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ABSTRACT

Background: Asthma, characterized by recurrent wheezing, breathlessness, chest tightness, and
coughing, is a major health concern among children and adolescents worldwide, currently
affecting more than 5 million children. The increasing prevalence of obesity and overweight
among the pediatric population has made the issue of childhood respiratory health more complex.
Compared with children of healthy weight, the risk of asthma is higher in overweight and obese
children. Zinc, a nutrient that regulates the oxidant-antioxidant balance, has been studied for its
potential protective effects against asthma in adults and children. However, the results are
controversial, with some studies reporting a beneficial effect and others showing no effect.
Therefore, our objective was to assess the correlation between zinc intake from diet and asthma
occurrence among children and adolescents who are overweight or obese.

Methods: The National Health and Nutrition Examination Survey (NHANES) (2011–2020) pro-
vided data on individuals aged �20 who were overweight or obese, had asthma, and consumed
zinc in their diet. The association between dietary zinc and asthma was evaluated using a variety of
statistical methods, including multivariate logistic regression, restricted cubic spline analysis, and
subgroup analysis.

Results: A total of 4597 pediatrics and adolescents were enrolled, with 20.9% (963/4597)
suffering from asthma. After adjusting for all covariates in the multivariate logistic regression,
compared with the lowest zinc intake group Q1(�5.68 mg/day), the adjusted OR values for zinc
intake and asthma in Q2 (5.69–8.36 mg/day), Q3 (8.37–11.95 mg/day), and Q4 (�11.96 mg/
day) were 0.78 (95% CI: 0.62–0.98, p ¼ 0.03), 0.76 (95% CI: 0.6w0.98, p ¼ 0.032), 0.71 (95% CI:
0.53w0.95, p ¼ 0.022), respectively. Stratified analysis showed no interactive role for dietary zinc
intake and asthma in overweight or obese children and adolescents.

Conclusions: Dietary zinc intake is inversely associated with asthma in overweight or obese
children and adolescents.
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INTRODUCTION
Asthma, which is marked by ongoing airway
inflammation and redox imbalance, is the most
prevalent chronic respiratory condition during
childhood. According to the Global Asthma
Report, current asthma symptom prevalence in
GAN Phase I was 9.1% in children and 11.0% in
adolescents.1 In 2021, the United States Centers
for Disease Control and Prevention (CDC)
reported that asthma affected approximately 4.6
million children (6%) in the United States.2

Concern should be expressed about the
alarming rise in the incidence of asthma in
children and adolescents worldwide as well as
the shifting patterns of its burden. In addition,
asthma attacks impose a significant burden on
families and healthcare systems, resulting in
increased healthcare visits and the administration
of systemic corticosteroids and antibiotics.3

With economic development and improve-
ments in living standards, the proportion of over-
weight and obesity among children and
adolescents exhibits an alarming upward trend.
Childhood obesity has become a major public
health challenge of the 21st century, with approx-
imately 41 million children age <5 years and over
340 million children and adolescents aged be-
tween 5 and 19 affected by overweight or obesity
in 2016, which represents a more than tenfold in-
crease from 1976.4,5 These individuals typically
face an increased likelihood of developing
asthma, exhibit reduced lung function, are more
prone to asthma exacerbation, and respond less
effectively to conventional asthma treatments
compared to their peers of normal weight.6–8

Thus, there is an urgent need to figure out ways
to ease the asthmatic symptoms among this
specific population.

In recent years, the impact that various nutrients
play in asthma has been the subject of an
increasing number of research reports, high-
lighting the dietary factors that may contribute to
the development and management of asthma. An
abundant diet of fruits and vegetables has already
been advised for those suffering from asthma, ac-
cording to the Global Strategy for Asthma Man-
agement and Prevention,1 while the guidelines
have not yet included the recommendation to
consume a diet rich in other nutrients. Among
those factors, micronutrients are of interest
because of their unique role in oxidative stress
and inflammatory responses.9,10 Zinc, the second
most prevalent trace metal in mammals, assumes
a crucial function in the regulation of
inflammation and immune response. Moreover,
zinc also contributes to oxidant/antioxidant
equilibrium by acting as a co-factor for superox-
ide dismutase, an enzyme with antioxidant prop-
erties.11 As a result, insufficiency of zinc may
contribute to pulmonary impairment,
exacerbating symptoms of asthma. Prior research
that attempted to establish an association
between zinc and asthma mostly evaluated its
levels in body fluids and their correlation with
asthma, yielding inconsistent findings. Several
studies have shown that asthmatic patients have
a decrease in zinc concentration in their serum,
hair, or sputum.12–14 However, it has not been
shown to be significantly associated with asthma
in other studies.15,16

