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Introduction: Several studies have demonstrated that vitamin E intake is negatively associated with the development of several diseases, but the relationship between vitamin E intake and COPD in different groups of people is not clear. The aim was to investigate the relationship between vitamin E intake and COPD in different groups of people.

Methods: This study used data from NHANES (National Health and Nutrition Examination Survey) from 2013–2018. A final total of 4,706 participants were included, univariate versus multivariate logistic regression and restricted cubic spline models adjusted for confounders were used to explore the relationship between vitamin E intake and COPD, and subgroup analyses were conducted to assess whether there are differences in the relationship between vitamin E intake and COPD in different populations or conditions.

Results: After adjusting for potential confounders, higher vitamin E intake showed a significant negative association with COPD [Model 1(unadjusted covariates, OR = 0.48;95% CI:0.33–0.70; p < 0.001), Model 2(adjusted for age, sex, and race, OR = 0.48;95% CI:0.31–0.73; p < 0.01), and Model 3(adjusted for all covariates, OR = 0.57;95% CI:0.36–0.91; p = 0.02)]. And a restricted cubic spline curve showed a significant negative correlation between vitamin E intake and COPD (p for nonlinear = 0.2036). In the subgroup analysis, we found a negative association between vitamin E intake and COPD in all subgroups as well.

Conclusion: After analyzing data based on the NHANES database from 2013–2018, the results showed that vitamin E intake among U.S. adults was well below the recommended levels and that higher vitamin E intake was negatively associated with COPD incidence.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is a lifelong respiratory disease that results in permanently impaired respiratory function from which there is no recovery (1). By 2030, COPD will rank as the third-leading global cause of death and the fourth-leading cause of death in the United States, according to the World Health Organization. The disease burden of COPD is expected to rise in the coming decades (2, 3). Its high prevalence, morbidity, and mortality pose a great challenge to the world’s healthcare systems and are a major global public health problem (4, 5). Therefore, the search for factors that can prevent and treat the development of COPD is extremely necessary. Several studies have shown that dietary factors are associated with the development of COPD, and the risk of COPD is positively associated with the intake of green tea, soy foods, and dietary fiber, and negatively associated with soda, coffee, and vitamin D intake (6–9). Vitamin E is a vitamin with an antioxidant function and one of its main functions is to prevent the peroxidation of lipid molecules. And since oxidative stress is one of the important features of COPD, vitamin E may be a factor in the prevention of COPD (10). In respiratory diseases, several cohort studies have revealed the benefits of vitamin E in reducing the risk of respiratory diseases such as asthma, lung cancer, and upper respiratory tract infections (11–13). A large, randomized trial showed that increased vitamin E intake significantly reduced the risk of developing chronic obstructive pulmonary disease in women (14). However, studies on the association between vitamin E and COPD disease prevalence in large samples of the US population are extremely limited and, as mentioned above, there are limitations in considering only females and not replicating the study across age groups, education levels, marital status, and ethnicity. Therefore, based on surveillance data from the National Health and Nutrition Examination Survey (NHANES) from 2013 to 2018, we carried out a significant cross-sectional study to investigate the relationship between vitamin E intake and COPD, considering various age groups, genders, educational levels, marital status, and ethnicity. We predicted that a higher intake of vitamin E would be linked to a decreased incidence of COPD.



2. Materials and methods


2.1. Study population

We obtained data from the NHANES database for the 2013–2018 survey cycle for the analysis of a cross-sectional study, and we excluded participants aged less than 20 years (N = 12,324). Individuals lacking information on chronic obstructive pulmonary disease (COPD) status with unreliable information (N = 11,294) were also excluded. In addition, participants with missing information on vitamin E intake (N = 722) were excluded, as were those with daily vitamin E intake above the mean + 3 SD or below the mean − 3 SD or missing diet weight (N = 335), resulting in a total of 4,706 participants being included in the final analysis (Figure 1). The National Health Statistics Research Ethics Review Board authorized the study protocol. Before the interview and assessment, each subject gave their free and informed consent. The National Health and Nutrition Examination Study is a cross-sectional population-based survey created to gather data on the health and nutrition of the population of American households (15). The Institutional Review Board of the Centers for Disease Control also gave its approval to the study protocol. All subjects included in the study provided written informed consent.
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FIGURE 1
 Flow chart of participant screening based on the NHANES database for the relationship between COPD and VE from 2013–2018. COPD: chronic obstructive pulmonary disease.




2.2. Definition of independent and dependent variables

By examining the medical status questionnaire from self-reported personal interview data on various health issues in children and adults supplied in the medical status portion of the NHANES database, we were able to determine the outcomes of the dependent variable. A computer-assisted personal interview (CAPI) technology was used by trained interviewers to conduct the questions at their homes. On the website of the National Institutes of Health, the surveys are accessible. When asked if a doctor or other healthcare provider had informed her or him that they had COPD. And numerous peer-reviewed studies have demonstrated the validity of the self-reported method for diagnosing COPD (16–19). When he or she answered yes, we considered him or her to have COPD. We collected detailed information on dietary intake from participants using the dietary interview section of the NHANES database. The first dietary recall interview was collected in person at the Mobile Examination Center (MEC), and this study defined the first 24-h vitamin E intake as the independent variable (20).



