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Objective: This study aimed to examine the correlation between selenium 
intake and lung function in asthmatic people.

Methods: A total of 4,541 individuals in the US National Health and Nutrition 
Examination Survey (NHANES) were included in this study. Multivariate linear 
regression, variance inflation factor, restricted cubic splines and quantile 
regression were used to analyze the relationship between Se intake and lung 
function. We  divided selenium intake into four levels based on quartiles: Q1: 
Se  ≤  76.75 mcg/d; Q2: 76.75–105.1 mcg/d; Q3: 105.1–137.65 mcg/d; and Q4: 
Se ≥137.65 mcg/d.

Results: Asthma was negatively associated with the Ratio of Forced Expiratory 
Volume 1st Second to Forced Vital Capacity (FEV1/FVC) (β  =  −0.04, 95% CI: −0.06 
to −0.02) and FEV1 (β  =  −215, 95% CI: −340 to −90). Se intake was positively 
associated with Forced Expiratory Volume 1st Second (FEV1) (β =3.30 95% CI: 
2.60 to 4.00) and Forced Vital Capacity (FVC) (β =4.30, 95% CI: 3.50 to 5.10). In 
asthmatic individuals, the positive effects of Se intake on FVC were enhanced 
with increasing Se intake, while the positive effects of Se intake on FEV1 varied 
less dramatically. High Se intake (Q4 level, above 137.65 mcg/d) improved FVC 
(β  =  353, 95% CI: 80 to 626) and FEV1 (β  =  543, 95% CI: 118 to 969) in asthmatic 
patients compared to low Se intake (Q1 level, below 76.75 mcg/d). At the Q2 
level (76.75–105.1 mcg/d) and Q4 level (Se ≥137.65 mcg/d) of Se intake, the 
correlation between FEV1 and asthma disappeared.

Conclusion: Our research has revealed a positive correlation between selenium 
intake and lung function in asthma patients and the strength of this positive 
correlation is related to the amount of selenium intake. We  recommend that 
asthma patients consume 137.65 mcg to 200 mcg of selenium daily to improve 
pulmonary function while avoiding the adverse effects of selenium on the 
human body.

KEYWORDS

NHANES (National Health and nutrition examination survey), asthma, lung function, 
cross-sectional study, selenium intake

OPEN ACCESS

EDITED BY

Owen Kelly,  
Sam Houston State University, United States

REVIEWED BY

Olusola Oladipo,  
National Veterinary Research Institute, Vom, 
Nigeria
Giulia Barchielli,  
University of Florence, Italy

*CORRESPONDENCE

Jilei Lin  
 jilei_lin@163.com  

Jiande Chen  
 250464447@qq.com  

Yong Yin  
 yinyong9999@163.com

†These authors share first authorship

RECEIVED 27 December 2023
ACCEPTED 01 May 2024
PUBLISHED 17 May 2024

CITATION

Jiang H, Yang G, Chen J, Yuan S, Wu J, 
Zhang J, Zhang L, Yuan J, Lin J, Chen J and 
Yin Y (2024) The correlation between 
selenium intake and lung function in 
asthmatic people: a cross-sectional study.
Front. Nutr. 11:1362119.
doi: 10.3389/fnut.2024.1362119

COPYRIGHT

© 2024 Jiang, Yang, Chen, Yuan, Wu, Zhang, 
Zhang, Yuan, Lin, Chen and Yin. 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.

TYPE Original Research
PUBLISHED 17 May 2024
DOI 10.3389/fnut.2024.1362119

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2024.1362119&domain=pdf&date_stamp=2024-05-17
https://www.frontiersin.org/articles/10.3389/fnut.2024.1362119/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1362119/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1362119/full
https://www.frontiersin.org/articles/10.3389/fnut.2024.1362119/full
mailto:jilei_lin@163.com
mailto:250464447@qq.com
mailto:yinyong9999@163.com
https://doi.org/10.3389/fnut.2024.1362119
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2024.1362119


