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Abstract 

Oxidative stress is present in chronic obstructive pulmonary disease (COPD); 

however, the effect of increased dietary antioxidants on reducing COPD risk remains 

unclear. The aim of this study was to investigate the association of the Composite 

Dietary Antioxidant Index (CDAI) with COPD in adults. This study conducted a 

cross-sectional investigation using data from the National Health and Nutrition 

Examination Survey (NHANES) spanning from 2015 to March 2020 to explore the 

association between CDAI and COPD in adults. This study included 9295 participants. 

Three logistic regression models (crude model, partially adjusted model, and fully 

adjusted model) and restricted cubic spline (RCS) curves were utilized to assess the 

association between CDAI levels and COPD risk. Subsequently, a two-sample 

Mendelian Randomization (MR) was employed to analyze the causal impact of 

antioxidant levels within CDAI on the occurrence of COPD. CDAI levels were 

inversely associated with COPD after adjusting for confounders (OR=0.97, 

95%CI:0.95-1.00), and the association was linear (p<0.001), and the results of the 

RCS showed that CDAI was linearly correlated with COPD occurrence (p<0.001). 

MR analysis revealed a causal relationship between vitamin C and COPD occurrence 

(OR=0.99, 95%CI:0.98-1.00, p<0.05). Our study indicates that dietary sources of 

antioxidants may reduce the risk of COPD occurrence, and the results of the MR 

analysis further show that vitamin C is causally associated with a reduced risk of 

COPD occurrence. However, further exploration is needed to understand how 

antioxidants prevent COPD. 

Keywords: Chronic obstructive pulmonary disease; Composite dietary antioxidant 

index; Mendelian randomization study; NHANES; Antioxidants 

Abbreviations 

 COPD  Chronic obstructive pulmonary disease 

CDAI Composite dietary antioxidant index 

 NHANES  National health and nutrition examination survey 

 NCHS  National center for health statistics 
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 MR  Mendelian randomization 

 RCS  Restricted cubic spline 

 GWAS  Genome-wide association studies 

 SNPs  Single nucleotide polymorphisms 

 PIR  Poverty impact ratio 

 BMI  Body mass index 

 ALT  Alanine aminotransferase 

 AST  Aspartate aminotransferase 

 IVW  Inverse-variance weighted 

 IQR  Interquartile Range 

 OR  Odds ratio 

 ROS  Reactive oxygen species 

 NAC  N-acetylcysteine 

 IEU  Integrative epidemiology unit 
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Introduction 

Chronic Obstructive Pulmonary Disease (COPD) is one of the most prevalent public 

health problems worldwide
(1)

. The World Health Organization has forecast that COPD 

will become the third leading cause of disease-related deaths globally by 2030
(2)

. 

Smoking is a significant risk factor for COPD, but past evidence suggests that other 

risk factors, such as environmental exposures, are also important
(3)

. As individuals age, 

people become more vulnerable to environmental factors that can cause a decline in 

lung function
(4)

. A study shows that the occurrence and frequency of COPD are still 

on the rise
(5)

. Serious public health issues pose a significant clinical and economic 

burden worldwide
(6)

. 

Oxidative stress plays a critical role in airway inflammation, tissue damage, and 

the overall progression of the disease
(7)

. Studies have shown that dietary antioxidants 

can effectively reduce oxidative stress and inflammation
(8)

. For example, Kodama et 

al. posited that oxidative stress induced by deficiencies in antioxidant nutrients, such 

as lycopene and carotenoids, may be the aetiological factor in some COPD patients in 

Japan
(9)

. Furthermore, additional research has demonstrated that antioxidants can 

mitigate the symptoms and inflammatory responses observed in patients with 

COPD
(10)

. The Composite Dietary Antioxidant Index (CDAI) is an estimate of an 

individual's overall pro-oxidant and antioxidant exposure status. It is based on the 

intake of several dietary antioxidants
(11)

. The CDAI aims to assess the combined 

effects of dietary antioxidants on human health. Previous studies have demonstrated 

that individuals with high CDAI scores have a lower risk of developing multiple types 

of cancer
(12, 13)

. Although the relationship between CDAI and COPD has been 

investigated through the analysis of inflammatory mediators, the causal relationship 

between these factors has not been evaluated in prior studies
(14)

. Our study provides 

new evidence for a causal association between the two conditions using genetic 

variants as instrumental variables. Moreover, the current studies have only explored 

the relationship between a single variable and COPD or between CDAI and other 

diseases, and fewer studies have explored the relationship between CDAI and COPD. 

