laboratory, and asthma questionnaire data were collected for each participant. Multivariate logis-
tic regression, restricted triple spline curves, threshold effects, and stratified analyses were used for analysis.

Results Of 12,090 participants, 1,893 (15.66%) had a diagnosis of asthma. After accounting for potential confound-
ers, compared with the group with the lowest energy intake (Q1), groups 2 (Q2), groups 3 (Q3), and groups 4 (Q4)
had adjusted odds ratios (ORs) of 0.72 (0.62-0.85), 0.63 (0.51-0.77) and 0.55 (0.43-0.7) for asthma. The relationship
between total energy intake and asthma showed an L-shaped curve (p=0.001). The results were further verified

by stratification and sensitivity analyses. In the threshold analysis, we found that the saturation effect was reached
at a total energy intake of 56.442 kcal/kg/day with an OR of 0.981 (0.973-0.989).

Conclusion The prevalence of asthma in Americans aged 1-18 years was associated with total dietary energy intake
in an L-shaped curve, with a significant turning point found at approximately 56.442 kcal/kg/day.

Keywords |-shaped relationship, Cross-sectional study, Asthma, Children, Diet, Energy intake

Introduction

Asthma is one of the most common chronic child-
hood diseases, characterized by recurrent attacks and
reversible bronchial obstruction [1]. The Centers for
Disease Control and Prevention (CDC) estimated that
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approximately 25 million people in the United States
had asthma in 2021, of which 4.67 million were children
under the age of 18 [2], placing a heavy economic burden
on the healthcare system and society [3]. A growing body
of evidence suggests that diet plays an important role in
both chronic and allergic diseases [4].

Numerous factors contribute to the development of
asthma. Past research has demonstrated a negative cor-
relation between asthma-related outcomes and the con-
sumption of fish and whole grain products.[5]On the
other hand, children in developed nations consume a
diverse range of foods that include intricate combina-
tions of nutrients that could potentially interact or work
in concert. Consequently, examining dietary patterns
rather than individual food associations may yield more
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accurate predictions of disease risk. The Western diet
and the Mediterranean diet have received the most atten-
tion in studies on the general health impacts of childhood
nutrition [6]. The prevalence of wheeze, a high-pitched,
musical, adventitious lung sound produced by airflow
through an abnormally narrowed or compressed air-
way, appears to be negatively correlated with a children
Mediterranean diet, according to systematic reviews
and meta-analyses of observational research [7]. In con-
trast, children who consume a Western diet may be more
susceptible to respiratory ailments [8]. This correlation
could be partially explained by obesity resulting from a
high-energy diet, which has been shown to play a signifi-
cant role in the higher incidence of asthma [9]. However,
research on the connection between calorie intake and
asthma is still scarce.

Therefore, we conducted a cross-sectional investigation
for which the National Health and Nutrition Examination
Survey (NHANES) provided a representative sample. The
purpose of our study was to investigate the relationship
between total energy intake and the risk of developing
asthma in Americans aged 1-18 years and to assess the
dose—response relationship between total energy intake
and the risk of developing asthma in this population. This
study contributes to our understanding of asthma man-
agement and prevention.

2009-2018 Participants who completed the
interview (n=49693)
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Materials and methods

Data sources and study population

The NHANES provided data collected between 2009
and 2018 for this cross-sectional investigation [10].
NHANES is a multistage probability survey that evalu-
ates the health and nutritional status of the civilian
population in the United States [11]. It is conducted
by the National Center for Health Statistics (NCHS), a
branch of the U.S. Centers for Disease Control and Pre-
vention. Comprehensive health and demographic data
were gathered through household-based healthcare,
socioeconomic, and demographic interviews, followed
by physical examinations, interviews, and laboratory
evaluations of mobile examination centers (MECs). All
participants were provided written informed consent
prior to participation in the study, which followed the
ethical guidelines established by the National Center
for Health Statistics (NCHS) Ethics Review Commit-
tee [12]. Additional institutional review board approval
was not required for this secondary analysis [12]. The
official NHANES website (http://www.cdc.gov/nchs/
nhanes.htm) will be accessible with the study’s data
starting March 1, 2024. All study participants were aged
1-18 years. The study excluded participants with miss-
ing body weight, total energy consumption, or asthma
data. Figure 1 illustrates the exclusion procedure.

