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Background: Asthma is a common chronic disease among children, especially
preschoolers. Some evidence suggests that diet may play a role in asthma, but the
current findings are contradictory. The objective of our study was to determine the
association between dietary intake and asthma in preschool children aged 2-5 years.

Methods: We selected preschool children aged 2-5 years with complete data on
asthma diagnosis, diet, and body mass index (BMI) from the national health and
nutrition examination survey (NHANES) database. In a selected population, children with
self-reported asthma were included in the final sample. In children without self-reported
asthma, we further used propensity score matching (PSM) to match age and sex for
sampling, maintaining a ratio of 1:4 for cases. Lasso regression was used to identify
dietary factors affecting asthma in preschoolers.

Results: A total of 269 children with self-reported asthma and 1,076 children without
self-reported asthma were included in our study. Univariate analysis showed that there
were significant differences in ethnicity and dietary zinc intake between asthmatic children
and children without asthma. After adjusting for all dietary and demographic variables, the
results of logistic Lasso regression analysis showed that non-Hispanic black (8 = 0.65),
vitamin B12 (8 = 0.14), and sodium (8 = 0.05) were positively associated with childhood
asthma, while Vitamin K (8 = —0.04) was negatively associated with childhood asthma.

Conclusion: In conclusion, our study confirms that non-Hispanic black and dietary
sodium intake are associated with a higher risk of asthma in preschoolers. In addition, our
study found that dietary vitamin B12 was positively associated with childhood asthma,
while vitamin K was negatively associated with childhood asthma.

Keywords: asthma, dietary intake, lasso regression, child, health

INTRODUCTION

Asthma is a common chronic disease in children, characterized by chronic inflammation, airway
hyper responsiveness, and periodic airflow obstruction (1). According to the National Center
for Health Statistics, the prevalence of asthma in children under 18 years used to reach 13%
and remained at 8.4% as of 2017 (2). Preschoolers are more susceptible, with higher rates of
asthma prevalence, attacks, visits, and hospitalizations (3). In Sweden, the prevalence of asthma in
preschool children is about 9% (4, 5). In Portugal, at least one out of every three to four preschoolers
have an asthma episode (6).
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The main symptoms of childhood asthma include wheezing,
coughing, chest tightness, and choking. While most of
the symptoms in children can be controlled by inhaling
glucocorticoids, some children experience severe asthma attacks,
decreased lung function, and death, even with high doses of
glucocorticoids (7). Besides, asthma can also cause mental health
problems in children. Previous studies have shown that children
with asthma are more likely to have neurodevelopmental,
behavioral and emotional problems, and learning disabilities
than their healthy peers (8-11).

The established risk factors for childhood asthma include
genes, environment, and obesity (12). Due to the immutability
of gene and the diversity of allergens of asthma, it is difficult
to prevent childhood asthma from a genetic or environmental
perspective. As a major factor in controlling obesity, some
evidence suggests that diet may play a role in asthma (13, 14).
However, most studies have focused on dietary patterns or
single nutrients, with conflicting results, and not enough data
to assess the impact of asthma on children. In addition, the
possible multicollinearity between dietary macronutrients and
micronutrients poses challenges to statistical techniques.

National health and nutrition examination survey is a study
conducted by the National Center for Health Statistics of the
Centers for Disease Control and Prevention (CDC) to assess
the health and nutritional status of the U.S. population. Data
from 5,000 participants have been collected annually since 1999.
Lasso is a special modern statistical technique that allows a
large number of covariables in the model, and can actively
select risk factors from a set of potentially multicollinearity
variables, resulting in a more relevant and explainable set of
predictors (15). Our study combined high-quality data with
modern statistical techniques to analyze dietary risk factors for
asthma in preschoolers aged 2-5 years.

METHODS

Study Design

Our study is a case-control study. The NHANES collected
information on demographic, socioeconomic, and health-related
factors, as well as a 24-h dietary recall assessment. From 2011
to 2016, the NHANES included 45,667 participants, including
4,304 children aged 2-5 years. Among all the children aged 2-
5 years, 3,560 participants participated in the dietary survey
and had information about asthma. After deleting the missing
values, we selected 3,399 preschoolers aged 2-5 years with
complete demographic information, diet, and asthma data.
The selected population can well represent the 2-5 years old
population in NHANES (Supplementary Tables 1,2). In the
selected population, 269 children with self-reported asthma
were included in the final sample. For better statistical power,
among the children without self-reported asthma in the selected
population (n = 3,130), we further used propensity score
matching (PSM) to match age and sex for sampling, maintaining
aratio of 1:4 for cases, resulting in a final study sample of children
with self-reported asthma (n = 269) and children without self-
reported asthma (n = 1,076) (Figure 1). Since NHANES is a
publicly available dataset, the current study is exempt from
approval by an Institutional Review Board. All participants
provided informed consent.