Therefore, further research is necessary to
comprehend the association between dietary zinc
consumption and asthma in overweight or obese
children and adolescents. Data from the National
Health and Nutrition Examination Survey
(NHANES) were drawn upon in this present study.
We hypothesized that among overweight or obese
children and adolescents, those with asthma
exhibit a diminished dietary intake of zinc
compared to their healthy counterparts within this
demographic.
METHODS

Data source

NHANES, conducted by CDC,17 was designed
to evaluate the health or nutrition status of the
noninstitutionalized US population. Each year,
approximately 5000 persons are examined as a
nationally representative sample. The individuals
surveyed were chosen using a multistage,
stratified probability design.18 The NHANES
acquires demographic data and a wide array of
health-related information by means of house-
hold visits, screening assessments, and laboratory
analyses administered via a mobile examination
center (MEC). NHANES received approval from the
Ethics Review Committee at the National Center
for Health Statistics (NCHS), and written informed
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consent was obtained from all participants before
their inclusion. For the secondary analysis, no
additional institutional review board approval was
required.19 The NHANES data can be obtained
from the NHANES website (http://www.cdc.gov/
nchs/nhanes.htm).

Inclusion and exclusion criteria

Data from 4 survey cycles (2011–2012, 2013–
2014, 2015–2016, 2017–2020) were extracted from
NHANES for this study. Participants under the age
of 20 who completed the survey were incorpo-
rated. Individuals who had incomplete data
regarding questionnaire responses for asthma,
dietary zinc intake, and Body mass index (BMI)
Category were eliminated from the study, as well
as those who were either underweight or of normal
weight.

Asthma assessment

To identify participants with asthma, we
assessed their answers to the question, “Has a
doctor or other health professional ever told you
that you have asthma?” in the medical condition
questionnaire. Those who replied “yes” were clas-
sified as asthmatic, whereas those who responded
“no” were classified as non-asthmatic.

Responses to the question “During the past 12
months, have you had an episode of asthma or an
asthma attack?” were reviewed for persons who
had had an asthma attack in the past year. Those
who answered “yes” were classified as having had
an asthma attack in the past year, and the others
were not.

Dietary zinc intake

Dietary survey participants in NHANES were
asked to report their consumption of food and
beverages within a 24-h period. Data on dietary
intake were collected between 2011 and 2020
using the Automated Multiple Pass Method
(AMPM). These data were utilized to accurately
calculate the nutrient values for participants
based on the food and beverages they
consumed.20 The NHANES Dietary Interviewers
Procedure Manuals provide a comprehensive
outline of the methodology employed in the
dietary survey.17 The subjects were divided
into 4 groups based on their dietary zinc
consumption.
Overweight or obese

We selected individuals for this study who
were overweight or obese. The data on BMI
Category were derived from the examination data
and there were 4 categories:21 underweight
(BMI<5th percentile), normal weight (BMI 5th to
85th percentile), overweight (BMI 85th to 95th
percentile), and obese (BMIs95th percentile).
Covariates

Several potential covariates were evaluated ac-
cording to previous literature requirements,22