Jiang et al. 10.3389/fnut.2024.1362119

Frontiers in Nutrition 02 frontiersin.org

1 Introduction

Asthma is an important global noncommunicable disease that has 
significant public health consequences for children and adults, 
including a high incidence rate and mortality of serious cases (1). 
Asthmatic patients usually have poor lung function, especially those 
with poor asthma control. Studies have shown that this may be related 
to oxidative stress (2). The oxidative stress markers raised in asthmatics 
correlate to disease severity and phenotype (3). In the lung, the 
exhaled breath condensate of asthmatic patients showed higher levels 
of some oxidative stress biomarkers, such as H2O2 and NO (4, 5). In 
blood, blood leukocytes from asthmatic patients were shown to 
produce higher O2●- levels and contain lower GSH levels and higher 
blood levels of protein carbonyls, lipid peroxides and nitrites/nitrates. 
Moreover, lower glutathione peroxidase activity and GSH 
concentration were shown in asthmatic patients (6–8). Therefore, 
intervening in oxidative stress in asthma patients seems to be one of 
the means to improve their lung function.

As an essential trace element, selenium (Se) is a core component 
of human glutathione peroxidase and is involved in the regulation of 
a variety of metabolic processes, including cell protection against 
oxidative stress (9, 10), redox signaling (11), immune response (12), 
and thyroid hormone metabolism (13, 14). Diet is the primary source 
of Se (15). Se deficiency affects one-seventh of the world’s population 
(15) and is associated with an increased risk of cancer (16), 
neurodegenerative diseases (17–19), and thyroid dysfunction (20, 21). 
In animal experiments, oxidative stress induced by Se deficiency could 
lead to inflammation, apoptosis, necroptosis, and fibrosis in the lungs 
of mice and calves (22, 23). Experimental studies have shown that Se 
can control allergic mediators and symptoms in rhinitis and asthma 
and reduce pulmonary inflammation and airway mucus secretion, 
helping to open obstructed bronchi in mice (24).

However, thus far, epidemiological evidence about the protective 
role of Se on abnormal pulmonary function in asthma patients is 
still limited.

Therefore, this paper aims to explore the potential interaction 
between Se and asthma on lung function.

2 Methods

2.1 Data source

Our study analyzed data from the National Health and Nutrition 
Survey (NHANES), which collected information representative of the 
civilian noninstitutionalized population in the United  States to 
investigate the prevalence of major diseases and identify risk factors 
for diseases. The NHANES study was approved by the National Center 
for Health Statistics Institutional Review Board, and all participants 
provided written informed consent. The data used in this study were 
limited to three consecutive cycles from 2007 to 2012 because 
we  needed complete exposure and outcome data. We  included 
individuals with complete information on the needed variables in 
these cycles.

A total of 30,442 participants were included in the NHANES 
during 2007–2012. For this cross-sectional analysis, we excluded 
the following participants: (1) missing data on Se intake (n = 6,966), 
(2) unqualified data on lung function (specific standards can 

be found in Section 2.3) (n = 10,392), (3) incomplete data on asthma 
(n = 0), and (4) incomplete data on covariates (n = 8,543). As a 
result, 4,541 participants were eventually enrolled in the present 
study (Figure 1).

2.2 Se intake

In each NHANES cycle, participants provided detailed dietary 
intake information for two 24-h periods, which were then used to 
estimate intakes of energy, nutrients, and other food components. The 
first dietary recall was collected in person during the NHANES visit, 
while the second was collected by telephone 3 to 10 days later. For 
these analyses, total estimated Se intake (micrograms, mcg) was 
averaged over the two recall periods. Se levels were categorized into 
high (Se+) and low (Se−) according to the medians of the distribution 
(105.1 mcg).