Participants who more than 18 year

L i
old(n=30352)
4
Participanta who less than 18 years
old(n=19341)
Exclude the missing asthma
> questionnaire
(n=2007)
y
Participants include data with asthma
questionnaire (n=17334)
Exclude data with missing total energy
P> instake(n=5167)

y

Exclude data with missing weight(n=77)

Participants included in analysis(n=12090)

Fig. 1 Study’s flow diagram
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Ultimately, 12,090 participants were included in the
analysis.

Asthma

By answering the question, “Has a doctor or other health
professional ever told you that you have asthma?” we
determined whether the participants had asthma. A
participant’s response of "yes" indicated he or she had
asthma, whereas his response of "no" indicated he or she
did not [13].

Total energy

A completely computerized recall system with standard-
ized questions and alternative answers was used to obtain
the NHANES dietary intake data. The system combined
an automated multiple-pass method (AMPM) and a
personal food intake survey (CSFII) to obtain precise
nutritional values for each participant [11]. The Dietary
Survey’s methodology is thoroughly explained in the
NHANES Dietary Survey Manual [14]. We determined
total energy intake (kcal/kg/day) based on data from two
24-h dietary recall interviews, corrected for body weight
based on previous literature [13]. Using total energy con-
sumption as a guide, participants were divided into four
groups, with the first group (Q1) representing an energy
intake below the 25th percentile. Participants in the sec-
ond group (Q2) had intakes that fell between the 25th
and 50th percentiles. Those with intakes between the
50th and 75th percentiles were placed in the third group
(Q3), and those with intakes beyond the 75th percentiles
were placed in the fourth group (Q4).

Covariates

Based on previous research [15], several potential covari-
ates were evaluated, including age, sex, race/ethnicity,
BMI category (BMIC), poverty-to-income ratio (PIR),
maternal smoking during pregnancy, maternal age at
delivery, birth weight, dietary fiber, vitamin E, vitamin C,
vitamin D, iron, zinc, selenium, n-3 polyunsaturated fatty
acids (PUFA), white blood cells (WBC), Percentage of
eosinophils (EOPC), lymphocyte count, monocyte count,
hemoglobin (HGB), and 25-hydroxyvitamin D3 levels.
Race/ethnicity was further classified as non-Hispanic
white, non-Hispanic black, Mexican American, and other
races [16, 17]. The following BMI classification categories
were established based on weight classification criteria:
underweight (BMI < 5th percentile), normal weight (BMI
5th to 85th percentile), overweight (BMI 85th to 95th
percentile), and obese (BMI>95th percentile) [18]. PIR
is computed as household (or individual) income divided
by the survey year’s poverty criterion. A 2015 U.S. gov-
ernment study states that household incomes are divided
into three PIR-based groups: low (PIR<1.3), moderate
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(PIR 1.3-3.5), and high (PIR>3.5) [19]. Mothers’ smok-
ing status during pregnancy was determined by answer-
ing the questionnaire “Did the biological mother smoke
during pregnancy?” If the answer was “yes,” the mother
was considered to have smoked; otherwise, she was con-
sidered to have not smoked. The mother’s age at birth
was measured in years. Birth weight was defined as the
participant’s weight at birth in pounds. Daily intake of
nutritional information, including vitamin D, vitamin A,
vitamin E, vitamin C, n-3PUFAs, dietary fiber, dietary
iron, and dietary zinc, was calculated using 24-h dietary
recall interviews. Complete blood count (CBC) and
blood cell distribution, including WBC count, EOPC,
lymphocyte count, monocyte count, and HGB level, were
measured in blood samples from each participant at the
MEC using a Beckman Coulter DxH 800 device (Califor-
nia, USA). A Thermo Fisher TSQ Vantage system triple
quadrupole tandem mass spectrometer (Thermo Fisher
Scientific, Massachusetts, USA) was used to quantify
the serum 25-hydroxyvitamin D3 levels. Comprehensive
details of measures that consider covariates can be found
at www.cdc.gov/nchs/nhanes/.