Mendelian Randomization (MR) is a widely used analytical method for assessing 
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associations between exposures and outcomes. MR exploits the genetic variation 

associated with exposure to assess the causal effect of exposure on outcomes while 

controlling for confounding variables
(15)

. There are no studies that have used MR 

analyses to explore whether there is a causal relationship between CDAI and COPD. 

Therefore, in order to explore the association between the Composite Dietary 

Antioxidant Index (CDAI) and COPD in adults, this study first conducted an 

observational study of a US population from the NHANES database. MR analysis 

using GWAS data was then performed to explore the causal relationship between 

CDAI and COPD. Findings from this study will inform our understanding of the role 

of antioxidants in COPD prevention. 

Methods 

Ethical considerations 

This study did not require additional ethical approval or informed consent as it was 

based on published summary-level data from NHANES. It is important to note that 

NHANES obtained ethical approval for all data collection in its original studies. 

Study overview 

Weighted logistic regression analyses were used to investigate the relationship 

between CDAI and COPD. Additionally, Restricted Cubic Splines (RCS) analyses 

were applied to explore the relationship between CDAI as a continuous variable and 

the occurrence of COPD. The causality between CDAI and COPD was assessed using 

a two-sample MR. The study design of this study is shown in Fig. 1. The CDAI was 

calculated based on the intake of six dietary antioxidants. Weighted multivariate 

logistic analyses were performed using the calculated CDAI data to determine the 

association between CDAI and COPD. Genome-Wide Association Studies (GWAS) 

summary statistics were retrieved, and the antecedent Single Nucleotide 

Polymorphisms (SNPs) associated with each element in the CDAI were extracted as 

genetic instrumental variables. MR summary statistics derived from GWAS were used 

to assess the causal effects of genetically determined elements in the CDAI and 

COPD. 

A Cross-Sectional Study Using NHANES Data 
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We used publicly available NHANES data from 25,531 participants recruited between 

2015 and March 2020. A total of 16,236 patients were excluded from the study due to 

the presence of missing data on COPD (n = 10,606), dietary antioxidants (n = 2,222), 

and other covariates (n = 3,408). The final cohort comprised 9,295 participants. Of 

these, 634 were diagnosed with COPD and ranged in age from 20 to 80 years. Racial 

distribution was as follows: 4.7% Mexican American, 59.8% Non-Hispanic White, 

19.2% Non-Hispanic Black, and 16.2% other races. Weighted logistic regression 

analyses with RCS analyses were performed to explore the relationship between 

CDAI and COPD, using the inclusion of 9,295 participants who completed the 

NHANES measurements. 

The NHANES database provided the results of the questionnaire 'Has a doctor or 

other health professional ever told you that you have COPD?' as an outcome variable. 

The main exposure variable was CDAI. Data on dietary antioxidant intake as well as 

covariates were obtained through standardized questionnaires and face-to-face recall 

interviews. Conducted by trained interviewers in English or Spanish, following 

established NHANES methodology. The first interview took place in mobile testing 

centers, while a second dietary recall was conducted by telephone within 3-10 days. 

Detailed methods and measurement tools used to assist respondents in estimating 

portion sizes are documented in NHANES methodology 
(16)

. In order to assess the 

joint index of dietary antioxidant intake, the edition of the CDAI used by Maugeri et 

al. was employed 
(17)

. 