2.3 Lung function

Survey participants aged 6 to 79 years were eligible for the 
spirometry component. Specific exclusion criteria that were employed 
for baseline spirometry included criteria employed in earlier NHANES 
spirometry surveys. Excluded from testing were examinees who had 
current chest pain or a physical problem with forceful expiration, were 
taking supplemental oxygen, had recent surgery of the eye, chest or 
abdomen, had a recent heart attack, stroke, tuberculosis exposure or 
had recently coughed up blood. Adults with a personal history of 
detached retina or a collapsed lung and children with painful ear 
infections were also excluded. Lung function was measured by Ohio 
822/827 dry-rolling seal volume spirometers. Spirometry was 
performed in the standing position unless the participant was 
physically impaired. The participant was asked to elevate the chin and 
extend the neck slightly and place a nose clip on his or her nose during 
testing, the latter to prevent air leaks. He/she was then instructed to 
perform a series of maximal forced expiratory maneuvers. In each 
maneuver, the participant took the deepest breath possible to fill the 
lungs with air, then put the mouthpiece into his/her mouth making a 
tight seal and then blew the air out as hard and fast as possible. 
Participants aged 6–10 years were asked to blow out the air for a 
minimum of 3 s of exhalation, whereas those aged 11–79 years were 
asked to blow out the air for a minimum of 6 s of exhalation. We used 
forced vital capacity (FVC), forced expiratory volume 1st second 
(FEV1) and the ratio of FEV1 to FVC to analyze the effects of Se intake 
and asthma on pulmonary function.

2.4 With or without current asthma

Current physician-diagnosed asthma (hereafter referred to as 
“current asthma”) was defined by a positive answer to the following 
questions: “Do you still have asthma?.” If the respondent answered 
“yes” to this question, she/he was classified as a participant with 
current asthma. If not, s/he was classified as a participant without 
current asthma. The asthma-Se patterns were divided into four 
categories: without current asthma and low Se intake (Asthma− Se−), 
without current asthma and high Se intake (Asthma− Se+), with 
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current asthma and low Se intake (Asthma+ Se−) and with current 
asthma and high Se intake (Asthma+ Se+).

2.5 Covariates

Based on previous studies related to lung function, we used the 
following variables as covariates (25). Sociodemographic 
characteristics were collected using the sample person and family 
demographics questionnaires, including age, sex, race, ratio of family 
income to poverty (PIR) and education level. We  dichotomized 
educational attainment into three levels, including less than a high 
school degree, high school grade/GED or some college/AA degree and 
college graduate or above. Body mass index (BMI) was calculated as 
weight (kg) divided by the square of height in (m). Triglycerides in 
blood, hemoglobin, high-density cholesterol (HDL) and urinary 
creatinine were measured using the Roche Modular P chemistry 
analyzer. Smoking status was defined as never smokers (<100 
cigarettes in a lifetime), ever smokers (>100 cigarettes in a lifetime, 
now not smoking at all), and current smokers (>100 cigarettes in a 
lifetime, some days or every day).

2.6 Statistical analysis

All statistical analyses were performed in R (version 4.3.1) 
software. Participants were characterized according to the quartiles of 
Se intake, with means (standard deviations) for continuous variables 
and percentages for categorical variables. Baseline characteristics were 

compared across Se intake quartiles using chi-square tests, ANOVA 
and Wilcoxon rank-sum tests depending on the nature of the data. To 
assess the association among asthma, Se intake and pulmonary 
function, we conducted univariate and multivariate linear regression 
models, including the unadjusted model (model 1) and fully adjusted 
model (model 2, age, race, PIR, education levels, triglycerides, smoking 
status, BMI, ASBP, ADBP, urinary creatinine, high-density cholesterol 
(HDL), and hemoglobin), to reduce the impact of confounding factors. 
The variance inflation factor (VIF) was used to test for multicollinearity 
between variables. To explore the role of Se intake in the relationship 
between asthma and pulmonary function, multivariable linear 
regressions and restricted cubic splines (from the R package “rms”) 
with four default knots based on sample size were performed across Se 
intake. We also used quantile regression to assess the relationship 
among asthma, Se intake and pulmonary function. Finally, we used 
linear regression to investigate whether the difference in lung function 
between participants with current asthma and participants without 
current asthma disappeared under different selenium intake levels.

3 Results

3.1 Baseline characteristics

Table  1 shows the baseline characteristics of the total 
population and participants by asthma status. Participants in the 
asthma+ group were more likely to be non-Hispanic but had high 
levels of hemoglobin. These participants also tended to have higher 
levels of Se intake. Most importantly, we observed that asthmatic 

FIGURE 1

Flowchart of the sample selection from NHANES 2007–2012.
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participants had poor FEV1, FVC and FEV1/FVC. We found that 
all participants were older than 20 years. No other significant 
differences were observed in the results.