Information of Asthma

Data on self-reported asthma was recorded in the “Medical
Conditions” section of the NHANES interview. A proxy
answered the following questions for children under 16 years
of age in NHANES: “Has a doctor or other health professional
ever told that the survey participant has asthma?” followed by
“Does the survey participant still have asthma?” Only children

n=45667

NHANES Participants (2009-2018)

n=4304

Children 2-5 years old

|

participated in the dietary survey and had
information about asthma

n=3560
| §

Delete missing values

|

n=161

n=3399

Children aged 2-5 years with complete general
information, diet, and asthma data

Eligible participants with self-
reported asthma participants
n=269

FIGURE 1 | Flowchart of study participants.
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FIGURE 2 | Cross-validation plot for the penalty term.

TABLE 1 | The demographic characteristics of the study population.

Demographic variable Children without asthma Children with asthma p-value
(n =1,076) (n =269)

Gender, n, (%) 1.000

Male 680 (63.2%) 170 (63.2%)

Female 396 (36.8%) 99 (36.8%)

Age, mean + SD 3.55+1.18 3.554+1.13 1.000

Household smoker, n, (%) 0.593

No 764 (71.0%) 198 (73.6%)

Yes 312 (29.0%) 71 (26.4%)

Ethnicity, n, (%) <0.001

Mexican American 192 (17.8%) 30 (11.2%)

Other Hispanic 95 (8.8%) 22 (8.2%)

Non-Hispanic white 378 (35.1%) 67 (24.9%)

Non-Hispanic black 225 (20.9%) 110 (40.9%)

Other race 186 (17.4%) 40 (14.8%)

BMI 16.50 + 1.92 16.74 £ 2.26 0.118

who still had asthma at the time of the survey were included in
the case group.

Dietary Intake

Dietary intakes were obtained from the “Total Nutrient Intake”
section of the NHANSE dietary interview. USDA Food and
Nutrient Database for Dietary Studies 5.0 (FNDDS 5.0) was
used to estimate the intake of energy, nutrients, and other
food components in foods and beverages consumed by the
participants during the 24h prior to the interview (from
midnight to midnight).

Other Measures

Age, gender, and ethnicity were obtained from the demographic
variables and sample weights dataset. The information of
household smoker was obtained from household smoker dataset.

Body mass index (BMI) of the participants was obtained from the
Body Measures dataset.

Statistical Analysis

All statistical analyses were performed using R Statistical
Software (version 4.0.3). Due to the stratified, multi-stage
probabilistic cluster sampling design of NHANES, the “survey”
package was used in the univariate analyses. We included five
cycles of NHANES data from 2009 to 2018, and adjusted
the data for 2-year dietary weight. The stratification variable
(SDMVSTRA) and primary sampling unit variable (SDMVPSU)
were selected according to the study design to appropriately
adjust the variance estimates. The dietary variables were
log-transformed appropriately, statistical analysis (including
univariate test and Lasso regression) was performed on the log-
transformed data, and statistical description was performed on
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TABLE 2 | Dietary intake of children with and without asthma.