Analytical statistics

The publicly available dataset was subjected to quadratic
analysis, whereby categorical variables were expressed as
percentages (%) and continuous variables as either mean
(SD) or median (IQR), contingent upon their distribu-
tion. One-way ANOVA (normal distribution), Kruskal—
Wallis test (skewed distribution), and chi-square test
(categorical variables) were used to compare the differ-
ences among the groups. The association between total
energy intake and asthma was examined using logistic
regression models that produced OR and 95% confidence
intervals (95% CI). Three adjusted models in the multi-
variate logistic regression analysis were created: age,
sex, race/ethnicity, BMIC, PIR, mother’s smoking status
throughout pregnancy, mother’s birth weight, and moth-
er’s age at delivery, all of which were included in Model
1. Dietary fiber, vitamin E, vitamin C, vitamin D, iron,
zinc, selenium, and n-3 polyunsaturated fatty acids were
further corrected in Model 2; WBC, EOPC, lymphocyte
count, monocyte count, HGB, and 25-hydroxyvitamin
D3 were entirely adjusted in Model 3. After adjusting for
variables in accordance with logistic regression Model
3, we examined the nonlinear relationship between total
energy intake and asthma using a restricted cubic spline
(RCS) with four nodes. Furthermore, we adjusted for var-
iables consistent with Model 3 and examined the thresh-
old connection between total energy intake and asthma
using a two-stage logistic regression model. Multivari-
ate logistic regression analysis and likelihood ratio tests
for interactions were used to investigate the relationship
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between total energy intake and asthma across the sub-
groups. Additionally, to further evaluate the robustness
of the data, we eliminated individuals whose daily energy
expenditure of <500 and>5000 kcal [16], and adjusted
for body weight to perform sensitivity tests. R statistical
software 4.2.2 (http://www.R-project.org, The R Founda-
tion) and Free Statistics software 1.9.2 were used for all
analyses. Statistical significance was set at p <0.05.

Results

Study population and baseline characteristics

A total of 49,693 participants were interviewed between
2009 and 2018. Data from a total of 12,070 participants
was included in the analysis (Fig. 1), of whom 1,893
(15.66%) had asthma and 50.6% were male. We excluded
participants who were aged>18 years (n=30,352), had
missing data regarding asthma questionnaires (n =2007),
energy intake (n=5177), and/or weight (n=77). The
median patient age was 9 years. We divided the total
energy into four groups, Q1 (<33.98 kcal/kg/day), Q2
(33.98-55.41 kcal/kg/day), Q3 (55.41-81.6 kcal/kg/day),
and Q4 (>81.6 kcal/kg/day). The four groups were statis-
tically different (p<0.05) with respect to age, sex, race/
ethnicity, BMIC, PIR, mother’s age at birth, birth weight,
dietary fiber, vitamins E, C, and D, iron, zinc, selenium,
n-3 PUFA, WBC, EOPC, lymphocyte count, monocyte
count, hemoglobin, and 25-hydroxyvitamin D3 levels.
There were no statistically significant differences among
the four groups regarding maternal smoking during preg-
nancy (Table 1). The Supplementary Material describes
the demographic characteristics according to the asthma
status (Table S1).

