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on tobacco smoke exposure and asthma
in children and adolescents: a cross-sectional
study from the NHANES database
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Abstract

Background Asthma is a common non-communicable disease in children, and airway inflammation is the main
pathological change of asthma. Tobacco smoke exposure (TSE) can cause systematic inflammation and oxidative
stress, which may further aggravate the progression of asthma. Dietary antioxidants can relieve the inflammation
and oxidative stress in human body. This study aims to assess the effect of overall antioxidant capacity of dietary
intake, evaluating by dietary antioxidant quality score (DAQS), in the association between TSE and childhood asthma.

Methods Data of this cross-sectional study were extracted from the National Health and Nutrition Examination
Surveys (NHANES) 2007-2018. DAQS was calculated based on the daily dietary intake of selenium, zinc, magnesium,
vitamin A, C and E. TSE was measured by serum cotinine concentration. The weighted univariate and multivariate
logistic regression models were employed to evaluate the role of DAQS in the association between TSE and asthma
among children and adolescents. Subgroup analysis was conducted to further evaluate the association based

on gender.

Results Totally 11,026 children and adolescents were included, of whom 1,244 (11.28%) had asthma. After adjusted
all covariates, TSE was associated with the high odds of childhood asthma (OR=1.26, 95%Cl=1.05-1.52). Among
children exposed to tobacco smoke, those with higher DAQS level (OR=1.15, 95%Cl: 0.88-1.50) had a reduced

risk of asthma compared with those children with lower DAQS level (OR=1.43, 1.08-1.89), especially among girls
(OR=1.42,95%Cl: 0.93-2.17).

Conclusion High DAQS may have a moderating effect on asthma in children; that is, the higher DAQS, the lower

the odds of asthma in children who exposed to tobacco smoke. Our study provides a reference for developing more
targeted strategies for prevention and treatment of asthma in children.
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majority of children with asthma can be controlled with
inhaled corticosteroids, a part of children may experience
frequent and severe asthma attacks which will lead to
deterioration of lung function [3]. Control of asthma in
children is becoming a major challenge in primary health
care.

The most important pathological change in asthma is
chronic inflammation of the airways and clinical stud-
ies have shown that airway inflammation occurred even
in mild asthma [4]. Environment exposure and dietary
intake are two modifiable factors affecting airway inflam-
mation and asthma [5-8]. Tobacco smoke exposure
(TSE), a major source of indoor air pollution, has been
shown to directly cause airway inflammation and is asso-
ciated to poorer asthma control [9]. Cotinine, as a direct
metabolite of nicotine, is a specific and sensitive marker
of TSE [10]. Clinical studies suggested that high serum
cotinine concentrations are independently related to the
high risk of asthma in children [11]. Moreover, dietary
antioxidants play an anti-inflammatory role by partici-
pating in oxidative stress and clearing oxidative free radi-
cals, thereby reducing the risk of asthma [12, 13]. It is
thought that evaluating the overall antioxidant quality of
an individual’s diet rather than a single antioxidant die-
tary factor might provide a more comprehensive picture
of the relationship between dietary antioxidants health
outcome [14]. Hence, dietary antioxidant quality score
(DAQS) is proposed, which represents the overall dietary
antioxidant capacity by adding the common dietary anti-
oxidant: vitamin A, C, E, magnesium (Mg), zinc (Zn) and
selenium (Se) [15]. Luu et al. [16] reported a significant
inverse correlation between DAQS and the levels of oxi-
dative stress and inflammatory markers in vivo. Mendes
et al. [17] found the quality of diet might affect the rela-
tionship between indoor air pollution and asthma in chil-
dren. Compared to the anti-inflammatory diet, children
exposed to particulate matter 2.5/10 and with the inflam-
matory diet have a high risk of asthma.

Based on the above studies about relationships
between dietary antioxidants, environmental exposure
and asthma, we hypothesized that high DAQS may have
a protective effect on the risk of asthma in children who
exposed to tobacco smoke. Herein, the study was to
explore the effect of DAQS on TSE and asthma in the
general U.S. children and adolescents.

Methods

Study design and population

Data of this cross-sectional study were extracted from
the National Health and Nutrition Examination Sur-
vey (NHANES) 2007-2018. NAHNES is a major pro-
ject conducted by National Center for Health Statistics
(NCHS), a part of CDC and aimed to evaluate the
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health and nutrient status of noninstitutionalized U.S.
population [18]. This survey uses complex, multistage,
probability sampling methods based on broad popula-
tion distribution. NHANES protocols are approved by
the NCHS Ethics Board of the US CDC. All individuals
provided written informed consent during the survey.
According to the Ethics Review Board of First Hospital
Affiliated to Fujian Medical University Hospital, cross-
sectional studies have been exempted from the ethical
review.