Dietary variables Children without asthma Children with asthma p-value
(n =1,076) (n = 269)
Energy (Kcal) 1,449 (1,138-1,816) 1,509 (1,203-1,917) 0.173
Protein 49.82 (36.89-65.09) 52.69 (40.38-71.50) 0.181
Protein, % energy 18.73 (11.57-16.01) 13.46 (11.30-16.58) 0.829
Carbohydrate 193.80 (150.32-246.54) 205.08 (156.29-271.21) 0.199
Carbohydrate, % energy 54.02 (48.78-59.61) 53.49 (47.70-59.78) 0.698
Fat 52.74 (39.29-70.83) 55.14 (40.95-76.55) 0.255
Fat, % energy 33.42 (28.31-37.79) 33.45 (28.08-38.43) 0.979
Cholesterol (mg) 139.50 (83.75-229.25) 149.00 (99.00-236.00) 0.458
Fiber (g) 11.00 (7.58-15.30) 10.20 (7.40-14.70) 0.423
Folate (g) 254.50 (182.00-366.00) 275.00 (189.00-373.00) 0.089
Vitamin B12 (j.g) 3.42 (2.17-5.01) 3.97 (2.66-5.80) 0.110
Vitamin B6 (mg) 1.31(0.92-1.78) 1.41 (1.03-1.90) 0.089
Thiamin (Vitamin B1) (mg) 1.17 (0.86-1.56) 1.23 (0.87-1.69) 0.119
Riboflavin (Vitamin B2) (mg) 1.52 (1.09-2.01) 1.58 (1.20-2.24) 0.103
Vitamin B3 (mg) 15.20 (10.71-20.10) 11.49 (11.49-21.98) 0.060
Choline (g) 188.35 (134.00-259.35) 201.70 (142.80-272.50) 0.408
Calcium (mg) 824.00 (548.00-1,156.25) 876.00 (566.00-1,272.00) 0.100
Phosphorous (mg) 987.00 (748.00-1131.00) 1,028.00 (755.00-1,369.00) 0.154
Magnesium (mg) 186.00 (144.00-244.00) 187.00 (144.00-246.00) 0.373
Iron (mg) 9.78 (7.00-13.85) 10.63 (7.36-14.72) 0.171
Vitamin A (RE) 458.00 (286.75-694.00) 509.00 (320.00-723.00) 0.265
Vitamin C (mg) 62.00 (28.20-109.13) 71.80 (32.30-117.90) 0.378
Vitamin D (ng) 4.70 (2.60-7.40) 5.30 (3.00-8.00) 0.328
Vitamin E (mg) 5.11 (3.46-7.44) 4.61(3.13-7.25) 0.553
Vitamin K (g) 38.20 (24.38-60.95) 33.10 (20.20-54.00) 0.242
Zinc (mg) 7.07 (4.97-9.66) 7.72 (6.51-11.12) 0.015
Sodium (mg) 2,068.50 (1,549.00-2,741.00) 2,330.00 (1,680.00-3,083.00) 0.126
Potassium (mg) 1,832.00 (1,380.50-2,416.00) 1,910.00 (1,440.00-2,403.00) 0.304
Selenium () 67.00 (47.48-89.35) 69.50 (50.70-96.50) 0.259
Theobromine(g) 6.00 (0-46.00) 3.00 (0-55.00) 0.706
Caffeine (mg) 1.00 (0-6.00) 1.00 (0-7.00) 0.532

the raw/non-log transformed data. For statistical description, the
X=+S was used for normal continuous variables, the Q (P;s-
P75) was used for non-normal continuous variables, and n (%)
was used for discrete data. For univariate analysis, the t-test
was performed for normal continuous variables, rank sum test
was performed for no-normal continuous variables, and chi-
square test was performed for discrete variables. A p-value < 0.05
(two-tailed) was considered to be statistically significant.

The “glmnet” package was used to fit the logistic Lasso
regression. Asthma was included in the logistic LASSO regression
as the dependent variable Y, coded 0 represents children without
asthma, 1 represents children without asthma. We included
31 dietary variables as continuous variables into the model.
In addition, five demographic variables (including gender, age,
household smoker, ethnicity, and BMI) were also included in
the logistic Lasso model. Ten-fold cross-validation was used to
select the penalty term lambda (1). Binomial deviation was used
to measure the prediction performance of the fitting model. The
built-in function in R produces two automatic 1’s, and we chose

lambda.lse (the largest A within one standard error range of
the minimal binomial deviation) because it results in a stricter
penalty and a smaller covariable number than lambda.min (A
with the minimal binomial deviation). In our study, lambda.min
was 0.0079 and lambda.1se was 0.0265 (Figure 2).

RESULTS

Demographic Characteristics

There was significant difference in ethnicity between children
with and without asthma (p < 0.05). There was no significant
difference in gender, age, household smoker, and BMI between
children with and without asthma (p > 0.05). The demographic
characteristics of the study population are shown in Table 1.

Dietary Intake

The dietary intake of children with and without asthma is shown
in Table 2. Univariate analysis showed significant difference in
dietary zinc intake between children with asthma and children
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FIGURE 3 | Plots for Lasso regression coefficients.

without asthma [7.72 (5.51-11.12) vs. 7.07 (4.97-9.66); p =
0.015]. There was no significant difference in other dietary
variables between children with and without asthma (p > 0.05).

Lasso Regression Analysis

Figure 3 and Table 3 show the coeflicient of variables in Lasso
regression at A = 0.0265. After adjusting for all dietary and
demographic variables, the results of logistic Lasso regression
analysis showed that non-Hispanic black (8 = 0.65), vitamin B12
(B =0.14), and sodium (8 = 0.05) were positively associated with
childhood asthma, while vitamin K (8 = —0.04) was negatively
associated with childhood asthma.