3.2 The differences in FEV1, FVC and FEV1/
FVC in the patterns of asthma-Se

The differences in FEV1, FVC and FEV1/FVC in the patterns of 
asthma-Se are shown in Figure 2. The asthma-Se+ group had the highest 
FEV1, FVC and FEV1/FVC, whereas the lowest FEV1 and FVC was 
observed in the asthma+ Se− group. Furthermore, we found that the 
FEV1, FVC and FEV1/FVC in the asthma+ Se+ group were higher than 

those in the asthma+ Se-group. Asthma− Se + and asthma− Se − groups 
showed similar outcomes. All results are significant (p < 0.05).

3.3 Associations of Se intake and lung 
function in participants with different 
asthma statuses

In the unadjusted model (model 1), Se was positively associated 
with FEV1 (β = 6.30, 95% CI: 5.50 to 7.10) and FVC (β = 7.80, 95% CI: 
6.70 to 8.70), while asthma was negatively associated with FE1 
(β = −255, 95% CI: −421 to −89) and FEV1/FVC (β = −0.04, 95% CI: 
−0.06 to −0.03). In the adjusted model (model 2), we found that the 

TABLE 1 Baseline characteristics stratified by asthma status.

Characteristic N1 Asthma p Value3

Overall, N =  4,541 
(100%)2

Without current asthma 
N =  4,212 (92%)2

With current asthma 
N =  329 (8.0%)2

Age (years) 4,541 45.0 (32.0, 57.0) 45.0 (32.0, 57.0) 43.0 (30.0, 58.0) 0.6

BMI (kg/m2) 4,541 28 (24, 32) 27 (24, 32) 29 (24, 34) 0.12

Race 4,541 0.009

  Mexican American 728 (8.1%) 704 (8.5%) 24 (3.7%)

  Other Hispanic 467 (5.3%) 445 (5.4%) 22 (3.4%)

  Non-Hispanic 3,182 (83%) 2,912 (82%) 270 (89%)

  Other Race-Including Multi-Racia 164 (4.0%) 151 (4.1%) 13 (3.9%)

Gender 4,541 0.089

  Male 2,225 (49%) 2,099 (50%) 126 (43%)

  Female 2,316 (51%) 2,113 (50%) 203 (57%)

Family income to poverty 4,541 3.13 (1.45, 5.00) 3.16 (1.51, 5.00) 2.48 (1.10, 4.97) 0.15

Education level 4,541 0.9

  Less than high school degree 1,066 (15%) 997 (15%) 69 (17%)

  High school grad/GED or some 

college/AA degree
2,326 (52%) 2,151 (52%) 175 (50%)

  College graduate or above 1,149 (33%) 1,064 (33%) 85 (34%)

Triglyceride (mmol/L) 4,541 1.22 (0.87, 1.73) 1.23 (0.86, 1.73) 1.21 (0.92, 1.73) 0.6

Smoke 4,541 0.091

  Never smokers 2,516 (55%) 2,348 (55%) 168 (48%)

  Ever smokers 1,088 (25%) 1,009 (25%) 79 (25%)

  Current smokers 937 (20%) 855 (20%) 82 (27%)

Hemoglobin (g/dL) 4,541 14.40 (13.50, 15.40) 14.40 (13.50, 15.40) 14.10 (13.10, 15.10) 0.016