2.3. Covariates

A standard questionnaire was used to collect demographic information including age (20–40 years, 40–60 years, or older than 60 years), gender (male or female), race (Mexican American, non-Hispanic white, non-Hispanic black, or other race), marital status (married/cohabiting with a partner, widowed/divorced/separated, or never married), an education level (less than high school, high school or greater than high school). Other confounders included: Smoking was defined as consuming at least 100 cigarettes in a lifetime, and hypertension is defined as a mean systolic blood pressure greater than 140 mmHg or a mean diastolic blood pressure greater than 90 mmHg or a self-reported physician’s diagnosis (21, 22). Participants with fasting blood glucose levels above 126 mg/dL or 2-h blood glucose levels above 200 mg/dl (measured by oral glucose tolerance test) or treated with insulin or anti-diabetic medication were considered to have diabetes (23). BMI is calculated by dividing body weight (kg) by height squared (m2). Standard biochemical techniques were employed in the NHANES database to assess the amounts of total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), and glycated hemoglobin. The Laboratory Methods Documentation portion of the NHANES contains a thorough overview of the lab procedures performed. Random forest interpolation was performed for covariates with missing values (24).



2.4. Statistical analyses

NHANES uses a complex multistage probability sampling design and therefore uses appropriate weighting in our statistical analyses. In the baseline information, continuous variables were expressed as mean ± standard deviation, and categorical variables were expressed as percentages. Weighted ANOVA and weighted chi-square tests were used to compare between-group differences for continuous and categorical variables, respectively. Univariate logistic regression analysis and multivariate logistic regression analysis were used to explore the relationship between vitamin E intake and the incidence of COPD events. Dietary vitamin E intake was categorized into tertiles. To adjust for the effects of confounding factors, we performed model adjustments, Model 1: no adjustment, Model 2: adjusted for demographic information such as age, gender, and race, and Model 3: adjusted for information on all covariates (age, gender, race, marriage, education level, BMI, HDL, triglycerides, glycohemoglobin, LDL, smoking status, diabetes, hypertension, and vitamin E intake). We used a restricted cubic spline curve for describing the dose–response relationship between vitamin E intake and COPD and plotted dose–response curves to visualize the association between vitamin E intake and the incidence of COPD events. We also performed subgroup analyses (grouped by age, sex, race, marital status, education level, smoking status, hypertension, and diabetes). The aim was to discuss the stability of the association between vitamin E intake and the incidence of incident COPD in different subgroups, to discuss the interaction between different covariates by likelihood ratio tests, and to visualize the results as forest plots for subgroup analysis. We performed all analyses by using R version 4.21 (25–27).




3. Results


3.1. Baseline data characteristics

A total of 29,400 participants were enrolled in this study, and a total of 4,706 participants were recruited for this study, of whom 47.7% were female, 52.3% were male, 9.1% were Mexican American, 65.4% were non-Hispanic white, 11.3% were non-Hispanic black, and 14.3% were of other races. In addition, 62.1, 18.9, and 19.0% of participants were married/living with a partner, widowed/divorced/separated, and never married, respectively. In addition, 63.3% have a degree higher than high school, 21.9% had only a high school education, and 19.0 percent had an education below high school. In addition, 43.6% smoked, 14.1% had diabetes, and 40.1% had hypertension. A weighted population baseline table was derived based on the presence or absence of COPD (Table 1). The largest proportion of patients with COPD in this study was aged >60 years, 51.3% were male and 48.7% were female, and the proportion of non-Hispanic white (84.8%) was much higher than the rest of the population. For the factors of interest, we found a significantly higher intake of vitamin E in those without COPD (8.72 mg/day) than in those with COPD (7.10 mg/day).



TABLE 1 Baseline information, weighted.
[image: Table1]



3.2. Higher vitamin E intake is associated with a lower incidence of COPD events

We performed univariate logistic regression analysis, and the results are shown in Table 2. From Table 2 we can find that the second tertile (OR = 0.83; 95% CI, 0.46–1.50), and the highest tertile (OR = 0.48; 95% CI, 0.33–0.70) reduced COPD compared to the lowest tertile, in addition, Table 3 presents the results of multivariate logistic regression between vitamin E intake and COPD for model 1(unadjusted covariates, OR = 0.48;95% CI:0.33–0.70; p < 0.001), model 2(adjusted for age, sex, and race, OR = 0.48;95% CI:0.31–0.73; p < 0.01), and model 3(adjusted for all covariates, OR = 0.57;95% CI:0.36–0.91; p = 0.02). The highest tertile vitamin E intake was significantly negatively associated with COPD compared with the lowest tertile. Finally, we plotted the dose–response relationship between vitamin E intake and COPD events based on the restrictive cubic curve and found a strong linear relationship (p for nonlinear = 0.2036). We removed data defined as vitamin E intake that was 3 standard deviations from the mean, which effectively avoided the effect of extreme data on the statistical analysis. As shown in Figure 2, vitamin E intake was negatively associated with COPD events. In addition, we performed a subgroup analysis (Table 4) and visualized (Figure 3) the results indicating that the negative association between vitamin E intake and COPD incidence is robust. In conclusion, higher vitamin E intake was consistently and negatively associated with COPD events.