including age, sex, race and ethnicity, family
income, onset age of asthma, family history of
asthma, second-hand smoking, laboratory param-
eters (white blood cell count [WBC], eosinophils
percent [EOPC], hemoglobin [HGB]), consumption
of calorie, protein, carbohydrate, sugar, fiber, and
fat, and use of dietary supplements. The classifi-
cations for race and ethnicity specifically included
Mexican American, other Hispanic, non-Hispanic
White, non-Hispanic Black, and other race. Ac-
cording to a US government report,23 the poverty
income ratio (PIR) was used in the classification of
family income. This ratio was instrumental in
dividing family incomes into 3 distinct categories:
low (PIR # 1.3), medium (1.3–3.5), and high (PIR
>3.5). Complete blood counts (CBC) and blood
cell distribution of blood samples were measured
for all subjects with the Beckman Coulter DxH
800 instrument at the NHANES MEC, including
WBC, EOPC, and HGB. A dietary recall interview
was conducted prior to an interview at MEC to
collect participants’ nutritional data for a 24-h
period, including calories, protein, carbohydrates,
sugar, fiber, and fat consumption. The use of di-
etary supplements by the subjects was determined
by their answer to the question “Any Dietary Sup-
plements taken in the past 24 h?”.

A multivariate single imputation method for
missing data was implemented using an iterative
imputer. At each step of the round-robin imputa-
tion, a Bayesian Ridge model was used as the
estimator.24

http://www.cdc.gov/nchs/nhanes.htm
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Statistical analysis

This is a secondary analysis of data sets available
in the public domain. Mean (standard deviation)
and median (interquartile range, 25–75%) were
used to present normally distributed and skewed
variables, respectively. Categorical variables were
presented as proportions. The comparison of
continuous data employed t tests, while categori-
cal data were assessed through the c2 test.

The variable of interest was the dietary intake of
zinc, and all analyses were performed according to
quartiles of zinc intake. The odds ratios (OR) and
95% confidence intervals (CIs) for the correlation
between consumption of dietary zinc and asthma
were calculated using logistic regression models.
Sociodemographic variables such as age, sex,
race, ethnicity, and PIR were taken into account
while adjusting Model 1. In Model 2, additional
factors, including family asthma, secondhand
smoking, EOPC, WBC, and HGB, were further
adjusted. The consumption of calories, protein,
carbohydrates, sugar, fiber, and fat was then taken
into consideration while making additional ad-
justments to Model 3.

We employed restricted cubic splines (RCS)
utilizing 4 knots to assess the correlation between
zinc consumption and asthma while controlling for
variables in Model 3.

Furthermore, we utilized multivariate logistic
regression analysis, incorporating likelihood ratio
tests for interactions, to evaluate any potential
modifications in the association between dietary
zinc and asthma according to factors including sex,
age (<13 vs. 13–19 years), PIR, and family history of
asthma.

Finally, we performed several sensitivity ana-
lyses. First, we excluded participants with missing
covariates to ascertain if the patterns of the single
imputation analysis were consistent with the trends
found; multivariable logistic regression modeling
and RCS were employed. Next, to further examine
the association between dietary zinc intake and
asthma, we investigated the relationship between
dietary zinc intake and asthma attack in the past
year. Finally, we included the presence or absence
of asthma treatment in a multivariate regression
analysis model for the 2011–2012 cycle to
determine whether the association between di-
etary zinc intake and asthma remained consistent.

Statistical power calculations were not per-
formed prior to the study, as the sample size
was solely determined by the existing data. The
statistical analyses were conducted utilizing R
software (version 4.2.1; R Foundation for Statistical
Computing; http://www.R-project.org), along with
the R survey package (version 4.1–1) and Free
Statistics software version 1.9.25 A two-tailed p-
value <0.05 was utilized to signify statistical sig-
nificance in all analyses.

RESULTS

Study population

Data from 4 NHANES cycles (2011–2012, 2013–
2014, 2015–2016, and 2017–2020) were utilized in
this analysis. Out of the 45,462 respondents who
finished the poll, 26,280 were 20 years of age or
older. Among the remaining 19,182 participants
under 20, those with incomplete asthma ques-
tionnaires (n ¼ 1793) and those who did not pro-
vide complete dietary zinc intake information
(n ¼ 3396) were not included.The study eliminated
those who did not have BMI information (n ¼ 1112)
and those who were underweight or of normal
weight (n ¼ 8284). In all, the present study
included 4597 individuals in total, of which 963
reported having asthma (Fig. 1).