Relationship between total energy intake and asthma

One-way logistic regression analysis showed, age, sex,
race/ethnicity, PIR, mother’s smoking status through-
out pregnancy, birth weight, and mother’s age at deliv-
ery, vitamin E, vitamin D, iron, zinc, selenium, and n-3
polyunsaturated fatty acids, EOPC, lymphocyte count,
HGB, and 25-hydroxyvitamin D3 were significantly asso-
ciated with asthma (all P<0.05) (Table S2). In a multi-
factorial logistic regression analysis, total energy was
categorized into four groups, and total energy intake
was negatively associated with asthma after exclud-
ing potential confounders. Compared with individu-
als with the lowest energy intake Q1 (<33.98 kcal/kg/
day), the asthma-adjusted odds ratio (OR) of the Q2
(33.98-55.41 kcal/kg/day), Q3 (55.41-81.6 kcal/kg/day),
and Q4 (>81.6 kcal/kg/day) groups were 0.72 (0.62—0.85,
p=0.001), 0.63 (0.51-0.77, p<0.001), and 0.55 (0.43-0.7,
p<0.001), respectively (Table 2). Notably, the restricted
cubic spline analysis revealed an L-shaped curve (non-
linear, p=0.001) between total energy intake and asthma
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(Fig. 2). We found an odds ratio (OR) of 0.981,95% CI:
0.973-0.989, p<0.001) among people with a total energy
intake <56.442 kcal/kg/day in the threshold analysis.
For every unit increase in total energy intake (kcal/kg/
day), the risk of asthma decreased by 1.9%. Conversely,
we discovered that there was no longer a negative cor-
relation between total energy intake and asthma, with a
computed OR of 0.997 (95% CI: 0.993-1) and a p-value of
0.0906 for participants who consumed >56.442 kcal/kg/
day (Table 3).

Stratification and sensitivity analysis based on additional
variables

Stratified analyses of the subgroups revealed no signifi-
cant interactions in any category when stratified by age,
sex, ethnicity/race, or PIR (Fig. 3). Data from 12,046 peo-
ple remained after eliminating those with extremely high
total energy intakes, and the correlation between total
energy intake and asthma did not change (Table S3).

Discussion

Our cross-sectional survey found an L-shaped asso-
ciation between total energy intake and asthma among
Americans aged 1-18 years. A 1.9% decrease in the prob-
ability of asthma was linked to every unit increase in
total energy intake (kcal/kg/day) when it was less than
56.442 kcal/kg/day. No significant relationship was found
between total energy intake and the risk of asthma when
intake surpassed 56.442 kcal/kg/day. These results show
that there may be a saturation effect and that consuming
more overall energy may not further lower the incidence
of asthma. The subgroup and sensitivity analysis results
were consistent. The clinical consequences of these find-
ings are significant.

Numerous studies have examined the connection
between diet and asthma in various life phases, includ-
ing infancy [8, 20], adolescence [21-23], and adulthood
[24], but the findings have been inconsistent. A 2016
study conducted in the United States found that chil-
dren between the ages of 2 and 9 who consumed exces-
sive amounts of free fructose beverages had a higher
chance of developing asthma [25]. This study may have
been biassed and produced different results because the
exposure variable was derived using a food intake fre-
quency questionnaire. In contrast, the consumption of
whole grains and fish was found to be negatively cor-
related with asthma in a study on diet and asthma in
Dutch students [5], whereas the consumption of (cit-
rus) fruits, vegetables, and dairy products was not cor-
related with asthma. However, as foods are ingested in
combination, a more comprehensive approach to illness
prevention may be suggested by viewing the diet as a
whole rather than focusing on particular ingredients or
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Table 1 Baseline information on the population

Variables Total energy(kcal/kg/day) p
Total (n=12,090) Q1(n=3023) Q2 (n=3022) Q3 (n=3022) Q4 (n=3023)

Age (years) 9.0(4.0,13.0) 14.0 (12.0,16.0) 11.0 (8.0, 14.0) 7.0(4.0,9.0) 3.0(2.0,5.0) <0.001

Sex, n (%) <0.001

Male 6114 (50.6) 1355 (44.8) 1507 (49.9) 1604 (53.1) 1648 (54.5)

Females 5976 (49.4) 1668 (55.2) 1515 (50.1) 1418 (46.9) 1375 (45.5)

Race and ethnicity, n (%) <0.001

Non-Hispanic white 3519(29.1) 740 (24. 865 (28.6) 956 (31.6) 958 (31.7)