The included criteria were: (1) participants aged
1-17 years old; (2) participants with complete dietary
intake information; (3) participants with the serum coti-
nine measurement. The excluded criteria were: (1) miss-
ing body mass index (BMI) data; (2) missing the asthma
assessment information.

DAQS assessment

In this study, dietary intake information was obtained
through two days 24-h dietary recall interviews. The first
24-h dietary recall interview was administered during the
examination at the mobile examination center (MEC). In
this interview, all foods and nutritional supplements con-
sumed in the 24-h prior to the interview, the quality of
food reported, and a detailed description of the food. The
second 24-h interview was administered by telephone
3—4 day after the MEC exam [19]. The dietary intake was
calculated as the total intake of dietary and nutritional
supplements.

DAQS was obtained from some vitamins and minerals
that have antioxidant function including vitamin A, C, E,
zinc, Mg and selenium [20]. We compared each above six
vitamins or minerals to their recommended daily intake
(RDI) for US adults 2015-2020_Dietary_Guidelines.
pdf (health.gov). Each of the vitamins or minerals was
assessed and then we allocated a value of 0 or 1, respect-
ably. When the intake was lower than 2/3 of the RD], it
was assigned a value of 0. Similarity, when the vitamins or
minerals was higher than 2/3 of the RD], it was assigned
a value of 1. Finally, the total DAQS ranged from 0 (poor
quality) to 6 (high quality). In present study, the DAQS
was then classified into the two groups by media level of
population included in our study: <5 (low quality) and >5
(high quality).

TSE assessment

Serum cotinine is a primary nicotine metabolite and its
short-term level was used as a marker of active smoking
and as an indicator of exposure to secondhand smoke
[21]. Isotope dilution high-performance liquid chroma-
tography and atmospheric pressure chemical ionization
tandem mass spectrometry were used to measure the
serum cotinine levels. This assay has good accuracy, with



Lin et al. BMC Pediatrics (2024) 24:535

mean values within 9% of theoretical values at all levels
expect the lower limit of quantification, where it was
within 14% of the theoretical values. All samples were
analyzed at the Division of Laboratory Sciences, National
Center for Environmental Health, Centers for Disease
Control and Prevention in Atlanta, Georgia. In present
study, serum cotinine levels >0.05 ng/mL were consid-
ered as TSE, and <0.05 ng/mL were considered as non-
TSE [22].

Definition of current asthma

Current asthma was defined using self-reported ques-
tionnaire responses. Participants were defined to have
asthma if they answered the question “Has a doctor or
other health professional ever told you that you have
asthma?” positivity. For asthma patients, the following
question were asked for further analysis: (1) “During the
past 12 months, have you had an episode of asthma or
an asthma attack?” (2) “During the past 12 months, have
you had to visit an emergency room or urgent care center
because of asthma?” If participants answered the ques-
tion “don’t know’, s/he was not considered as current
asthma patient and was excluded from this study [23].
For children aged 1-6 years, all of these questions were
answered by their guardians; subjects aged 7-11 years
old were accompanied by their guardian to assist in
responding, while subjects aged 12-17 years old were
responded by themselves.

Potential covariates

Demographic information, physical information, labora-
tory values and dietary intake were extracted from the
NHANES database. Age was divided into three groups:
1-5 years old, 6-11 years old and 12-17 years old. Physi-
cal activity levels of children aged 2—11 years old were
assessed by the question “During the past 7 days, on how
many days was physical active for a total of least 60 min
per day?” Then, add up all the time spent in any kind of
physical activity that increased him/her heart rate and
made him/her breathe hard some of the time. For adoles-
cent aged 12—17 years old, physical activity was expressed
as the metabolic equivalent task (MET) and calculate as
follows: physical activity (met-min) =recommended MET
x exercise time for corresponding activities (min/day) x
the number of exercise days per week day (day) [24]. Ideal
physical activity was defined as>180 met-min/day for
12-17 years old or>60 met-min/in/day for 2—11 years
old. Sedentary time for children aged 2-11 years old
was the sum of time spent watching television or vid-
eos and using computer per day; while sedentary time
for adolescent aged 12—-17 years old, sedentary time was
assessed by the NHANES through the individual’s daily
hours of television, video, or computer use according to
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the in-person interview data and was divided into three
categories: <3, 3—-6 h, and >6 h [25]. Hay fever and fam-
ily history of asthma were assessed by medical conditions
questionnaire. Hay fever was assessed by the question
“During the past 12 months, have you had an episode
of hay fever?” (yes/no). Family history of asthma was
assessed by the question “Including living and deceased,
were any of your close biological that is, blood relatives
including father, mother, sisters or brothers, ever told by
a health professional that they had asthma?” (yes/no).
BMI was converted to a BMI Z-score accounting for age
and gender using recommended CDC percentiles. A BMI
Z-score of>85th percentile and <95th percentile indi-
cates overweight status, and a BMI Z-score of >95th per-
centile indicates obesity [26]. Smoking during pregnancy
was assessed by the question “Did (participant’s name)
biological mother smoke at any time while she was preg-
nant with him/her?” (yes/no).