TABLE 2 Weighting the results of the one-way logistic regression analysis for the factors associated with COPD.
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TABLE 3 Results of multiple logistic regression analysis of the association between vitamin E intake and COPD, weighted.
[image: Table3]
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FIGURE 2
 Restricted cubic spline curve for describing the dose–response relationship between vitamin E intake and chronic obstructive pulmonary disease. The following confounding variables were adjusted for (age; sex; race; marital status; education level; BMI; HDL; total cholesterol; total triglycerides; smoking status; glycosylated hemoglobin level; diabetes mellitus; hypertension;).


[image: Figure 3]

FIGURE 3
 Forest plots for subgroup analysis.





4. Discussion

In this cross-sectional investigation, 4,706 people were examined, and patients with COPD received significantly less vitamin E on average (7.10 mg daily) than those without COPD (8.72 mg daily). Higher vitamin E intake was found to be independently linked with decreased COPD prevalence after controlling for variables (age, sex, race, marital status, education level, smoking status, consumption status, hypertensive disease, and diabetes) in multivariate logistic regression analysis. By charting a restricted cubic spline curve, we discovered a linear association between vitamin E intake and COPD, with a tendency for the incidence of COPD to decline with higher vitamin E intake. Additionally, our research revealed that the study population’s average daily consumption of total vitamin E (8.66 mg) was much lower than the recommended level (15 mg). Thus, supplementation of vitamin E intake appears to have an important role in the prevention of COPD.



TABLE 4 Sub-group analysis.
[image: Table4]

Numerous research has looked at the connection between vitamin E intake and COPD, and one of those studies found a link between lung function and vitamin E intake (10). In contrast, two other studies (28, 29) reported no independent effect of vitamin E intake after correction but a significant correlation between lung function and vitamin E intake when confounders were taken into account before adjustment. There is no conclusive evidence linking vitamin E and lung health. These discrepancies may be the result of insufficient sample sizes as well as variations in the dietary cultures, ethnicities, etc. of the populations under study. A significant cohort follow-up study showed a negative association between vitamin E intake and COPD incidence (14).

The underlying biological mechanisms for this association are complex and not yet clear. The deterioration of the lung parenchyma and persistent inflammation of the small airways are two symptoms of COPD, according to several studies (30, 31). Oxidative stress in the lung is one of the main mechanisms of its pathogenesis (31, 32). The endogenous antioxidant function is reduced by the presence of reactive oxygen species (ROS), which becomes a cause of oxidative stress (33). Vitamin E, on the other hand, is characterized by having an antioxidant function. Several studies have shown that supplemental vitamin E intake increases the elevation of antioxidants in the body and is effective in improving indicators of lung function (10, 34). One study showed that Trolox (a water-soluble derivative of vitamin E) was able to prevent oxidative stress, genotoxicity, and inflammation in the lung through a mechanism of ROS scavenging (35). Inhibiting the EGFR/MAPK axis lowers inflammation, apoptosis, and ROS, which inhibits COX2-mediated p-STAT3 nuclear translocation and lessens symptoms of COPD, according to recent research on vitamin E intake (36).

Our study has several benefits. To ensure the validity of the results, we used the proper weights and confounder adjustments during the analysis. Second, only a few studies have looked at the relationship between vitamin E and the incidence of COPD in large samples; our study is a big sample study using the NHANES database. Third, our study is the first to examine the relationship between vitamin E and COPD across ethnicity and gender in the United States and to assess the validity of the findings across ethnicity and gender, whereas earlier studies have only examined specific populations, such as women.

However, limitations are unavoidable. To start, because this study was cross-sectional, it was not possible to determine the cause of the link between vitamin E and COPD. Second, a 24-h recall may not be a reliable basis for measuring vitamin E intake. Additionally, because the data were self-reported, which has been demonstrated in various research to overstate the incidence of COPD, there may have been a bias introduced.



5. Conclusion

After analyzing data based on the NHANES database from 2013–2018, the results showed that vitamin E intake among U.S. adults was well below the recommended levels and that higher vitamin E intake was negatively associated with COPD incidence.
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Model 3: Adjust for all confounding factors.
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Subgroup analyses were performed on the following covariates (age, sex, race, marital tatus,
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