DISCUSSION

To our knowledge, this is the first study to assess the relationship
between multitude of dietary variables and the risk of asthma
using the powerful Lasso shrinkage technique. The logistic Lasso
model is a regression-based shrinkage method that can actively
select a set of more relevant and interpretable predictors from
a large, potentially multicollinear set of variables regression
(16). In this method, continuous shrinkage operation is used
to reduce the sum of the absolute values of the regression
coefficients to reduce the possibility of over fitting. As shrinkage
increases, some coeflicients even reach 0, thus automatically
removing unnecessary/non-influential covariates and leaving

non-zero variables in the model. To date, most studies of the
relationship between diet and disease have used traditional
statistical techniques. Since traditional regression techniques
are limited in analyzing and synthesizing a large number of
covariables (including multicollinearity variables), only a few
dietary variables can be included or only dietary patterns can be
analyzed. With the availability of large amounts of dietary and
health data, combined with advanced statistical techniques, we
have a new opportunity to elucidate novel associations, patterns,
and clusters not previously observed with traditional statistical
methods, which may contribute to and provide a more robust
understanding of the role of diet in childhood asthma.

We used data from a large national nutrition survey
combined with a robust Lasso regression technique to minimize
multicollinearity between dietary variables and obtain the true
associations between dietary intake and asthma in preschool
children. Results from our initial univariate analysis suggest
that ethnicity and dietary zinc are associated with childhood
asthma. The results of the ultimate Lasso regression analysis
showed that non-Hispanic black children had a higher risk
of asthma. In addition, dietary vitamin B12 and sodium were
positively associated with childhood asthma, while vitamin K was
negatively associated with childhood asthma.

Many studies have analyzed the association between
childhood asthma and ethnicity. Overall, studies showed that
non-Hispanic children were at greater risk for asthma than
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TABLE 3 | The estimated coefficients for logistic Lasso regression.

Variables Coefficients

Demographic variable
Gender

Age (years)

Mexican American
Other Hispanic
Non-Hispanic White
Non-Hispanic Black 0
Other race
Household smoker
BMI

Dietary variables

Energy (Kcal)
Carbohydrate, % energy
Protein, % energy

Fat, % energy
Cholesterol (mg)

Fiber (g)

Folate (ng)

Vitamin B12 (L)

Vitamin B6 (mg)

Thiamin (Vitamin B1) (mg)
Riboflavin (Vitamin B2) (mg)
Vitamin B3(mg)

4 O O O 0o O o o

o

Choline (ng)
Calcium (mg)
Phosphorous (mg)
Magnesium (mg)
Iron (mg)
Vitamin A (RE)
Vitamin C (mg)
Vitamin D (ng)
Vitamin E (mg)

(

© 0O 0o oo o0 oo o oo oo

o
=

Vitamin K (1)

Zinc (mg)

o

o o oo oo o
&

Sodium (mg)
Potassium (mg)
Selenium (g)
Alcohol (g)
Theobromine(g)
Caffeine (mg)

Hispanic children (17-19). Phuong et al. (20) further divided
non-Hispanic into non-Hispanic white and non-Hispanic black
in a larger cross-sectional study and found that non-Hispanic
black was associated with an increased risk of childhood asthma.
Corinne et al. (21) also showed that non-Hispanic black was
an independent risk factor for childhood asthma and the
increased risk of asthma in non-Hispanic black children may
be associated with economic status. Our findings are consistent
with previous studies.

Dietary sodium was considered to increase the risk of asthma.
Morbidity and mortality of asthma were observed to be higher
in communities with more Westernized lifestyles (typically
with higher dietary sodium intake) and among migrants from
underdeveloped rural to Westernized urban areas (22, 23).
Epidemiological studies have found that children are at greater
risk for sodium-related asthma because age is an important factor
in determining sodium sensitivity (24). Our study confirmed
that dietary sodium increases the risk of asthma in children. In
addition, intervention studies have also shown that a low-sodium
diet is associated with reduced asthma severity (24).

Our study also found a positive association between dietary
vitamin B12 and childhood asthma, which is inconsistent with
the findings of current epidemiological studies (25, 26). However,
it is theorized that vitamin B12 may influence asthma risk by
affecting DNA methylation. DNA methylation is an epigenetic
regulation that may influence the pathogenesis of asthma by
increasing or decreasing the expression level of susceptibility
genes (27). Most methyl donors for DNA methylation in humans
derived from methyl groups in the diet (including and vitamin
B12). In a mouse model, the severity of allergic airway disease
(AAD) was increased in the F1 (offspring) and F2 generations of
maternal rats whose diets were rich in methyl donors (including
folic acid, vitamin B12, and choline) (28). Based on previous
animal and clinical studies, choline’s effects are more likely
to reduce (rather than increase) airway inflammation (29-31).
Therefore, folic acid and vitamin B12 are highly likely to increase
the risk of AAD. The true association between vitamin B12
and asthma is uncertain because there is no animal model
for the effects of vitamin B12 or folic acid on experimental
asthma (AAD).