Statistical analysis

Continuous data were expressed as mean and standard
error (S.E.), and the weighted t-test was used for com-
parison between groups. Categorical variables were
described as the number and percentage [N (%)], and
comparisons between groups used the weighted Rao-
Scott x* test. The weighted univariate and multivari-
ate logistic regression models were used to utilized to
explore the association between the role of DAQS in the
association between TSE and asthma among children,
with odds ratios (ORs) and 95% confidence intervals
(CIs). Model 1 was a crude model without adjusting any
covariates. Model 2 adjusted age, gender, family history
of asthma, energy and BMI. Subgroup analysis were con-
ducted to further explore the association based on gen-
der. All statistical analyzes were performed using R v 4.20
(R Foundation for Statistical Computing, Vienna, Aus-
tria) and SAS v 9.4 (SAS Institute, Cary, North Carolina)
software. Two-sided P-value <0.05 was considered statis-
tically significant.

Results

Characteristics of study children

The flow chart of population screening was shown in
Fig. 1. Totally, 31,321 children were screened. Among
them, 11,583 subjects missing serum cotinine measure-
ment data, 3,211 subjects missing dietary two-day intake
information, 4 subjects missing DAQS calculation infor-
mation, 87 subjects missing BMI data, and 5,410 subjects
missing asthma diagnosis information were excluded.
Table 1 shown the characteristics of the study popula-
tion. Totally 11,026 eligible children were included, of
whom, 1,244 (11.28%) had asthma. The proportion of
higher DAQS in children and adolescents with asthma
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Fig. 1 The flow chart of population screening

was lower than in non-asthma group (58.97% vs. 62.98%).
Children and adolescents with asthma had higher rates
of exposure to tobacco than those non-asthma (47.35 vs.
39.21). Difference was found in age, the level of energy
intake, sedentary time and BMI, and the history of family
asthma and hay fevers between two groups (all P<0.05).

Association between DAQS and TSE with current asthma
We explored two weighted logical regression models
to explore the association of DAQS and TSE with cur-
rent asthma in children and adolescents, as presented
in Table 2. After adjusted age, gender, family history
of asthma, energy and BMI, TSE was associated with
the high odds of asthma in children (OR=1.26, 95%Cl:
1.05-1.52, P=0.015). However, no significant association
was found in DAQS and asthma in our study population
(P>0.05).

Effect of DAQS on the association between TSE and current
asthma

The effect of DAQS on the association between TSE and
current asthma in children and adolescents was shown
in Table 3. In low quality of DAQS group, children and
adolescents who exposed to tobacco smoke had a high
odds of asthma (OR=1.43, 95%CI: 1.08-1.89, P=0.013).
While in high quality of DAQS group, no significant
effect of ADQS on the association between TSE and
current asthma was observed (P>0.05). Taken together,
high quality of DAQS may has a moderating effect on

the association between TSE and asthma in children and
adolescents.

Moderating effect of DAQS on the association between TSE
and current asthma in children and adolescents based

on gender

To further explore the moderating effect of DAQS on
the TSE and current asthma in children and adolescents,
subgroup analysis based on gender was conducted, as
presented in Fig. 2. After adjusted age, gender, family
history of asthma, energy and BMI in model 2, we found
that the moderating effect of DAQS on the association of
TSE and childhood asthma remains robust, especially in
girls (OR=1.42, 95%CI: 0.93-2.17).

Discussion

In the present study, using the moderating effect analysis,
we found that there was a moderating effect of DAQS to
the association between TSE and current asthma among
children and adolescents, especially in girls. That was, the
higher the DAQS, the smaller effect of TSE on the risk of
asthma in children and adolescents. Our study provides a
reference for developing more targeted strategies for pre-
vention and treatment of current asthma in children and
adolescents.