Creatinine, urine (umol/L) 4,541 112 (65, 166) 113 (65, 166) 104 (61, 168) 0.5

HDL (mg/dL) 4,541 51 (43, 62) 51 (43, 62) 51 (40, 61) 0.3

ASBP (mmHg) 4,541 118 (110, 128) 118 (110, 128) 120 (110, 130) 0.5

ADBP (mmHg) 4,541 70 (64, 78) 70 (64, 78) 70 (62, 76) 0.3

FEV1 4,541 3,170 (2,591, 3,852) 3,192 (2,602, 3,870) 2,927 (2,438, 3,519) <0.001

FVC 4,541 4,048 (3,356, 4,906) 4,064 (3,364, 4,928) 3,906 (3,147, 4,565) 0.024

FEV1/FVC 4,541 0.79 (0.74, 0.83) 0.79 (0.74, 0.83) 0.75 (0.69, 0.81) <0.001

Se intake(mcg/d) 4,541 109 (81, 143) 110 (82, 143) 92 (71, 130) 0.001

1N not Missing (unweighted).
2Median (IQR) for continuous; n (%) for categorical.
3Wilcoxon rank-sum test for complex survey samples; chi-squared test with Rao & Scott’s second-order correction.  
The bold values signify significant statistical differences (p < 0.05).
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FIGURE 2

The distributions of lung function in different combinations of asthma and Se intake.
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positive association of Se with FEV1 and FVC was still significant, and 
an inverse association among asthma, FEV1 and FEV1/FVC also 
existed. The adjusted model indicated that every 1-unit increase in Se 
intake, FEV1 and FVC increased 3.30 mL (95% CI: 2.60 to 4.00) and 
4.30 mL (95% CI: 3.50 to 5.10), respectively. Furthermore, participants 
with current asthma had decreased lung function compared to those 
without current asthma (FEV1/FVC: β = −0.04, 95% CI: −0.06 to 
−0.02; FEV1: β = −215, 95% CI: −340 to −90). Multicollinearity was 
not present for all variables (variance inflation factor, VIF < 5) 
(Table 2).

The restricted cubic spline visualized the associations among 
asthma, Se intake and lung function (Figure 3). In the asthma 
group (Figures 3A–C), the intake of selenium was correlated with 
FEV1, FVC, and FEV1/FVC (P for Se < 0.05), and this correlation 
was nonlinear (P-nonlinear <0.05). Se intake was positively 
correlated with FEV1 (Figure 3B) and FVC (Figure 3C) when it 
was approximately higher than 100 mcg. Moreover, this positive 
effect increased with increasing intake of Se. In contrast, when the 
intake of Se was approximately lower than 100 mcg, Se intake was 
negatively correlated with FEV1 (Figure 3B) and FVC (Figure 3C). 
This positive effect decreased with increasing intake of Se. In the 
asthma+ group, the intake of selenium was associated with FEV1 
(Figure  3E) and FVC (Figure  3F) (P for Se < 0.05), but this 
association was linear (P-nonlinear >0.05). Similarly, Se intake 
was positively correlated with FEV1 (Figure  3E) and FVC 
(Figure 3F), when the intake of Se was approximately higher than 
100 mcg.

3.4 Effects of different levels of selenium 
intake on lung function in participants with 
current asthma

Decimal quantile regression was used to assess the effects of 
different levels of Se intake on lung function (Figure 4A). We found that 
in the asthma+ group, the positive effects of Se intake on FEV1 

(Figure 4B) were significant for all percentiles and were rarely affected 
by the intake of Se. (The β of Se intake did not vary significantly with Se 
intake). However, the positive effects of Se intake on FVC (Figure 4C) 
were enhanced with the increase in Se intake and were significant for all 
percentiles except the 30th percentile and 70th percentile (the β of Se 
intake increased with increasing Se intake). The greatest positive effects 
were found in the 90th percentile of Se intake. We did not find any 
significant association between FEV1/FVC and Se intake for all 
percentiles. Next, to investigate the effects of different intakes of 
selenium on lung function in the asthma+ group, we classified selenium 
intake by quartile and performed multiple linear regression in the 
asthma+ group (Figure 5). Q1 was used as a reference. The FVC and 
FEV1 of participants with Q4 intake increased 353 mL (95% CI: 80 to 
625) and 543 mL (95% CI: 118 to 969), respectively, relative to Q1 
intake. Other results were not significant.

We used multiple linear regression to investigate whether the 
associations between asthma and lung function were still significant 
at different Se levels (Figure  6). The asthma group was used as a 
reference. We  found that at the Q2 and Q4 levels, the correlation 
between FEV1 and asthma disappeared. In addition, asthma had the 
greatest adverse effect on FEV1/FVC at the Q2 level. In summary, 
maintaining Se intake at Q4 levels had the best beneficial impact on 
FEV1 and FVC.