In recent years, the role of fat-soluble vitamins (D, E, K, and
A) in asthma has attracted extensive attention. Several studies
(32, 33) have analyzed the role of vitamins A, D, and E in
asthma, but there is little evidence of the role of vitamin K in
asthma. Our study found that dietary vitamin K was associated
with a reduced risk of asthma in children. The protective effect
of vitamin K on asthma may depend on vitamin K-dependent
protein (VKdP). VKdPs are a group of proteins that require
vitamin K to conduct carboxylation. Low vitamin K intake may
lead to a decrease in the carboxylation of VKdPs (34, 35). At
present, a total of 17 VKdPs have been identified in the human
body, and these VKdPs play an important role in a variety of
diseases, among which periosteal and Gas6 have been found
to be beneficial to asthma patients (36, 37). The periosteal can
increase the adhesion of eosinophils to fibronectin, activate TGE-
B-mediated (transforming growth factor-p-mediated) fibroblasts
to increase the generation of type I collagen, and participate in the
process of sub epithelial fibrosis through its fibrogenic function,
promoting airway remodeling in asthma (38-41). Gas6 is an
effective modulator of lung remodeling responses because of its
direct effect on various cellular components of airways and blood
vessels (37). In addition, vitamin K’s powerful ability to inhibit
the release of inflammatory cytokines may also be beneficial for
asthma (42). Our study found that other fat-soluble vitamins (D,
E, and A) are not significantly associated with asthma, which may
be related to the collinearity between nutrients.
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The advantages of our study included the following: (1)
NHANES database has collected a large number of national
samples, which has sufficient research efficiency and extensibility;
(2) NHANES oversampled different racial groups, such as
Hispanics and African-Americans, which could compensate for
the underrepresentation of groups in previous studies on diet
and asthma; (3) modern statistical techniques were applied to our
study to solve the problem of collinearity between micronutrients
and macronutrients. There are some limitations to our study: (1)
this is a case-control study with self-reported diet and asthma
data; (2) patients may have changed their diet after diagnosis,
which may have influenced the results; (3) the number of asthma-
related variables included in our study remains small.

CONCLUSION

In conclusion, our study confirms that non-Hispanic black and
dietary sodium intake are associated with a higher risk of asthma
in preschoolers. In addition, our study found that dietary vitamin
B12 was positively associated with childhood asthma, while
vitamin K was negatively associated with childhood asthma.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found at: https://www.cdc.gov/nchs/nhanes/index.html.

REFERENCES

1. Kim K, Choi JS, Choi E, Nieman CL, Joo JH, Lin FR, et al. Effects of
community-based health worker interventions to improve chronic disease
management and care among vulnerable populations: a systematic review. Am
J Public Health. (2016) 106:¢3-28. doi: 10.2105/AJPH.2015.302987

2. NCIH Statistics, Summary Health Statistics: National Health Interview Survey
2017. (2018). Available online at: https://ftp.cdc.gov/pub/Health_Statistics/
NCHS/NHIS/SHS/2017_SHS_Table_C- 1.pdf (accessed March 2, 2021).

3. Zahran HS, Bailey CM, Damon SA, Garbe PL, Breysse PN. Vital signs:
asthma in children—United States 2001-2016. Morb Mortal Wkly Rep. (2018)
67:149-55. doi: 10.15585/mmwr.mm6705el

4. Broms K, Norbick D, Eriksson M, Sundelin C, Svirdsudd K. Prevalence
and co-occurrence of parentally reported possible asthma and allergic
manifestations in pre-school children. BMC Public Health. (2013) 13:764.
doi: 10.1186/1471-2458-13-764

5. Hicke-Roberts A, Aberg N, Wennergren G, Hesselmar B. Allergic
rhinoconjunctivitis continued to increase in Swedish children up to 2007, but
asthma and eczema levelled off from 1991. Acta paediatr. (2017) 106:75-80.
doi: 10.1111/apa.13433

6. Ferreira-Magalhaes M, Pereira AM, Sa-Sousa A, Morais-Almeida M, Azevedo
I, Azevedo LE et al. Asthma control in children is associated with nasal
symptoms, obesity, and health insurance: a nationwide survey. Pediatr Allergy
Immunol. (2015) 26:466-73. doi: 10.1111/pai.12395