TSE is associated with lots of health hazards. While the
proportion of adults who smoke and children exposed
to tobacco smoke continues to decline, the propor-
tion of TSE children was still substantial at about 50%.
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Table 1 The characteristics of study children

Variables Total (N=11,026) Non-asthma (N=9782) Asthma (N=1244) Statistics P
DAQS, n (%) 1.602 0.209
Low quality 4396 (37.36) 3865 (37.02) 531(40.13)
High quality 6630 (62.64) 5917 (62.98) 713(59.87)
Tobacco smoke exposure, n (%) 11.385 0.001
No 6326 (59.90) 5741 (60.79) 585 (52.65)
Yes 4700 (40.10) 4041 (39.21) 659 (47.35)
Smoking during pregnancy, n (%) 2.003 0.138
No 8208 (71.67) 7308 (71.97) 900 (69.26)
Yes 1121 (11.23) 962 (10.91) 159 (13.92)
Unknown 1697 (17.09) 1512(17.13) 185 (16.82)
Age, years, Mean (+SD) 10.64 (£0.07) 10.57 (£0.07) 11.17 (£0.21) 2.783" 0.007
Energy, kcal, Mean (+SD) 1899.25 (£12.13) 1890.60 (+ 12.07) 1970.30 (£37.42) 2133 0.036
Age, years, n (%) 5310 0.006
1-5 1746 (14.83) 1600 (15.39) 146 (10.27)
6-11 4700 (39.74) 4152 (39.82) 548 (39.09)
12-17 4580 (45.43) 4030 (44.79) 550 (50.64)
Gender, n (%) 1.116 0.294
Male 5631 (51.07) 4934 (50.74) 697 (53.82)
Female 5395 (48.93) 4848 (49.26) 547 (46.18)
PIR, n (%) 3.055 0.052
<2 6251 (45.62) 5475 (44.91) 776 (51.51)
>2 3999 (48.34) 3606 (49.04) 393 (42.51)
Unknown 776 (6.04) 701 (6.05) 75 (5.98)
Household person education level, n (%) 0.674 0.560
Below high school 2(16.39) 2264 (16.48) 248 (15.66)
High school/GED or equivalent 2060 (17.45) 1807 (17.20) 253 (19.50)
Above high school 4560 (46.80) 4025 (47.09) 535 (44.39)
Unknown 1894 (19.37) 1686 (19.24) 208 (20.45)
Physical activity, met:-min/day, n (%) 0412 0.660
Ideal physical activity 1569 (14.53) 1399 (14.37) 170 (15.88)
Non-ideal physical activity 8346 (75.98) 7392 (76.08) 954 (75.19)
Unknown 1111 (9.49) 991 (9.55) 120 (8.93)
Sedentary time, hours, n (%) 5313 0.002
<3 3090 (27.47) 2804 (28.25) 286 (20.99)
3-59 3532(32.19) 3140 (32.25) 392 (31.65)
>6 4210 (38.97) 3668 (38.17) 542 (45.56)
Unknown 194 (1.38) 170 (1.33) 24(1.81)
BMI, kg/m?, n (%) 8.239 <0.001
Normal 6851 (63.45) 6184 (64.37) 667 (55.94)
Obesity 1876 (16.06) 1572 (15.35) 304 (21.95)
Overweight 2299 (20.48) 2026 (20.29) 273 (22.11)
Family history of asthma, n (%) 88.818 <0.001
No 6126 (56.46) 5779 (59.42) 347 (32.06)
Yes 2991 (27.07) 2267 (23.62) 724 (55.45)
Unknown 1909 (16.47) 1736 (16.96) 173 (12.49)
Hay favor, n (%) 676.627 <0.001
No 488 (4.05) 0(0.00) 488 (37.34)
Yes 139 (1.62) 0(0.00) 139 (14.91)
Unknown 10,399 (94.33) 9782 (100.00) 617 (47.75)

SD Standard deviation, t t-test, DAQS Dietary antioxidant quality score, met metabolic equivalent task, BMI Body mass index
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Table 2 Association between DAQS and TSE with asthma

Variables Model 1 Model 2
OR (95% Cl) Pvalue OR(95% Cl) Pvalue

DAQS

Low quality ~ Ref Ref

High quality  0.88(0.71-1.08) 0.209 0.99 (0.74-1.32) 0919
TSE

No Ref Ref

Yes 1.39(1.15-1.70)  0.001 1.26 (1.05-1.52) 0.015

Model 1: crude model
Model 2: adjustment for age, gender, family history of asthma, energy and BMI

OR Odds ratio, C/ Confidence intervals, Ref Reference, DAQS Dietary antioxidant
quality score, TSE Tobacco smoke exposure

Table 3 Effect of DAQS on the association between TSE and

asthma
Variables Model 1 Model 2
OR (95% Cl) P OR (95% ClI) P
Low quality of DAQS
TSE
No Ref Ref
Yes 1.58 (1.20-2.09) 0.001 1.43(1.08-1.89) 0.013
High quality of DAQS
TSE
No Ref Ref
Yes 1.27 (0.97-1.66) 0.086 1.15 (0.88-1.50) 0.295