Baseline characteristics

Table 1 demonstrates the baseline characteristics
of the entire participant cohort, categorized by
quartiles of dietary zinc intake. There were no
significant differences between the 4 survey cycles
in dietary zinc intake. The median age of the
subjects was 11 years, with 2280 individuals
(49.6%) identified as male. Among the participants,
963 individuals (20.9%) were diagnosed with
asthma. The median onset age of asthma was 3
years. Notably, those who consumed higher
amounts of zinc predominantly included males, of
non-Hispanic white ethnicity, reported a reduced
household income, were without a familial asthma
background, and did not use dietary supplements.
Additionally, this group showed lower exposure to
passive smoking and a higher intake of nutrients,
including calories, proteins, carbohydrates, sugars,
dietary fiber, and fats.

http://www.R-project.org
https://doi.org/10.1016/j.waojou.2024.100900


Fig. 1 Flowchart of this study.
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Association between dietary intake of zinc and
asthma

The univariate analysis revealed significant as-
sociations between asthma and several factors,
including age, sex, race and ethnicity, family his-
tory of asthma, second-hand smoking, EOPC, cal-
orie, protein, carbohydrate, sugar, and fat intake.
(Table 2).
Upon examining zinc dietary intake catego-
rized into quartiles, a notable inverse correlation
emerged between zinc consumption and asthma,
after adjusting for all the potential covariates. In
comparison to individuals with the lowest zinc
intake (Q1, #5.68 mg/day), participants in Q2
(5.69–8.36 mg/day), Q3(8.37–11.95 mg/day), and
Q4 (P11.96 mg/day) exhibited adjusted ORs for



Variables

Zinc intake (mg/day)

Total
(n ¼ 4597)

Qa1(�5.68)
(n ¼ 1141)

Qa2(5.69–
8.36)

(n ¼ 1156)

Qa3(8.37–
11.95)

(n ¼ 1147)

Qa4(�11.96)
(n ¼ 1153)

p-
Value

Release cycle, n (%) 0.013

2011–2012 983 (21.4) 205 (18) 268 (23.2) 255 (22.2) 255 (22.1)

2013–2014 1045 (22.7) 256 (22.4) 261 (22.6) 262 (22.8) 266 (23.1)

2014–2016 1053 (22.9) 251 (22) 253 (21.9) 273 (23.8) 276 (23.9)

2017–2020 1516 (33.0) 429 (37.6) 374 (32.4) 357 (31.1) 356 (30.9)

Age(years) 11.0 (7.0,
15.0)

12.0 (6.0,
15.0)

10.0 (6.0,
14.0)

10.0 (7.0,
14.0)

12.0 (8.0,
15.0)

<0.001

Sex, n (%) <0.001

Male 2280 (49.6) 436 (38.2) 527 (45.6) 591 (51.5) 726 (63)

Female 2317 (50.4) 705 (61.8) 629 (54.4) 556 (48.5) 427 (37)

Race and ethnicity,
n (%)

<0.001

Mexican American 1111 (24.2) 258 (22.6) 252 (21.8) 315 (27.5) 286 (24.8)

Other Hispanic 529 (11.5) 137 (12) 150 (13) 115 (10) 127 (11)

Non-Hispanic
White

1163 (25.3) 276 (24.2) 281 (24.3) 301 (26.2) 305 (26.5)

Non-Hispanic Black 1233 (26.8) 350 (30.7) 336 (29.1) 274 (23.9) 273 (23.7)

Other/Multi-Racial 561 (12.2) 120 (10.5) 137 (11.9) 142 (12.4) 162 (14.1)

PIRb, n (%) 0.323

Low(<1.3) 2212 (48.1) 570 (50) 567 (49) 527 (45.9) 548 (47.5)

Median(1.3–3.5) 1664 (36.2) 400 (35.1) 422 (36.5) 418 (36.4) 424 (36.8)

High(>3.5) 721 (15.7) 171 (15) 167 (14.4) 202 (17.6) 181 (15.7)

Family asthma, n
(%)

0.451

Yes 1644 (35.8) 430 (37.7) 401 (34.7) 403 (35.1) 410 (35.6)

No 2953 (64.2) 711 (62.3) 755 (65.3) 744 (64.9) 743 (64.4)

Second-hand
smoking, n (%)

0.513

No 3332 (72.5) 826 (72.4) 843 (72.9) 845 (73.7) 818 (70.9)