7. Pijnenburg MW, Fleming L. Advances in understanding and reducing the
burden of severe asthma in children. Lancet Respir Med. (2020) 8:1032-44.
doi: 10.1016/52213-2600(20)30399-4

8. Butler A, Van Lieshout R], Lipman EL, MacMillan HL, Gonzalez A. Mental
disorder in children with physical conditions: a pilot study. BMJ Open. (2018)
8:¢019011. doi: 10.1136/bmjopen-2017-019011

9. Hammer-Helmich L, Linneberg A, Obel C, Thomsen SE Tang Mollehave
L, Glimer C, et al. Mental health associations with eczema, asthma and

ETHICS STATEMENT

Ethical approval was not provided for this study on human
participants because we used data from NHANES database.
Since NHANES is a publicly available dataset, the current
study is exempt from approval by an Institutional Review
Board. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next
of kin.

AUTHOR CONTRIBUTIONS

HW and YQ conceptualized
drafted the initial manuscript,
the manuscript. YQ, CP, and SG collected data, carried
out the initial analyses, and reviewed and revised the
manuscript. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of
the work.

and designed the study,
and reviewed and revised

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2022.870529/full#supplementary-material

hay fever in children: a cross-sectional survey. BMJ Open. (2016) 6:e012637.
doi: 10.1136/bmjopen-2016-012637

10. Sztein DM, Lane WG. Examination of the comorbidity of mental illness
and somatic conditions in hospitalized children in the United States
using the kids' inpatient database, 2009. Hosp Pediatr. (2016) 6:126-34.
doi: 10.1542/hpeds.2015-0117

11. Ferro MA, Van Lieshout R]J, Scott JG, Alati R, Mamun AA, Dingle K, et al.
Condition-specific associations of symptoms of depression and anxiety in
adolescents and young adults with asthma and food allergy. ] Asthma. (2016)
53:282-8. doi: 10.3109/02770903.2015.1104694

12. Castillo JR, Peters SP, Busse WW. Asthma exacerbations: pathogenesis,
prevention, and treatment. J Allergy Clin Immunol. (2017) 5:918-27.
doi: 10.1016/j.jaip.2017.05.001

13. Riverin BD, Maguire JL, Li P. Vitamin D supplementation for childhood
asthma: a systematic review and meta-analysis. PLoS ONE. (2015)
10:¢0136841. doi: 10.1371/journal.pone.0136841

14. Di Genova L, Penta L, Biscarini A, Di Cara G, Esposito S. Children with
obesity and asthma: which are the best options for their management?
Nutrients. (2018) 10:1634. doi: 10.3390/nul0111634

15. Lin Q, Zhao Z, Liu JS. Sparse sliced inverse regression via LASSO.
J Am Stat Assoc. (2019) 114:1726-39. doi: 10.1080/01621459.
2018.1520115

16. LiZ, Sillanpad M]J. Overview of LASSO-related penalized regression methods
for quantitative trait mapping and genomic selection. Theor Appl Genet.
(2012) 125:419-35. doi: 10.1007/s00122-012-1892-9

17. Urquhart A, Clarke P. US racial/ethnic disparities in childhood asthma
emergent health care use: national health interview survey, 2013-2015. J
Asthma. (2020) 57:510-20. doi: 10.1080/02770903.2019.1590588

18. Sullivan PW, Ghushchyan V, Navaratnam P, Friedman HS, Kavati A, Ortiz B.
et al. Exploring factors associated with health disparities in asthma and poorly
controlled asthma among school-aged children in the US. J Asthma. (2020)
57:271-85. doi: 10.1080/02770903.2019.1571080

Frontiers in Pediatrics | www.frontiersin.org

June 2022 | Volume 10 | Article 870529


https://www.cdc.gov/nchs/nhanes/index.html
https://www.frontiersin.org/articles/10.3389/fped.2022.870529/full#supplementary-material
https://doi.org/10.2105/AJPH.2015.302987
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2017_SHS_Table_C-1.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/NHIS/SHS/2017_SHS_Table_C-1.pdf
https://doi.org/10.15585/mmwr.mm6705e1
https://doi.org/10.1186/1471-2458-13-764
https://doi.org/10.1111/apa.13433
https://doi.org/10.1111/pai.12395
https://doi.org/10.1016/S2213-2600(20)30399-4
https://doi.org/10.1136/bmjopen-2017-019011
https://doi.org/10.1136/bmjopen-2016-012637
https://doi.org/10.1542/hpeds.2015-0117
https://doi.org/10.3109/02770903.2015.1104694
https://doi.org/10.1016/j.jaip.2017.05.001
https://doi.org/10.1371/journal.pone.0136841
https://doi.org/10.3390/nu10111634
https://doi.org/10.1080/01621459.2018.1520115
https://doi.org/10.1007/s00122-012-1892-9
https://doi.org/10.1080/02770903.2019.1590588
https://doi.org/10.1080/02770903.2019.1571080
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Qu et al.