Model 1: crude model
Model 2: adjustment for age, gender, family history of asthma, energy and BMI

OR Odds ratio, CI Confidence intervals, Ref Reference, DAQS Dietary antioxidant
quality score, TSE Tobacco smoke exposure

Previous, various evidence suggested that individual
who exposed to tobacco smoke had a higher risk of
asthma [11, 27-29]. Akinbami et al. [11] focused on the
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environmental tobacco smoke and asthma in children
suggested that 53.3% of children aged 6-9 years old suf-
fer from asthma were TSE exposed. Even TSE result-
ing in low serum cotinine concentrations was related to
risks for children with asthma. An analyses from Phase
Three of the ISAAC programme reported that children
exposed to tobacco smoke had a higher risk of asthma in
both age groups of 6-7 and 13-14 years old, and there
was a clear dose relationship between maternal smoking
and asthma symptoms [27]. Wang et al. [28] concluded
that TSE associated with the more severe asthma attacks.
Children with asthma and TSE were twice as likely to be
hospitalized for asthma exacerbation and are more likely
to have the bad outcome of pulmonary function. Simi-
lar results were also reported by Andrews et al. [29] that
there was a significantly related to length of stay at both
institutions among children hospitalized for asthma.
Cohen et al. [30] showed that in utero TSE increased age-
related airway hyper responsiveness as well as reduced
the efficacy of inhaled corticosteroids among asthmatic
children. Moreover, a study from Israel examined the
association between cotinine concentration in serum,
urine and saliva and the severity of asthma. Based on
the Global Initiative for Asthma (GINA) classification,
percentage of severe asthmatic patients was significantly
higher in passive smoker group. In passive smoker group,
the concentration of cotinine in serum, urine and saliva
were higher than moderate ad mild asthma [31]. These
findings gave support to the results of our study, which
observed that children exposed to tobacco smoke had a
higher risk of asthma. The potential mechanism for the
relationship between TSE and asthma might be Inflam-
matory response and oxidative stress. Oxidative stress is
an important feature of the pathophysiology of asthma,
and chemicals such as nicotine in cigarettes can cause
elevated levels of reactive oxygen species (ROS) in vivo
[32]. The accumulation of ROS further enhances the

Subgroups Outcome/Total Model 1 Model 2
Boys OR (95%CT) OR (95%CI)
Low quality of DAQS  271/2067 T 141(0.89-2.24) 1.31 (0.81-2.12)
High quality of DAQS ~ 426/3564 T 1.16 (0.83-1.64) 1.01 (0.72-1.42)
Girls
Low quality of DAQS ~ 260/2329 v 1.74(1.19-2.56) 1.74 (1.19-2.56)
High quality of DAQS  287/3066 o 1.43(0.88-2.32) 1.42 (0.93-2.17)
012
Odds ratio

Group 1 Model 1
Fig. 2 The forest plot of TSE and asthma in children stratified by gender

- Model 2
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oxidative stress response, which can damage cellular and
subcellular targets such as lipids, proteins and nucleic
acids, thereby inducing airflow obstruction, airway
hyperresponsiveness and remodeling, and ultimately pro-
moting the occurrence of asthma [33].

Dietary supplements are widely acknowledged to offer
the potential to improve health if appropriately targeted
to those populations in need [34]. Airways in asthmatic
patients have specific inflammatory abnormalities asso-
ciated with increased generation of ROS and the tissue
damage by free radicals [35]. Dietary antioxidants such as
vitamin A, C and E may protect the respiratory system
from oxidants. Several studies have reported an associa-
tion between selected dietary antioxidants and asthma.
A latent class analysis showed that dietary inflammatory
index (DII), an index indicated an individual’s diet on a
continuum, from the most anti-inflammatory to the most
pro-inflammatory, was associated with the high-burden
asthma [36]. In a Swedish birth cohort study, Rosenlund
et al. [12] showed that Mg intake was inversely related
to asthma. A cross-sectional study from the NHANES
database found that children with high intakes of vita-
min C and E may be related to a reduced prevalence of
asthma [13]. A study in urban and rural Saudi Arabia
reported that after adjustment for all covariates, the
lowest intakes of vitamin E, Mg and sodium related sig-
nificantly and independently to the risk of asthma [37].
Recently, a study included 501 children from 20 public
schools located in Portugal showed that after adjustment,
the exposure effect of PM2.5/10 levels on children with
asthma was higher for those having a pro-inflammatory
diet, highlighting the relevance of children’s diet as a
potential protective factor to pollutant exposure in chil-
dren with asthma [16]. In our study, we also observed the
moderating effect of DAQS on the association between
TSE and asthma in children. Among children exposed to
tobacco smoke, the risk of asthma in children with high
DAQS level was reduced from 43 to 15% compared with
children with low DAQS levels. TSE can induce oxidative
stress and inflammation on the respiratory airways, and
antioxidants plays a vital role in relieving the severity and
controlling asthma. Possible pathways by which dietary
antioxidants modulate the association between TSE and
childhood asthma was through reducing oxidative stress
and inflammation in the airway caused by TSE.