3.5 Subgroup analysis

To verify whether the results of this study were robust, 
we conducted subgroup analysis based on demographic stratification 
(Table  3). Q4 levels of Se intake improved the FEV1 and FVC in 
participants older than 40 years. Similar results were observed in the 
male and non-Hispanic groups. This effect was not significant in the 
20- to 40-year-old, female, Mexican American and other Hispanic 
groups. In other race groups, the data were not enough to analyze the 
relationship. No significant interaction was observed in any of 
the groups.

TABLE 2 Associations among asthma, Se and lung function using general linear regression.

Outcomes Model 1 (Unadjusted) Model 2 (Adjusted)

β(95% CI) p value VIF β(95% CI) p value VIF

FEV1/FVC

Without current asthma Reference (−) Reference (−)

With current asthma −0.04 (−0.06, −0.03) <0.001 1.02 −0.04 (−0.06, −0.02) <0.001 2.06

Se 0.00 (0.00, 0.00) 0.600 1.020 0.00 (0.00, 0.00) 0.741 2.260

FEV1

Without current asthma Reference (−) Reference (−)

With current asthma −255 (−421, −89) 0.002 1.01 −215 (−340, −90) <0.001 3.14

Se 6.30 (5.50, 7.10) <0.001 1.01 3.30 (2.60, 4.00) <0.001 2.37

FVC

Without current asthma Reference (−) Reference (−)

With current asthma −128 (−302, 46) 0.144 1.02 −69 (−203, 68) 0.312 3.12

Se 7.80 (6.70, 8.70) <0.001 1.02 4.30 (3.50, 5.10) <0.001 2.21

Covariates in model 2 included age, race, PIR, education levels, triglyceride, smoking status, BMI, ASBP, ADBP, urinary creatinine, high-density cholesterol (HDL), hemoglobin.
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4 Discussion

Asthma is a recognized critical risk factor for lung health. This study 
undertook the validation of a negative association between asthma and 
lung function parameters, specifically FEV1 (forced expiratory volume 
in 1 s) and FEV1/FVC (FEV1 to forced vital capacity ratio). Additionally, 
our findings revealed a positive association between Se intake and lung 
function parameters (FEV1 and FVC). Furthermore, within the 
subgroup of asthmatic patients, our investigation demonstrated a dose-
dependent positive effect of selenium intake on FVC, with a more 
gradual effect observed on FEV1. Notably, individuals with high 
selenium intake (exceeding 137.65 mcg) exhibited enhanced lung 
function in comparison to those with low selenium intake (less than 
76.75 mcg). Maintaining selenium intake at the highest quartile level 
(exceeding 137.65 mcg) produced the most pronounced beneficial 
impact on FEV1 and FVC among asthmatic patients.

Our results exhibited robustness in the subset of participants aged 
over 40 years, males, and non-Hispanic individuals. However, it is 
essential to acknowledge that the limited sample size in the other three 
racial groups involved may render the results less credible. To provide 
additional context, two baseline tables, categorized by age 

(Supplementary Table S1) and gender (Supplementary Table S2), have 
been included. Notably, our analysis revealed a lower proportion of 
individuals reporting smoking (inclusive of past and current smokers) 
among women compared to men (Supplementary Table S2), and a 
similar trend was observed in participants under 40 years 
(Supplementary Table S1). It is worth noting that previous research 
has reported a link between smoking and oxidative stress in the lungs 
(26), which could account for the lack of statistical significance in 
certain subgroup analyses.