Yes 1265 (27.5) 315 (27.6) 313 (27.1) 302 (26.3) 335 (29.1)

WBCc(1000 cells/
uL)

7.6 � 2.2 7.5 � 2.2 7.7 � 2.3 7.7 � 2.1 7.6 � 2.2 0.064

(continued)
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Variables

Zinc intake (mg/day)

Total
(n ¼ 4597)

Qa1(�5.68)
(n ¼ 1141)

Qa2(5.69–
8.36)

(n ¼ 1156)

Qa3(8.37–
11.95)

(n ¼ 1147)

Qa4(�11.96)
(n ¼ 1153)

p-
Value

EOPCd(%) 13.3 � 1.3 13.2 � 1.3 13.2 � 1.2 13.3 � 1.3 13.5 � 1.3 <0.001

HGBe(g/dL) 2.5 (1.5,
4.1)

2.4 (1.5, 3.8) 2.5 (1.6, 4.1) 2.5 (1.6, 4.2) 2.5 (1.5, 4.1) 0.215

Calorie
consumption(kcal/
day)

1745.0
(1324.0,
2284.0)

1183.0
(912.0,
1478.0)

1623.5
(1348.0,
1940.2)

1971.0
(1604.5,
2400.5)

2458.0
(1928.0,
3152.0)

<0.001

Protein
consumption (gm/
day)

61.8 (44.5,
84.2)

35.9 (27.4,
45.2)

54.9 (47.4,
64.7)

71.5 (60.3,
85.4)

97.4 (77.0,
121.1)

<0.001

Carbohydrate
consumption (gm/
day)

226.7
(166.9,
295.4)

160.5
(121.9,
205.2)

214.5 (167.1,
264.8)

247.5 (199.2,
312.7)

297.5 (232.2,
385.4)

<0.001

Sugar consumption
(gm/day)

98.4 (67.7,
141.3)

73.3 (48.5,
101.9)

94.3 (67.2,
129.2)

107.2 (76.9,
147.2)

129.7 (89.6,
180.5)

<0.001

Fiber consumption
(gm/day)

12.2 (8.4,
17.4)

8.0 (5.5,
10.8)

11.6 (8.6,
15.1)

14.2 (10.1,
18.9)

17.2 (12.6,
23.2)

<0.001

Fat consumption
(gm/day)

66.0 (46.4,
93.3)

42.0 (29.5,
57.1)

60.3 (47.6,
77.3)

75.5 (57.1,
97.4)

99.6 (70.4,
132.9)

<0.001

Dietary
supplements taken,
n (%)

0.249

Yes 666 (14.5) 150 (13.1) 170 (14.7) 184 (16) 162 (14.1)

No 3931 (85.5) 991 (86.9) 986 (85.3) 963 (84) 991 (85.9)

Onset age of
asthma(years)

3.0 (1.0,
6.0)

2.0 (1.0, 6.0) 3.0 (1.0, 6.0) 3.0 (1.0, 6.0) 3.0 (1.0, 6.0) 0.276

Asthma, n (%) 0.018

Yes 963 (20.9) 208 (18.2) 240 (20.8) 243 (21.2) 272 (23.6)

No 3634 (79.1) 933 (81.8) 916 (79.2) 904 (78.8) 881 (76.4)

Table 1. (Continued) Baseline characteristics categorized by dietary zinc intake. aQuartiles based on dietary zinc consumption. bRatio of income to
poverty. cWhite blood cell count. dEosinophils percent. eHemoglobin
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asthma of 0.78 (95% CI: 0.62–0.98, p ¼ 0.03), 0.76
(95% CI: 0.6–0.98, p ¼ 0.032), and 0.71 (95% CI:
0.53–0.95, p ¼ 0.022), respectively (Table 3).
Furthermore, the relationship between asthma
and zinc intake demonstrated a consistent
negative linear trend (nonlinear, p ¼ 0.602), as
illustrated in the RCS analysis (Fig. 2).
Stratified analyses based on additional variables
and sensitivity analysis

A stratified analysis has been conducted across
multiple subgroups in order to assess any potential
alterations in the correlation between zinc con-
sumption in the diet and asthma. When stratified