Herein, we provided reference for the prevention of
childhood asthma and increase social well-being by
exploring the moderating effect of DAQS, a compre-
hensive index reflecting the antioxidant capacity of
dietary antioxidants, on the risk of asthma in children
exposed to tobacco smoke. Previous study has shown
that parental food habits and feeding strategies are the
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most dominant determinants of a child’s eating behav-
iors and food choices [38]. Our study highlights the
benefits of a healthy diet rich in dietary antioxidants
in reducing the risk of asthma in children and provides
a reference for parents and pediatricians to manage a
healthy diet for children and adolescents. Nevertheless,
several limitations need caution in interpreting our
findings. First, this was a cross-sectional study, only the
moderating effect of DAQS on the relationship between
tobacco smoke exposure and the odds of asthma in
children and adolescents could be found, and causal
association could not be inferred. Second, the infor-
mation on physical activity time and family income
was self-reported by the study children, which may be
affected by recall bias. Further large-scale prospective
cohort studies are needed to conduct to explore the
moderating effect of DAQS on the association between
tobacco smoke exposure and asthma in children and
adolescents.

Conclusion

This study explored the effect of DAQS on the associa-
tion between asthma and TSE among children and ado-
lescents. The results found that DAQS has a moderating
effect on the relationship between TSE and the risk of
asthma in children and adolescents, especially among
girls. The findings suggested that children and adoles-
cents exposed to tobacco smoke are recommended to
keep healthier diet to decrease their risk of asthma.

Abbreviations

cbC Centers for Disease Control and Prevention

DAQS Dietary antioxidant quality score

Mg Magnesium

Zn Zinc

Se Selenium

NHANES  National Health and Nutrition Examination Survey

NCHS National Center for Health Statistics
BMI Body mass index

MEC Mobile examination center

MET Metabolic equivalent task

SE Standard error

ORs Odds ratios

Cls Confidence intervals

Acknowledgements
Not applicable.

Authors’ contributions

Wei Lin designed the study, Jinliang Lin wrote the manuscript, Fuhuang Lai
and Jiagiang Shi collected, analyzed and interpreted the data, Wei Lin critically
reviewed the manuscript, all authors read and approved the manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets generated and/or analyzed during the current study are available
in the NHANES database, https://wwwn.cdc.gov/nchs/nhanes/.


https://wwwn.cdc.gov/nchs/nhanes/

Lin et al. BMC Pediatrics (2024) 24:535

Declarations

Ethics approval and consent to participate

The requirement of ethical approval for this was waived by the Institutional
Review Board of Longyan First Hospital Affiliated to Fujian Medical University,
because the data was accessed from NHANES (a publicly available database).
The need for written informed consent was waived by the Institutional Review
Board of Longyan First Hospital Affiliated to Fujian Medical University due to
retrospective nature of the study. All methods were performed in accordance
with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 May 2024 Accepted: 13 August 2024
Published online: 21 August 2024

References

1. Banno A, Reddy AT, Lakshmi SP, Reddy RC. Bidirectional interaction
of airway epithelial remodeling and inflammation in asthma. Clin Sci
(Lond). 2020;134:1063-79.

2. Patel SJ, Teach SJ. Asthma. Pediatr Rev. 2019;40:549-67.

3. Abrams EM, Szefler SJ, Becker AB. What Is the Role of Increasing Inhaled
Corticosteroid Therapy in Worsening Asthma in Children? J Allergy Clin
Immunol Pract. 2019;7:842-7.

4. Moraes-Ferreira R, Brandao-Rangel MAR, Gibson-Alves TG, Silva-Reis A,
Souza-Palmeira VH, Aquino-Santos HC, et al. Physical Training Reduces
Chronic Airway Inflammation and Mediators of Remodeling in Asthma.
Oxid Med Cell Longev. 2022;2022:5037553.

5. Cibella F, Cuttitta G, Della Maggiore R, Ruggieri S, Panunzi S, De
Gaetano A, et al. Effect of indoor nitrogen dioxide on lung function in
urban environment. Environ Res. 2015;138:8-16.

6. Aithal SS, Gill S, Satia I, Tyagi SK, Bolton CE, Kurmi OP. The Effects of
Household Air Pollution (HAP) on Lung Function in Children: A System-
atic Review. Int J Environ Res Public Health. 2021;18(22):11973. https://
doi.org/10.3390/ijerph182211973.