Dietary Intake and Asthma

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Biagini Myers JM, Schauberger E, He H, Martin LJ, Kroner J, Hill
GM, et al. A pediatric asthma risk score to better predict asthma
development in young children. J Allergy Clinl Immunol. (2019) 143:1803-
10.€2. doi: 10.1016/j.jaci.2018.09.037

Vo P, Bair-Merritt M, Camargo Jr CA, Eisenberg S, Long W. Individual
factors, neighborhood social context and asthma at age 5 years. ] Asthma.
(2017) 54:265-72. doi: 10.1080/02770903.2016.1216563

Keet CA, Matsui EC, McCormack MC, Peng RD. Urban residence,
neighborhood poverty, race/ethnicity, and asthma morbidity among
children on medicaid. J Allergy Clin Immunol. (2017) 140:822-7.
doi: 10.1016/j.jaci.2017.01.036

Waite DA, Eyles EF, Tonkin SL, O’Donnell TV. Asthma prevalence in
Tokelauan children in two environments. Clin Allergy. (1980) 10:71-5.
doi: 10.1111/j.1365-2222.1980.tb02082.x

Van Niekerk CH, Weinberg EG, Shore SC, Heese HV, Van Schalkwyk J.
Prevalence of asthma: a comparative study of urban and rural Xhosa children.
Clin Allergy. (1979) 9:319-4. doi: 10.1111/§.1365-2222.1979.tb02489.x
Mickleborough  TD. Salt intake, asthma, and exercise-induced
bronchoconstriction: a review. Phys Sportsmed. (2010) 38:118-31.
doi: 10.3810/psm.2010.04.1769

van der Valk RJ. Kiefte-de Jong JC, Sonnenschein-van der Voort AM, Duijts L,
Hafkamp-de Groen E, Moll HA, et al. Neonatal folate, homocysteine, vitamin
B12 levels and methylenetetrahydrofolate reductase variants in childhood
asthma and eczema. Allergy. (2013) 68:788-95. doi: 10.1111/all.12146

Skaaby T, Taylor AE, Jacobsen RK, Mollehave LT, Friedrich N, Thuesen
BH, et al. Associations of genetic determinants of serum vitamin B12 and
folate concentrations with hay fever and asthma: a Mendelian randomization.
Meta-Analysis. (2018) 72:264-71. doi: 10.1038/s41430-017-0037-2

Miller RL, Ho SM. Environmental epigenetics and asthma: current concepts
and call for studies. Am ] Respir Crit Care Med. (2008) 177:567-73.
doi: 10.1164/rccm.200710-1511PP

Hollingsworth JW, Maruoka S, Boon K, Garantziotis S, Li Z, Tomfohr J, et al.
In utero supplementation with methyl donors enhances allergic airway disease
in mice. J Clin Invest. (2016) 126:2012. doi: 10.1172/JCI87742

Mehta AK, Arora N, Gaur SN, Singh BP. Choline supplementation reduces
oxidative stress in mouse model of allergic airway disease. Eur J Clin Invest.
(2009) 39:934-41. doi: 10.1111/j.1365-2362.2009.02190.x

Mehta AK, Singh BP, Arora N, Gaur SN. Choline attenuates
immune inflammation and suppresses oxidative stress in patients
with asthma. Immunobiology. (2010) 215:527-34. doi: 10.1016/
j.imbi0.2009.09.004

Detopoulou P, Panagiotakos DB, Antonopoulou S, Pitsavos C, Stefanadis
C. Dietary choline and betaine intakes in relation to concentrations of
inflammatory markers in healthy adults: the ATTICA study. Am ] Clin Nutr.
(2008) 87:424-30. doi: 10.1093/ajcn/87.2.424

Parr CL, Magnus MC, Karlstad @, Holvik K, Lund-Blix NA, Haugen M, et al.
Vitamin A and D intake in pregnancy, infant supplementation, and asthma
development: the Norwegian mother and child cohort. Am J Clin Nutr. (2018)
107:789-98. doi: 10.1093/ajcn/nqy016