Variable ORa (95% CIb) p-Value

Age(years) 0.96 (0.94w0.97) <0.001

Sex, n(%)

Male Reference

Female 1.3 (1.12w1.5) <0.001

Race and ethnicity, n(%)

Mexican American Reference

Other Hispanic 0.78 (0.6w1.02) 0.068

Non-Hispanic White 0.78 (0.63w0.97) 0.026

Non-Hispanic Black 0.52 (0.42w0.63) <0.001

Other/Multi-Racial 0.7 (0.54w0.91) 0.007

PIRc, n(%)

Low(<1.3) Reference

Median(1.3–3.5) 1.14 (0.97w1.33) 0.106

High(>3.5) 1.1 (0.89w1.35) 0.37

Family asthma, n(%)

No Reference

Yes 3.42 (2.95w3.96) <0.001

Second-hand smoking, n(%)

Yes Reference

No 0.79 (0.68w0.93) 0.004

WBCd(1000 cells/uL) 1.02 (0.99w1.05) 0.267

EOPCe(%) 0.9 (0.88w0.92) <0.001

HGBf(g/dL) 0.98 (0.93w1.04) 0.489

Dietary supplements taken, n(%)

Yes Reference

No 1.1 (0.91w1.35) 0.329

Calorie consumption(kcal/day) 1 (1w1) <0.001

Protein consumption (gm/day) 1 (1w1) 0.015

Carbohydrate consumption (gm/day) 1 (1w1) 0.007

Sugar consumption (gm/day) 1 (1w1) 0.017
(continued)
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Variable ORa (95% CIb) p-Value

Fiber consumption (gm/day) 1 (0.99w1.01) 0.679

Fat consumption (gm/day) 1 (0.99w1) <0.001

Zinc intake (mg/day) 0.98 (0.97w1) 0.007

Table 2. (Continued) Association of covariates and asthma risk. aOdds ratio. bConfidence interval. cRatio of income to poverty. dWhite blood cell
count. eEosinophils percent. fHemoglobin
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by PIR, sex, age, and family history of asthma, no
significant interactions were observed (Fig. 3).
Subsequently, we performed sensitivity analyses
by excluding the subjects whose variables were
missing. After modifying the model for restricted
cubic spline analyses and multivariate logistic
regression, our results remained constant. A
consistent negative linear connection (nonlinear,
p ¼ 0.248) was observed between dietary zinc
intake and asthma (Supplementary Material,
Table S1-S3, Figure S1-S2).

Additionally, we investigated the correlation
between dietary zinc intake and asthma attack in
the past year. After adjusting for all covariates, the
adjusted OR for asthma in Q4 (�11.96 mg/day)
was 0.6 (95% CI: 0.37–0.99, p ¼ 0.046) compared
to the lowest zinc intake (Q1, #5.68 mg/day)
(Supplementary Material, Table S4).

The data regarding asthma treatment was only
available for the 2011–2012 cycle, and therefore
could only be included in the multivariate regres-
sion analysis model for that cycle. After adding
asthma treatment to the multivariate analysis
model, the adjusted OR values for zinc intake and
asthma in Q4 (�12.15 mg/day) were 0.3 (95%CI:
0.11–0.84, p ¼ 0.022) compared to the lowest zinc
intake group Q1(�5.96 mg/day), which means that
dietary zinc intake is still inversely associated with
asthma (Supplementary Material, Table S5).
DISCUSSION

In this cross-sectional analysis, an inverse asso-
ciation between dietary zinc intake and asthma in
the overweight or obese pediatric population was
observed. Further scrutiny through stratified and
sensitivity analyses unveiled a substantial and
robust correlation between dietary zinc intake and
asthma in overweight or obese children and
adolescents.
Compared to children who are of a healthy
weight, those who are overweight or obese have a
greater chance of developing asthma.6 Besides,
these children tend to be more severely ill and
potentially less likely to respond to inhaled
corticosteroids, resulting in a poorer quality of
life.26 Thus, it is important to look for ways to
improve symptoms in obese or overweight
asthmatics.