Non-Hispanic black 2883 (23.8) 841 (27. 695 (23) 660 (21.8) 687 (22.7)

Mexican American 2657 (22.0) 727 (24) 685 (22.7) 627 (20.7) 618 (20.4)

Others 3031 (25.1) 715 (23. 777 (25.7) 779 (25.8) 760 (25.1)

PIR, n (%) <0.001

Low 5427 (44.9) 1361 (45) 1288 (42.6) 1350 (44.7) 1428 (47.2)

Medium 4230 (35.0) 116 (36.9) 1083 (35.8) 1028 (34) 1003 (33.2)

High 2433 (20.1) 546 (18.1) 651 (21.5) 644 (21.3) 592 (19.6)

BMI Category, n (%) <0.001

Underweight 344 (2.8) 28(0.9) 76 (2.5) 130 (4.3) 110 (3.6)

Normal weight 7314 (60.5) 1159 (38.3) 1869 (61.8) 2175(72) 2111 (69.8)

Overweight 1968 (16.3) 655 (21.7) 546 (18.1) 395 (13.1) 372(123)

Obese 2464 (20.4) 1181 (39.1) 531(17.6) 322(10.7) 430 (14.2)

Asthma, n (%) <0.001

No 10,197 (84.3) 2378(78.7) 2523 (83.5) 2610 (86.4) 2686 (88.9)

Yes 1893 (15.7) 645 (21.3) 499 (16.5) 412 (13.6) 337(11.1)

Mother smoked when pregnant, n (%) 0.141

No 10,703 (88.5) 2666 (88.2) 2669 (88.3) 2710 (89.7) 2658 (87.9)

Yes 1387 (11.5) 357(11.8) 353(11.7) 312(10.3) 365 (12.1)

Mother’s age when born(years) 270+6.3 265+6.3 269+6.3 274+6.2 273+6.2 <0.001

Weight at birth (pounds) 68+14 69+14 68+t14 68+13 66+14 <0.001

HGB (g/dL) 13112 136113 133412 129410 125+09 <0.001

WBC (1000 cells/pL) 0(5.7,8.5) 6.9 (56,82 6.7 (54,8.1) 7.0(5.7,85) 76(6.3,9.3) <0.001

EOPC (%) 26(1.6,4.3) 23(14,39 6(1.6,44) 28(1.7,47) 27(1.7,43) <0.001

Lymphocyte number (1000 cells/pL) 7(2.1,34) 23(19,28 24(20,3.0) 2.8(2.3,3.6) 35(2.7,45) <0.001

Monocyte number (1000 cells/pL) 0.6 (04,0.7) 0.5(04,0.7) 0.5 (04, 0.6) 0.6 (04,0.7) 0.6 (0.5,0.8) <0.001

Dietary fiber (gm/day) 124 (9.1, 16.6) 109 (8.1, 14.4) 13.5(10.0,17.8) 12.7(9.2,17.0) 12.8(9.5,17.0) <0.001

Vitamin E(mg/day) 5.6(4.0,7.8) 5.0(3.6,6.8) 6.2 (4.5,84) 5.7 (4.0,8.1) 58(4.2,79) <0.001

Vitamin C (mg/day) 64.3 (34.7,104.2) 480(22.9,862) 635(33.0,101.8) 681(39.1,1033) 794 (47.1,121.9)  <0.001

Vitamin D (D2 + D3) (mcg/day) 5.1(3.0,7.6) 3.5(1.8,5.6) 48(3.0,7.2) 54(35,7.7) 6.8 (4.5,9.4) <0.001

Iron (mg/day) 12.2(8.8,164) 10.7 (7.9, 14.4) 13.3(99,17.5) 12.5(9.0,16.7) 12.3(8.9,16.6) <0.001

Zinc (mg/day) 86(64,115) 7.7 (56,10.3) 93(7.0,124) 86(6.3,11.8) 89(6.8,11.6) <0.001

Selenium (mcg/day) 84.0(62.2,109.2) 784(59.0,101.1) 93.2(69.8,1214) 81.8(594,108.1) 82.2(63.5, 106.6) <0.001