The relationship between asthma and Se is notably intricate. 
Numerous epidemiological studies have elucidated that asthma incidence, 
prevalence, or severity exhibits associations with reduced Se status (27–
29). For instance, in a study comprising 165 participants, researchers 
investigated Se and zinc (Zn) concentrations in fingernails of asthmatic 
children (30). Among children in the highest quartile of Se and Zn 
concentrations, there was a substantial fivefold reduction in the prevalence 
ratio of asthma, while those in the lowest Se range displayed an almost 
2.5-fold increase in the asthma prevalence ratio. Nonetheless, it is 
important to acknowledge that several studies have failed to establish a 
definitive connection between asthma and Se. A large-scale, multiregional 
study involving 588 participants (including 12 asthmatic patients) 

FIGURE 3

Restricted cubic spline of the association of asthma and lung function. (A) Asthma− and FEV1/FVC; (B) Asthma− and FEV1; (C) Asthma− and FVC; 
(D) Asthma+ and FEV1/FVC; (E) Asthma+ and FEV1; (F) Asthma+ and FVC; Red line and blue transparent area represent smooth curve fit and 95% CI fit, 
respectively. Adjusted for age, sex, race, PIR, education levels, triglycerides, smoking status, BMI, ASBP, ADBP, urinary creatinine, high-density 
cholesterol (HDL), and hemoglobin.
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FIGURE 4

Decimal quantile regression of the association of asthma and lung function. (A) Asthma+ and FEV1/FVC; (B) Asthma+ and FEV1; (C) Asthma+ and FVC; 
Black line and gray transparent area represent smooth curve fit and 95% CI fit, respectively. Adjusted for age, sex, race, PIR, education levels, 
triglycerides, smoking status, BMI, ASBP, ADBP, urinary creatinine, high-density cholesterol (HDL), and hemoglobin.
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FIGURE 5

Associations between lung function and Se (divided into Q1, Q2, Q3 and Q4 according to quartiles, Q1: Se  ≤  76.75 mcg/d; Q2: 76.75–105.1 mcg/d; Q3: 
105.1–137.65 mcg/d; Q4: Se ≥137.65 mcg/d). Adjusted for age, sex, race, PIR, education levels, triglycerides, smoking status, BMI, ASBP, ADBP, urinary 
creatinine, high-density cholesterol (HDL), and hemoglobin.

FIGURE 6

Stratified analysis of associations between asthma and lung function according to the quartiles of Se (divided into Q1, Q2, Q3 and Q4 according to 
quartiles, Q1: Se  ≤  76.75  mg; Q2: 76.75–105.1  mg; Q3: 105.1–137.65  mg; Q4: Se ≥137.65  mg). Adjusted for age, sex, race, PIR, education levels, 
triglycerides, smoking status, BMI, ASBP, ADBP, urinary creatinine, high-density cholesterol (HDL), and hemoglobin.
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conducted within the Global Allergy and Asthma European Network 
(GA2LEN) analyzed asthma prevalence and severity data from 14 centers 
across Europe and reported no significant association between serum Se 
concentration and asthma levels (31). Furthermore, an experimental 
study revealed that increased Se intake may mitigate oxidative stress in the 
lungs while simultaneously enhancing immune responses to allergens by 
augmenting T helper (Th) responses in mice (32).

According to previous studies, Se may improve the lung function 
of asthmatic patients through several possible mechanisms. First, Th2 
cells produce IL-4, IL-5, and IL-13, which promote allergic asthma 
(33), and higher Se intake skews differentiation toward Th1/Treg and 
away from Th2 phenotypes (34). Second, Se acts through antioxidant 
selenoproteins (especially through glutathione peroxidase (GPX), the 
best-known member of the selenoprotein family) that reduce oxidative 
stress in the lungs, as well as the organism in general, to reduce the 
burden of asthma-associated airway inflammation.

Although Se intake is positively correlated with pulmonary 
function in asthmatic patients, long-term exposure to high 
concentrations of environmental Se has been shown to be a high-risk 
factor for human health. Human Se overdose can lead to selenium 
poisoning (35, 36), which, although very rare, may cause amyotrophic 

lateral sclerosis (37) irrespective of race or ethnicity (38–40). 
Mechanistically, cellular exposure to high doses of selenium can lead 
to increased intracellular ROS, which are considered the primary 
mediators of selenium-induced cytotoxicity (41). Although Se is 
generally regarded as an essential factor for antioxidant enzyme 
production, chemically, it can react with essential thiol groups to form 
intramolecular disulfide bonds (S-Se), or cysteine residues residing in 
substrates (42) and indirectly generate ROS. The enhanced oxidative 
cellular environment may lead to DNA damage and genomic 
instability, initiating cell apoptosis (43, 44). Thus, oxidative stress 
related to selenium toxicity may result in impaired immune function, 
cytotoxicity, genotoxicity, and carcinogenic effects (45–47). Excessive 
selenium intake can be fatal and based on previous studies, an intake 
of less than 200 mcg/day is deemed appropriate (48).