7. Garcia-LarsenV, Del Giacco SR, Moreira A, Bonini M, Charles D, Reeves
T, et al. Asthma and dietary intake: an overview of systematic reviews.
Allergy. 2016;71:433-42.

8. Garcia-Marcos L, Castro-Rodriguez JA, Weinmayr G, Panagiotakos DB,
Priftis KN, Nagel G. Influence of Mediterranean diet on asthma in chil-
dren: a systematic review and meta-analysis. Pediatr Allergy Immunol.
2013;24:330-8.

9. Vanker A, Gie RP, Zar HJ. The association between environmental
tobacco smoke exposure and childhood respiratory disease: a review.
Expert Rev Respir Med. 2017;11:661-73.

10. Lang JE, Dozor AJ, Holbrook JT, Mougey E, Krishnan S, Sweeten S, et al.
Biologic mechanisms of environmental tobacco smoke in children
with poorly controlled asthma: results from a multicenter clinical trial. J
Allergy Clin Immunol Pract. 2013;1:172-80.

11. Akinbami LJ, Kit BK, Simon AE. Impact of environmental tobacco
smoke on children with asthma, United States, 2003-2010. Acad Pedi-
atr. 2013;13:508-16.

12. Rosenlund H, Magnusson J, Kull |, Hdkansson N, Wolk A, Pershagen
G, et al. Antioxidant intake and allergic disease in children. Clin Exp
Allergy. 2012;42:1491-500.

13. Nakamura K, Wada K, Sahashi Y, Tamai Y, Tsuji M, Watanabe K, et al.
Associations of intake of antioxidant vitamins and fatty acids with
asthma in pre-school children. Public Health Nutr. 2013;16:2040-5.

14. ZhongY, Zhang Z, Hu Y. The combined effects of overweight/obesity
and dietary antioxidant quality score on hypertension in children and
adolescents. BMC Pediatr. 2023;23(1):584. https://doi.org/10.1186/
512887-023-04397-0.

16.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

32.

33

34.

Page 8 of 9

. Nikrad N, Shakarami A, Tousi AZ, Farhangi MA, Ardekani AM, Jafarzadeh

F. Dietary Antioxidant Quality Score (DAQS), serum lipids, markers of
glucose homeostasis, blood pressure and anthropometric features
among apparently metabolically healthy obese adults in two metropo-
lises of Iran (Tabriz and Tehran): a cross-sectional study. BMC Endocr
Disord. 2023;23:157.

Luu HN, Wen W, Li H, Dai Q, Yang G, Cai Q, et al. Are dietary antioxidant
intake indices correlated to oxidative stress and inflammatory marker
levels? Antioxid Redox Signal. 2015;22:951-9.

. de Castro MF, Paciéncia |, Cavaleiro Rufo J, Silva D, Cunha P, Farraia

M, et al. The inflammatory potential of diet impacts the association
between air pollution and childhood asthma. Pediatr Allergy Immunol.
2020;31:290-6.

. Zipf G, Chiappa M, Porter KS, Ostchega Y, Lewis BG, Dostal J. National

health and nutrition examination survey: plan and operations,
1999-2010. Vital Health Stat 1. 2013;(56):1-37.

. Li C, Richter P, Cobb LK, Kuiper HC, Seymour J, Vesper HW. Dietary

Sources of Plasma trans Fatty Acids among Adults in the United States:
NHANES 2009-2010. Curr Dev Nutr. 2021;5:nzab063.

Tur JA, Serra-Majem L, Romaguera D, Pons A. Does the diet of the
Balearic population, a Mediterranean type diet, still provide adequate
antioxidant nutrient intakes? Eur J Nutr. 2005;44:204-13.

Benowitz NL. Cotinine as a biomarker of environmental tobacco smoke
exposure. Epidemiol Rev. 1996;18(2):188-204. https://doi.org/10.1093/
oxfordjournals.epirev.a017925.

Espenship MF, Silva LK, Smith MM, Capella KM, Reese CM, Rasio JP, et al.
Nitromethane Exposure from Tobacco Smoke and Diet in the U.S. Pop-
ulation: NHANES, 2007-2012. Environ Sci Technol. 2019;53:2134-40.

. Chin HL, Cheong KK. Association between asthma and headache: Find-

ings from the NHANES 2001-2004. Clin Respir J. 2023;17:799-804.
Mendes MA, da Silva |, Ramires V, Reichert F, Martins R, Ferreira R, et al.
Metabolic equivalent of task (METs) thresholds as an indicator of physi-
cal activity intensity. PLoS ONE. 2018;13:20200701.

Jia G, Wu CC, Su CH. Dietary inflammatory index and metabolic
syndrome in US children and adolescents: evidence from NHANES
2001-2018. Nutr Metab (Lond). 2022;19:39.