Several studies have investigated the correlation
between zinc levels and asthma at varying stages
of life, ranging from fetal to adulthood. Neverthe-
less, consistent conclusions have not been reached
in these studies, with most focusing on zinc levels
in body fluids instead of dietary zinc intake. Previ-
ous research has indicated that individuals with
asthma tend to have lower serum zinc levels
compared to those without the condition.12,27,28

Additionally, asthmatics with low serum zinc
levels appear to have a higher likelihood of
experiencing wheezing symptoms and have
worse lung function.29 Sanguansak et al found a
significant reduction in asthma severity in the first
48 h after hospital admission when children with
acute asthma were treated with zinc bis-glycinate
from admission to discharge.30 Ghaffari et al
reported that supplementation with 50 mg/day of
zinc was associated with significant improvement
in clinical symptoms and lung function in zinc-
deficient children with moderate asthma.31 In a
British case-control study, no association was
discovered between severe asthma and micro-
nutrient deficiencies, including zinc.16 It is
important to note that, in contrast to our study,
the study population in this investigation
consisted of British adults. Additionally, while
investigating the association between zinc and
asthma, potential confounders that might have
contributed were not taken into account,
potentially yielding different findings than in our
study. Unlike these previous studies, our study



Quartile
ORa (95% CIb)

No. n(%) Crude p-
Value Model 1 p-

Value Model 2 p-
Value Model 3 p-

Value

Zinc intake
(mg/day)

Qc1(�5.68) 1141 933
(81.8)

1(Ref) 1(Ref) 1(Ref) 1(Ref)

Qc2(5.69w8.36) 1156 916
(79.2)

0.85
(0.69w1.05)

0.126 0.84
(0.68w1.03)

0.097 0.79 (0.64w0.99) 0.037 0.78 (0.62w0.98) 0.03

Qc3(8.37w11.95) 1147 904
(78.8)

0.83
(0.67w1.02)

0.076 0.8 (0.65w0.99) 0.041 0.79 (0.63w0.98) 0.032 0.76 (0.6w0.98) 0.032

Qc4(�11.96) 1153 881
(76.4)

0.72
(0.59w0.88)

0.002 0.76
(0.62w0.93)

0.009 0.74 (0.6w0.92) 0.007 0.71 (0.53w0.95) 0.022

Trend. test 4597 0.002 0.01 0.012 0.03

Table 3. Association between dietary zinc intake and asthma. Model 1 was adjusted for age, sex, race and ethnicity, PIR; Model 2 was adjusted for Model 1þfamily asthma, second-hand smoking, EOPC,
WBC, HGB; Model 3 was adjusted for Model 2þcalorie consumption, protein consumption, carbohydrate consumption, sugar consumption, fiber consumption, fat consumption. aOdds ratio. bConfidence interval.
cQuartiles based on dietary zinc consumption
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evaluated the relationship between dietary zinc
intake and asthma, with a focus on children
and adolescents who were overweight or obese.
In addition, our study has examined a much
larger population. The study demonstrated that
increased dietary zinc intake correlates with a
reduced risk of asthma (OR: 0.71; 95% CI: 0.53–
0.95). This correlation remained significant after
adjusting for age, sex, race and ethnicity, PIR,
family asthma, second-hand smoking, EOPC,
WBC, HGB, as well as intake of calorie, protein,
carbohydrate, sugar, fiber, and fat. It is necessary
to do more prospective research and multicenter
randomized controlled trials in the future to
examine the impact of zinc consumption on
asthma in children and adolescents who are
overweight or obese. Nuts, nutritious grains,
poultry, seafood such as shellfish, and red meat
are among the foods high in zinc.32

Our findings align with existing research, even if
the precise mechanisms by which zinc influences
asthma in overweight or obese individuals remain
incompletely known. Zinc, recognized for its anti-
oxidant properties, contributes to diminishing
oxidative stress through a variety of mechanisms. It
suppresses the generation of reactive oxygen
species by impeding pro-oxidant enzymes such as



Fig. 3 Forest plot of multivariable logistics analysis between dietary
zinc and asthma. Except for the stratification component itself,
each stratification factor was adjusted for age, sex, race and
ethnicity, PIR, WBC, EOPC, HGB, family asthma, second-hand
smoking, calorie consumption, protein consumption, carbohydrate
consumption, sugar consumption, fiber consumption, fat
consumption.