CDAI =  
                      

  

   
    

The CDAI comprises six dietary antioxidants: vitamin A, vitamin C, vitamin E, 

zinc, selenium, and carotenoids. The estimates for dietary antioxidants do not include 

antioxidants obtained from dietary supplements, medications, or ordinary drinking 

water. We standardized the same six dietary vitamins by subtracting the global mean 

and dividing by the global standard deviation. 

Based on the findings of the literature review, a number of potential covariates 

associated with both CDAI and COPD were identified
(18)

. The following potential 

https://doi.org/10.1017/S0007114524003349  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524003349


Accepted manuscript 

covariates based on prior knowledge of factors associated with CDAI and COPD were 

assessed: gender, age (20-39, 40-59, 60-80), race/ethnicity (Mexican American, 

Non-Hispanic White, Non-Hispanic Black, Others), education level (less than high 

school, high school or equivalent, more than high school), and poverty impact ratio 

(PIR) (low: <1.85, high: ≥1.85). Additionally, the following variables were considered: 

smoking status (never, former, or current), body mass index (BMI, kg/m
2
), waist 

circumference, comorbidities (diabetes, hypertension, asthma), history of cancer, and 

biochemical parameters (alanine aminotransferase (ALT), aspartate aminotransferase 

(AST), creatinine, uric acid, cholesterol, triglycerides)
(19)

. 

Genetic instrument selection 

Genetic instruments in the form of SNPs were selected for use in genome-wide MR 

analyses. The aim was to classify natural random genetic variation during conception 

to provide an unbiased estimate of the effect of exposure on outcomes. The selection 

of genetic instruments was based on three basic assumptions (Fig. 1). Instrumental 

SNPs were selected on the basis of the three hypotheses of the MR analysis: linkage 

disequilibrium (r
2
 < 0.001) and kb > 10,000, and high correlation (P < 5 × 10

-6
) with 

exposure in the genome
(20)

. Genetic instruments for vitamin A, vitamin C, vitamin E, 

zinc, selenium, and carotenoid antioxidants in the CDAI were obtained from the 

GWAS database, which comprises a total of 418,165 participants. To proxy 

carotenoids in the human circulation, we used GWAS data on circulating carotenoids, 

as they are predominantly in this form
(21)

. Finally, 33 SNPs related to vitamin A, 12 

SNPs related to vitamin C, 11 SNPs related to vitamin E, 8 SNPs related to zinc, 6 

SNPs related to selenium, and 16 SNPs related to carotenoids were selected for MR 

analysis. 

MR analysis and sensitivity analysis 

The primary analyses utilized the inverse-variance weighted (IVW) method to assess 

the causal effect between exposures and outcomes, which was determined to be the 

most accurate method for estimating causality when the data showed no directional 

pleiotropy (P > 0.05 for the MR-Egger intercept)
(22)

. Sensitivity analysis was used to 

confirm the robustness of the results. For exposures and outcomes with P < 0.05 in 
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IVW analyses, we used the “MR-PRESSO” package to remove potentially pleiotropic 

IVs (outliers) and perform analysis of significant outcomes
(23)

. 

Statistical analysis 

Categorical variables were described using numerical values and percentages, and 

comparisons between groups were conducted using chi-square tests. Continuous 

variables were described as the mean ± standard deviation if the distribution was 

normal and as the median and interquartile range (IQR) if the distribution was skewed. 

To examine the association between CDAI and COPD, we used multivariable logistic 

regression for modeling to estimate the ratio and the corresponding 95% confidence 

interval (95% CI). The model consisted of three categories: crude model (unadjusted 

for covariates), Model A (adjusted for age, gender, and race/ethnicity), and Model B 

(adjusted for all covariates, including age, sex, race/ethnicity, poverty-income ratio, 

education level, body mass index, waist circumference, smoking status, hypertension, 

diabetes, asthma, cancer or malignancy, alanine aminotransferase, aspartate 

aminotransferase, creatinine, uric acid, cholesterol, and triglycerides). To corroborate 

the findings derived from the continuous variables in the unadjusted and 

multivariable-adjusted models, we calculated p-values for trends. In light of the 

intricate probabilistic clustering design of NHANES, the application of weights was 

deemed essential in the statistical analyses of this study. 