25-hydroxyvitamin D3 (nmol/L) 63.7 (514,76.7) 53.8(41.9,65.7)  61.7(50.1,734)  67.6(564,79.8)  71.0(59.9,83.0) <0.001

n-3 PUFAs (mg/day) 1.2(0.8,1.6) 1.1(0.7,1.5) 1.3(09,1.8) 1.2(0.8,1.6) 1.2(09,1.6) <0.001

Total energy (kcal/kg/day) 55.4(34.0,81.6) 246(19.1,293)  442(389,496) 679(613,747) 102.7(91.2,1199) <0.001

Abbreviations: PIR ratio of income to poverty, BMI body mass index, WBC white blood cell count, EOPC eosinophils percent, HGB hemoglobin, n-3 PUFAs, n-3

polyunsaturated fatty acids, Q quartile, Q1 (< 33.98); Q2 (33.98-55.41); Q3 (55.41-81.6); Q4 (> 81.6)

nutrients. According to certain research, a “Western” diet
may make children more likely to experience respiratory
symptoms frequently between the ages of 3 and 4 [8]; in
contrast, a Mediterranean diet may help prevent asthma

attacks [7, 26]. This correlation can be partially explained
by energy intake. According to systematic reviews and
meta-analyses of observational studies [27] found in the
Cochrane Database, reducing dietary caloric intake may
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Total energy(kcal/kg/day)
Fig. 2 Odds ratios for the association between total energy intake and asthma. Note: Solid and dashed lines represent predicted values and 95%
confidence intervals. Adjusted for age, sex, race/ethnicity, BMI category, PIR, mother’s smoking during pregnancy, mother’s age at birth, birth
weight, dietary fiber, vitamin E, vitamin C, vitamin D, iron, zinc, selenium, n-3 PUFA, WBC, EOPC, lymphocyte counts, monocyte counts, HGB,
and 25-hydroxyvitamin D3; Only 99.9% of the data is shown. Abbreviations: PIR, ratio of income to poverty; BMI, body mass index; WBC, white blood
cell count; EOPC, eosinophil percentage; HGB, hemoglobin; n-3 PUFAs, n-3 polyunsaturated fatty acids

Table 3 Threshold analysis of the relationship between total
energy intake and asthma

Total energy(kcal/kg/day)  No Adjusted Model

OR (95%Cl) P-value
<56.442 6177  0981(0.973~0989)  <0.001
>56.442 5913 0.997 (0.993~1) 0.0906
Likelihood ratio test <0.001

Adjusted for age, sex, race/ethnicity, BMI category, PIR, mother’s smoking
during pregnancy, mother’s age at birth, birth weight, dietary fiber, vitamin E,
vitamin C, vitamin D, iron, zinc, selenium, n-3 PUFA, WBC, EOPC, lymphocyte
counts, monocyte counts, HGB, and 25-hydroxyvitamin D3; Only 99.9% of the
data is displayed. Abbreviations: Cl confidence interval, OR odds ratio, PIR ratio
of income to poverty, BMI body mass index, WBC white blood cell count, EOPC
eosinophil percentage, HGB hemoglobin, n-3 PUFAs, n-3 polyunsaturated fatty
acids

help reduce asthma symptoms. Dietary caloric restric-
tion is crucial for both adults and children with chronic
asthma. However, the review was constrained by a small
sample size and the fact that the study participants were
obese.