12 Cheng et al. World Allergy Organization Journal (2024) 17:100900
http://doi.org/10.1016/j.waojou.2024.100900
NADPH oxidase and iNOS. Additionally, zinc acti-
vates antioxidant enzymes, including those related
to glutathione, as well as catalase and superoxide
dismutase.11,33 Zinc also has immunomodulatory
and anti-inflammatory effects. These effects are
exerted primarily by maintaining the proper bal-
ance of Th1/Th2 cells and inhibiting the nuclear
factor-kappa B pathway, a central regulator of
inflammation. By doing so, zinc may attenuate the
release of pro-inflammatory cytokines, such as
interleukin-6 and tumor necrosis factor-alpha.34–36

In the case of asthma, which is acknowledged as a
long-term inflammatory respiratory disease, the
main feature is the excessive production of pro-
inflammatory cytokines.37 Similarly, obesity and
overweight conditions are associated with a state
of chronic low-grade inflammation, involving the
release of pro-inflammatory cytokines from adi-
pose tissue.26 Furthermore, a lack of zinc makes
the airway epithelium highly vulnerable to
damage and cell apoptosis both in laboratory
settings38 and in living organism,39 and, as a
result, aggravates airway inflammation.40 In
conclusion, this multifaceted role of zinc in
mitigating oxidative stress, modulating immune
response, and an-inflammatory effects highlight
its potential as a therapeutic target for alleviating
symptoms in overweight or obese asthmatics.
Strengths and limitations

Our study boasts several strengths, foremost
among them being the utilization of data from
multiple survey cycles. This approach contributes
to a substantial sample size, enhancing the statis-
tical power and generalizability of our findings.
Another notable strength is our specific focus on
the overweight or obese population. This targeted
approach allows for a more nuanced examination
of the relationship between our variables within
this demographic, providing valuable insights that
may have particular relevance to this subgroup.
Furthermore, our study employed a diverse set of
statistical methods, including multivariate logistic
regression and stratified analysis. This methodo-
logical diversity enhances the comprehensiveness
of our analysis, enabling a thorough examination
of the association between zinc intake and asthma.
Nevertheless, it is essential to acknowledge certain

https://doi.org/10.1016/j.waojou.2024.100900
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limitations within our study. First, although
rigorous statistical procedures were implemented,
it is important to note that potential residual con-
founding effects may still exist. For example, data
related to allergens, specific asthma-control med-
ications, and asthma endotypes were not included
in the 2011–2020 NHANES database and may
have an impact on the results. Second, the 24-h
recall technique imposed inherent limitations that
hindered the reliability and validity of the nutri-
tional assessment. Third, the self-proclaimed
diagnosis of asthma may affect the reliability.
However, during the interview process, the inter-
viewer emphasized to the participant that self-
diagnosed asthma or asthma diagnosed by
someone other than a doctor or health profes-
sional was not acceptable,41 which greatly ensures
the accuracy of asthma diagnosis. Fourth, since the
study population in this research was overweight
or obese children and adolescents, the diagnosis
of asthma in this population may be due to
respiratory-related issues caused by obesity itself
rather than asthma. Furthermore, as asthma and
food allergies may often coincide,42 and since
zinc-rich foods like nuts and seafood are com-
mon allergens, the lower dietary zinc intake
observed in this study may be an attempt to avoid
allergens. In addition, because of the limitations of
the NHANES database, which does not provide
data on the progression of asthma, we were un-
able to further assess the relationship between zinc
intake and asthma. Finally, the cross-sectional
design of the study also prevents the establish-
ment of causal inferences. Future large-scale
prospective cohort studies and multicenter ran-
domized controlled trials are needed to investi-
gate the cause-and-effect relationship between
dietary zinc intake and asthma in overweight or
obese children and adolescents.
CONCLUSIONS

This study revealed an inverse association be-
tween dietary zinc intake and asthma in overweight
or obese US pediatric populations. Our findings
suggest the potential significance of zinc as a
crucial nutrient with implications for asthma.
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