In order to investigate the possibility of a nonlinear relationship between CDAI 

and COPD, RCS model was employed. RCS is a flexible nonlinear regression method 

that allows fitting different segments of the curve in different intervals while 

maintaining the smoothness and continuity of the overall curve by introducing 

multiple spline functions at different quantile points (nodes) of the independent 

variable
(24)

. By evaluating the nonlinear relationship, we were able to gain a more 

comprehensive understanding of the relationship between CDAI and COPD, thereby 

improving the explanatory power of the results and the reliability of the study. 

The statistical analyses were performed using R version 4.3.1 and the R packages 

'nhanesA', 'TwoSampleMR', and 'MRPRESSO', taking into account the complex 

sample design. 
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Data availability 

NHANES data and test methods for covariates can be accessed at 

https://www.cdc.gov/nchs/nhanes/index.htm. GWAS data can be accessed at 

https://gwas.mrcieu.ac.uk/. The GWAS data for elements in COPD and CDAI were 

obtained from the Integrative Epidemiology Unit (IEU) database (Table S1). 

Results 

NHANES population characteristics 

Baseline population characteristics with weighted estimates are shown in Table 1. 

CDAI levels in the COPD group were categorized into four groups by quartile. Older 

adults were more likely to be diagnosed with COPD and had lower levels of education, 

smoking, a higher BMI, a lower PIR, and a higher prevalence of hypertension. 

Relationship between CDAI and COPD 

Three models were constructed using weighted logistic regression (Table 2) to 

investigate the association between CDAI and COPD. In the crude model, no 

covariate adjustment was made, and continuous CDAI levels were observed to be 

negatively associated with incident COPD, with an odds ratio (OR) of 0.94 (0.92-0.96) 

associated with an increase in CDAI per standard deviation. When the CDAI levels 

were divided into quartiles, the OR for COPD was found to be 0.73 (0.59-0.90), 0.51 

(0.41-0.64), and 0.54 (0.43-0.68), with CDAI levels in Q2, Q3, and Q4 relative to the 

CDAI levels in Q1. In Model A, which included adjustments for age, gender, and race, 

higher levels of CDAI were associated with a reduced risk of COPD, and similarly, 

the OR for COPD with CDAI levels in Q2, Q3, and Q4 were 0.70 (0.57-0.87), 0.48 

(0.38-0.61), and 0.53 (0.42-0.67), respectively, when compared with CDAI levels in 

Q1. In addition, a similar trend (higher risk of COPD in the low-CDAI population) 

was observed after adjusting for all covariates (Model B). 

We used RCS to investigate further whether there was a non-linear relationship 

between CDAI and antioxidants in CDAI and the occurrence of COPD (Fig. 2). The 

results showed a non-linear correlation between carotenoids (P < 0.001) and vitamin 

C (P = 0.003) and the occurrence of COPD. Additionally, the occurrence of COPD 

was linearly associated with CDAI (p-nonlinearity = 0.535), vitamin E (p-nonlinearity 
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= 0.074), zinc (p-nonlinearity = 0.313), and selenium (p-nonlinearity = 0.139), with a 

p-value of less than 0.001. 

A causal association between CDAI and COPD in MR 

The IVW and the weighted median methods demonstrated a positive causal 

relationship specifically between vitamin C and COPD [OR = 0.99 (0.97–1.00); 0.99 

(0.98–1.00), P < 0.05]. No such causal link was identified between other antioxidants 

and COPD (Fig. 3). We screened 12 SNPs closely related to vitamin C (Table S2). Fig. 

4A shows that as the effect of SNPs on vitamin C decreases, the effect of SNPs on 

COPD also decreases. In Fig. 4B, the effect size for each SNP is displayed, indicating 

that increased vitamin C intake reduces the risk of developing COPD. 