33. Wood LG. Diet, obesity, and asthma. Ann Am Thorac Soc. (2017) 14:5332-8.
doi: 10.1513/AnnalsATS.201702-124AW

34. Fusaro M, Plebani M, Iervasi G, Gallieni M. Vitamin K deficiency in
chronic kidney disease: evidence is building up. Am J Nephrol. (2017) 45:1-3.
doi: 10.1159/000451070

35. Kaesler N, Magdeleyns E, Herfs M, Schettgen T, Brandenburg V, Fliser D,
et al. Impaired vitamin K recycling in uremia is rescued by vitamin K
supplementation. Kidney Int. (2014) 86:286-93. doi: 10.1038/ki.2013.530

36. Shibata T, Ismailoglu UB, Kittan NA, Moreira AP, Coelho AL, Chupp GL,
et al. Role of growth arrest-specific gene 6 in the development of fungal
allergic airway disease in mice. Am ] Respir Cell Mol Biol. (2014) 51:615-25.
doi: 10.1165/rcmb.2014-00490C

37. Xiao H, Chen ], Duan L, Li S. Role of emerging vitamin K-dependent proteins:
growth arrest-specific protein 6, gla-rich protein and periostin (review). Int |
Mol Med. (2021) doi: 10.3892/ijmm.2020.4835

38. Li W, Gao P, Zhi Y, Xu W, Wu Y, Yin J, et al. Periostin: its role in asthma
and its potential as a diagnostic or therapeutic target. Respir Res. (2015) 16:57.
doi: 10.1186/512931-015-0218-2

39. Johansson MW, Annis DS, Mosher DF. a(M)B(2) integrin-mediated adhesion
and motility of IL-5-stimulated eosinophils on periostin. Am J Respir Cell Mol
Biol. (2013) 48:503-10. doi: 10.1165/rcmb.2012-01500C

40. Sidhu SS, Yuan S, Innes AL, Kerr S, Woodruff PG, Hou L, et al. Roles of
epithelial cell-derived periostin in TGF-beta activation, collagen production,
and collagen gel elasticity in asthma. Proc Natl Acad Sci U S A. (2010)
107:14170-5. doi: 10.1073/pnas.1009426107

41. Ahlfeld SK, Gao Y, Wang J, Horgusluoglu E, Bolanis E, Clapp DW, et al.
Periostin downregulation is an early marker of inhibited neonatal murine lung
alveolar septation. Birth Defects Res A Clin Mol Teratol. (2013) 97:373-85.
doi: 10.1002/bdra.23149

42. Litonjua AA. Fat-soluble vitamins and atopic disease: what is the evidence?
Proc Nutr Soc. (2012) 71:67-74. doi: 10.1017/S002966511100334X

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.

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.

Copyright © 2022 Qu, Pan, Guo and Wu. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

June 2022 | Volume 10 | Article 870529


https://doi.org/10.1016/j.jaci.2018.09.037
https://doi.org/10.1080/02770903.2016.1216563
https://doi.org/10.1016/j.jaci.2017.01.036
https://doi.org/10.1111/j.1365-2222.1980.tb02082.x
https://doi.org/10.1111/j.1365-2222.1979.tb02489.x
https://doi.org/10.3810/psm.2010.04.1769
https://doi.org/10.1111/all.12146
https://doi.org/10.1038/s41430-017-0037-2
https://doi.org/10.1164/rccm.200710-1511PP
https://doi.org/10.1172/JCI87742
https://doi.org/10.1111/j.1365-2362.2009.02190.x
https://doi.org/10.1016/j.imbio.2009.09.004
https://doi.org/10.1093/ajcn/87.2.424
https://doi.org/10.1093/ajcn/nqy016
https://doi.org/10.1513/AnnalsATS.201702-124AW
https://doi.org/10.1159/000451070
https://doi.org/10.1038/ki.2013.530
https://doi.org/10.1165/rcmb.2014-0049OC
https://doi.org/10.3892/ijmm.2020.4835
https://doi.org/10.1186/s12931-015-0218-2
https://doi.org/10.1165/rcmb.2012-0150OC
https://doi.org/10.1073/pnas.1009426107
https://doi.org/10.1002/bdra.23149
https://doi.org/10.1017/S002966511100334X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Dietary Intake and Asthma in Preschoolers: A Logistic Lasso Regression Analysis
	Introduction
	Methods
	Study Design
	Information of Asthma
	Dietary Intake
	Other Measures
	Statistical Analysis

	Results
	Demographic Characteristics
	Dietary Intake
	Lasso Regression Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