First, it is worth noting that our study incorporated a substantial 
sample size, which is expected to enhance the reliability of our results. 
Furthermore, we  conducted an in-depth investigation into the 
relationship between selenium and lung function in asthma patients 
across different levels of selenium intake, a relatively rare approach in 
prior research. Additionally, we examined the most effective selenium 
intake for improving lung function in asthma patients. Finally, 

TABLE 3 Association between FEV1, FVC and Se intake in asthmatic participants.

Group β (Q4 to Q1) 95%CI p value

Age

20–40 (N = 132) FEV1 155 (−190, 500) 0.38

FVC 142 (−260, 545) 0.49

40–60 (N = 117) FEV1 383 (29, 738) 0.037 **

FVC 549 (108, 991) 0.017 **

60–80 and above (N = 80) FEV1 524 (54, 993) 0.032 **

FVC 715 (123, 1,306) 0.021 **

Interaction FEV1 / / >0.05

FVC / / >0.05

Gender

Male (N = 126) FEV1 407 (−34, 849) 0.073 *

FVC 579 (50, 1,108) 0.034 **

Female (N = 203) FEV1 214 (−65, 492) 0.134

FVC 159 (−157, 475) 0.326

Interaction FEV1 / / >0.05

FVC / / >0.05

Race

Non-Hispanic (N = 270) FEV1 548 (300, 796) <0.001 ***

FVC 669 (366, 972) 0.014 **

Mexican American (N = 24) FEV1 354 (−221, 930) 0.256

FVC 452 (−316, 1,220) 0.276

Other Hispanic (N = 22) FEV1 −1826 (−4,396, 744) 0.201

FVC −1818 (−4,696, 1,009) 0.243

Other Race-Including Multi-Rucia (N = 13) The data was not enough to analyze the relationship

Interaction FEV1 / / >0.05

FVC / / >0.05

The association among FEV1, FVC and Se intake in participants with current asthma.
Covariates included PIR, education levels, triglyceride, smoking status, BMI, ASBP, ADBP, urinary creatinine, high-density cholesterol (HDL), hemoglobin. *(0.05 < p < 0.1) **(0.01 < p < 0.05) 
***(p < 0.01).
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we  validated the stability of our results in various subgroups of the 
population and provided potential explanations for the lack of significant 
findings in certain groups. These comprehensive steps are expected to 
contribute to a more nuanced understanding of our academic research.

As a cross-sectional study, it is important to acknowledge that our 
results may not carry the same level of conviction as randomized 
controlled trials and cohort studies. Consequently, further randomized 
controlled trials and cohort studies may be necessary to elucidate the 
relationship between selenium (Se) intake and asthma more definitively. 
Additionally, we excluded a significant number of participants due to 
missing data, which could impact the credibility of our conclusions. It is 
worth noting that there exists a certain degree of data bias in the NHANES 
database, which could introduce interference with our experimental 
results. Finally, it should be  acknowledged that some covariates 
influencing Se and asthma might not have been included in our model.

5 Conclusion

In summary, asthma exhibited a significant inverse association 
with lung function, while Se intake had a positive effect on lung 
function. In addition, we found that moderate Se could improve the 
lung function of asthmatic patients. Our findings suggest that 
we should increase the detection of pulmonary function in asthmatic 
patients and that supplementation with moderate doses of Se may help 
prevent lung function. Based on the findings of this study and previous 
research, we recommend that asthma patients consume 137.65 mcg 
to 200 mcg of selenium daily to improve pulmonary function while 
avoiding the adverse effects of selenium on the human body.
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