Different populations, ages, study methods, and
follow-up durations may account for the differences
between our results and those of other studies. Unlike
these earlier studies, our study selected Americans aged
1-18 years and appropriately controlled for factors that
may influence asthma attacks. Once the total energy
intake exceeded a specific threshold, we did not find a
significant correlation between asthma and total energy
intake. However, within the threshold range, the asthma
risk decreased as the total energy intake increased. For
example, for a 20 kg child, it is better to maintain the
total energy intake within 1100 kcal per day to decrease
asthma risk. Notably, our findings are supported, to
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Subgroup
Overall

Crude

Adjusted

Age(years)

<10

Male

Female

Race and ethnicity

Non-Hispanic white

Non-Hispanic black

Mexican American

Others

PIR

Low<13

Medium(1.3-3.5)

High(>3.5)

Variable Total
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Q2

Q3
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Q2
Q3
Q4
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Q4
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Qa1
Q2
Q3
Q4
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Q2
Q3
Q4
Qi
Q2
Q3

Qs

1]
Q2
Q3

Qs

Q2
Q3
Qs
a
Q2
Q3

Q4

3023

3022

3022

3023

3023

3022

3022

3023

227

1159

2339

2930

2796

186

683

93

1355

1507

1648

1668

1515

1418

1375

740

865

956

958

841

695

1288

1350

1428

1116

1028

1003

(2025) 25:180

Event (%)

645 (21.3)
499 (16.5)
412(13.6)
337 (11.1)
645 (21.3)
499 (16.5)
412(13.6)

337 (11.1)

50 (22)

181(15.6)
283 (12.1)
315(10.8)
595 (21.3)
318(17.1)
129 (18.9)

22(237)

323(238)
288 (19.1)
251(15.6)
217 (132
322(193)
211(13.9)
161 (11.4)

120 (8.7)

153 (20.7)
135 (15.6)
11(11.6)
83(8.7)

214 (25.4)
155 (22.3)
139 (21.1)
118(17.2)
127 (17.5)
90 (13.1)
49(7.8)

49(7.9)

151 (21.1)
119(15.3)
113 (14.5)

87 (114)

301 (22.1)
219.(17)

210 (15.6)
186 (13)

249 (22.3)
167 (15.4)
126 (12.3)
101 (10.1)
95 (17.4)
113 (17.4)
76(118)

50 (8.4)

OR (95%Cl)

1(Ref)

0.73 (0.64~0.83)
0.58 (0.51~0.67)
0.72 (0.49~1.04)
1(Ref)

0.72 (0.62~0.85)
0.63 (0.51~0.77)

0.55 (0.43~0.7)

1(Ref)

072 (0.49~1.04)
053 (0.36~0.77)
0.46 (0.4~0.53)
1(Ref)
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0.55 (0.43~0.7)

1(Ref)
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0.64 (0.49~0.84)
0.57 (0.41~0.79)
1(Ref)

0.69 (0.54~0.87)
0.61(0.45~0.83)

0.52 (0.36~0.75)

1(Ref)

0.78 (0.57~1.06)
069 (0.46~1.02)
059 (0.36~0.96)
1(Ref)

0.78 (0.58~1.04)
067 (0.46~0.98)
054 (0.35~0.83)
1(Ref)

0.79 (0.55~1.14)
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065 (0.36~1.16)
1(Ref)
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054 (0.36~0.8)

0.43(0.27~0.7)

1(Ref)
073 (0.57~0.92)
0.71/(0.53~0.96)
061(0.43~0.86)
1(Ref)

0,63 (0.48~0.82)
049 (0.35~0.7)
046 (0.3-0.7)
1(Ref)
09(063~1.28)
067 (0.41~1.08)

0.52 (0.29~0.94)

P for interaction

0.805

0.099

£ - =
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Effect(95%CI)

Page 8 of 10

<« Fig. 3 Forest plot of multivariable logistics analysis between total

energy intake and asthma. Abbreviations: Energy intake quartile (kcal/
kg/day): Q1 (<33.98); Q2 (33.98-5541); Q3 (55.41-81.6), Q4 (> 81.6),
Cl, confidence interval; OR, odds ratio; PIR, ratio of income to poverty

some extent, by those of other studies. For example, Maf-
fei et al. [21] found that children with mild-to-moderate
asthma may benefit from using their dietary history to
estimate their energy needs. In a review of weight loss
interventions for chronic asthma [28], it was found that
weight loss may help improve asthma control in over-
weight and obese patients; however, an appropriate
range of energy intake was not specified. Multicenter
randomized controlled trials are required to confirm our
findings.