Whooten RC, Perkins ME, Gerber MW, Taveras EM. Effects of Before-
School Physical Activity on Obesity Prevention and Wellness. Am J Prev
Med. 2018;54:510-8.

Mitchell EA, Beasley R, Keil U, Montefort S, Odhiambo J. The associa-
tion between tobacco and the risk of asthma, rhinoconjunctivitis and
eczema in children and adolescents: analyses from Phase Three of the
ISAAC programme. Thorax. 2012;67:941-9.

Wang Z, May SM, Charoenlap S, Pyle R, Ott NL, Mohammed K, et al.
Effects of secondhand smoke exposure on asthma morbidity and
health care utilization in children: a systematic review and meta-analy-
sis. Ann Allergy Asthma Immunol. 2015;115:396-401.e2.

Andrews AL, Shirley N, Ojukwu E, Robinson M, Torok M, Wilson KM.

Is secondhand smoke exposure associated with increased exacerba-
tion severity among children hospitalized for asthma? Hosp Pediatr.
2015;5:249-55.

Cohen RT, Raby BA, Van Steen K, Fuhlbrigge AL, Celeddn JC, Rosner
BA, et al. In utero smoke exposure and impaired response to inhaled
corticosteroids in children with asthma. J Allergy Clin Immunol.
2010;126:491-7.

. Hassanzad M, Khalilzadeh S, Eslampanah Nobari S, Bloursaz M, Sharifi

H, Mohajerani SA, et al. Cotinine level is associated with asthma
severity in passive smoker children. Iran J Allergy Asthma Immunol.
2015,14:67-73.

Ramalingam A, Budin SB, Mohd Fauzi N, Ritchie RH, Zainalabidin S.
Targeting mitochondrial reactive oxygen species-mediated oxidative
stress attenuates nicotine-induced cardiac remodeling and dysfunc-
tion. Sci Rep. 2021;11(1):13845. https://doi.org/10.1038/541598-021-
93234-4. Published 2021 Jul 5.

Michaeloudes C, Abubakar-Waziri H, Lakhdar R, et al. Molecular mecha-
nisms of oxidative stress in asthma. Mol Aspects Med. 2022;85: 101026.
https://doi.org/10.1016/j.mam.2021.101026.

Rautiainen S, Manson JE, Lichtenstein AH, Sesso HD. Dietary supple-
ments and disease prevention - a global overview. Nat Rev Endocrinol.
2016;12:407-20.


https://doi.org/10.3390/ijerph182211973
https://doi.org/10.3390/ijerph182211973
https://doi.org/10.1186/s12887-023-04397-0
https://doi.org/10.1186/s12887-023-04397-0
https://doi.org/10.1093/oxfordjournals.epirev.a017925
https://doi.org/10.1093/oxfordjournals.epirev.a017925
https://doi.org/10.1038/s41598-021-93234-4
https://doi.org/10.1038/s41598-021-93234-4
https://doi.org/10.1016/j.mam.2021.101026

Lin et al. BMC Pediatrics (2024) 24:535

35.

36.

37.

38.

Riccioni G, Barbara M, Bucciarelli T, di llio C, D'Orazio N. Antioxidant
vitamin supplementation in asthma. Ann Clin Lab Sci. 2007;37:96-101.
Cilluffo G, Han YY, Ferrante G, Dello Russo M, Lauria F, Fasola S, et al. The
Dietary Inflammatory Index and asthma burden in children: A latent
class analysis. Pediatr Allergy Immunol. 2022;33:e13667.

Hijazi N, Abalkhail B, Seaton A. Diet and childhood asthma in a

society in transition: a study in urban and rural Saudi Arabia. Thorax.
2000;55:775-9.

Mahmood L, Flores-Barrantes P, Moreno LA, Manios Y, Gonzalez-Gil EM.
The Influence of Parental Dietary Behaviors and Practices on Children’s
Eating Habits. Nutrients. 2021;13(4):1138. https://doi.org/10.3390/nu130
41138.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9


https://doi.org/10.3390/nu13041138
https://doi.org/10.3390/nu13041138

	Effect of dietary antioxidant quality score on tobacco smoke exposure and asthma in children and adolescents: a cross-sectional study from the NHANES database
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study design and population
	DAQS assessment
	TSE assessment
	Definition of current asthma
	Potential covariates
	Statistical analysis

	Results
	Characteristics of study children
	Association between DAQS and TSE with current asthma
	Effect of DAQS on the association between TSE and current asthma
	Moderating effect of DAQS on the association between TSE and current asthma in children and adolescents based on gender

	Discussion
	Conclusion
	Acknowledgements
	References