Despite the need for further research into the poten-
tial mechanisms underlying the negative correlation
between energy intake and asthma, the results of this
study are already biologically plausible based on existing
evidence. First, excessive energy intake, particularly from
high-sugar and high-fat diets, may indirectly increase the
risk of asthma by promoting chronic low-grade inflam-
mation and the development of obesity. [29] In contrast,
moderate energy intake helps maintain normal immune
system function, reduces excessive immune responses,
and thereby lowers the incidence of asthma [30]. Sec-
ond, obesity is one of the key risk factors for asthma [31,
32]. Excessive energy intake leads to fat accumulation,
and cytokines secreted by adipose tissue (such as tumor
necrosis factor-alpha and interleukin-6) can promote sys-
temic inflammatory responses [33]. An increase in these
cytokines may exacerbate asthma symptoms. Further-
more, energy intake may influence asthma susceptibility
by modulating cytokine levels, particularly the secretion
of pro-inflammatory cytokines. For example, excessive
energy intake may increase levels of pro-inflammatory
cytokines such as interleukin-4 (IL-4) and interleukin-13
(IL-13), which play a critical role in the pathogenesis of
asthma [34]. In contrast, moderate energy intake helps
maintain immune system balance, reduces the release
of pro-inflammatory cytokines, and thus decreases the
incidence of asthma [35]. Third, excessive energy intake,
particularly from high-sugar and high-fat diets, may
increase oxidative stress levels in the body. Oxidative
stress refers to an imbalance between reactive oxygen
species and antioxidant defenses, where excess reactive
oxygen species can damage cells and activate inflamma-
tory pathways, thereby worsening asthma pathogenesis
[36, 37]. On the other hand, lower energy intake (espe-
cially reduced sugar intake) may help decrease oxidative
stress levels, thereby reducing lung damage reduce [38].
Fourth, energy intake may also affect the development
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of asthma by altering the gut microbiota composition
[39]. High-energy diets can alter gut microbiota, increas-
ing the abundance of pro-inflammatory bacteria while
decreasing anti-inflammatory bacteria. This microbial
imbalance may promote systemic inflammation, increase
airway sensitivity, and thus contribute to asthma devel-
opment [40]. Studies suggest an L-shaped relationship
between energy intake and asthma prevalence, indicating
that moderate energy intake (approximately 56.442 kcal/
kg/day) may provide the best protective effect. Therefore,
appropriate energy intake is of significant importance in
asthma management. The relationship between energy
intake and asthma likely involves multiple interacting
mechanisms, including immune modulation, inflam-
matory responses, obesity development, and oxidative
stress. Future research needs to further explore the spe-
cific effects of energy intake on different asthma sub-
types and whether moderate energy intake can serve as
a preventive and intervention strategy to reduce asthma
prevalence. Additionally, further clinical studies will help
clarify the specific thresholds of energy intake and the
underlying biological mechanisms.

The use of data spanning ten years to obtain a large
sample size is one of the strengths of our study. To exam-
ine the dose—response relationship between total energy
intake and asthma risk in Americans aged 1-18 years,
we used robust methods including regression modeling,
restricted triple spline curves, and threshold analysis.
However, there are some limitations of this study that
need to be considered. First, total energy intake data were
derived from 24-h self-reported dietary recall, which may
lead to bias. Second, despite adjusting for various con-
founders, the association between total energy intake
and asthma may have been modified by other potential
confounding variables. In addition, because of the dis-
continuity in child growth and development, with higher
energy requirements in infancy and adolescence, we will
need to examine the association between energy intake
and asthma at different ages in the future. Finally, due
to the inherent limitations of cross-sectional studies,
a causal relationship between total energy intake and
asthma cannot be demonstrated, and long-term studies
are still needed.

Conclusion

We found an L-shaped relationship between total energy
intake and asthma among Americans aged 1-18 years.
An important inflection point was located at an intake
of approximately 56.442 kcal/kg/day. Larger prospective
studies using more precise dietary assessment techniques
are needed to confirm and expand our findings.
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