Sensitivity analysis 

Leave-one-out analysis determines whether a particular SNP significantly alters the 

results by excluding SNPs individually, as shown in Fig. 5A. When SNPs were 

excluded individually, their risk estimates remained consistent. The IVW method was 

used to assess heterogeneity and showed that there was no significant heterogeneity (p 

= 0.970). To further demonstrate the results of the analyses, we plotted a funnel plot 

(Fig. 5B). Additionally, the results of the MR-Egger regression demonstrated the 

absence of horizontal pleiotropy in our study (P = 0.614). Thus, the results of various 

MR methods consistently confirmed the existence of a causal relationship between 

vitamin C and COPD. Sensitivity analyses further confirmed the robustness and 

reliability of these findings. 

Discussion 

This study explored the association between CDAI and COPD using the NHANES 

database and MR analysis. Additionally, we investigated the potential causal 

relationship between dietary antioxidant content and COPD. The results show a 

significant linear relationship between CDAI and COPD, though the magnitude of this 

association was relatively small, which suggests that while dietary antioxidants may 

have a role in COPD prevention, their effect might not be substantial at the individual 

level. Furthermore, in the IVW approach, we observe a causal relationship between 

genetically predicted vitamin C and COPD. IVW methods typically exhibit greater 
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statistical power than other methods of MR and are therefore the preferred approach 

for identifying potentially significant results
(25)

. Furthermore, sensitivity analyses 

were conducted to ensure the robustness of the IVW estimates. Overall, the findings 

suggest that dietary antioxidants may play a role in preventing COPD from occurring. 

This study is the first to assess the association between vitamin C and COPD using 

GWAS. 

This study presents the first comprehensive investigation of the relationship 

between CDAI and COPD, based on data from a large observational study and MR 

analysis of large-scale genetic data. Previous studies on dietary interventions for 

COPD have focused on a single dietary nutrient
(26, 27)

, and GWAS-based causality 

between CDAI and other chronic diseases
(18, 21)

. The evidence for the relationship 

between CDAI and COPD is relatively limited. However, there is growing evidence 

supporting oxidative stress as an important driving mechanism in COPD
(28, 29)

. 

Oxidative stress in COPD is caused by both exogenous factors, such as smoking and 

air pollution, and endogenous factors, including reactive oxygen species (ROS) 

production by activated lung inflammatory cells, particularly neutrophils and 

macrophages. Research has demonstrated that heightened oxidative stress is linked to 

a reduction in endogenous antioxidants, such as Nrf2-dependent antioxidants and 

GSH. Additionally, a low intake of dietary antioxidants may exacerbate the 

situation
(30)

. At this stage, causality is uncertain. This study provides evidence for a 

causal relationship between reduced dietary antioxidants and COPD occurrence. 

The CDAI components, including vitamins A, C, E, zinc, selenium, and 

carotenoids, play key roles in combating oxidative stress. Vitamin A activates the 

Keap1/Nrf2/ARE pathway, enhancing antioxidant defenses
(31)

. Vitamin C stabilizes 

mitochondrial membranes, reducing reactive oxygen species (ROS) damage
(32)

. 

Vitamin E (e.g., γ-tocopherol) inhibits lipid peroxidation
(33)

, while zinc supports 

glutathione synthesis, crucial for cellular antioxidant capacity
(34)

. Selenium aids 

oxidative stress protection by maintaining antioxidant enzymes
(35)

. Carotenoids, 

precursors to vitamin A, scavenge ROS under normal conditions
(36)

. While flavonoids, 

such as quercetin, also possess antioxidant properties by binding to Nrf2
(37)

, they were 
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not included in CDAI, which may be a limitation of this study. 

The study suggests that higher levels of antioxidants in humans may reduce the 

risk of developing COPD, which is consistent with previous observational studies. A 

population-based study has shown that serum vitamins and carotenoids have the 

potential to attenuate or slow the progression of COPD
(38)

. A recent study suggests 

that N-acetylcysteine (NAC), which has antioxidant properties, may be beneficial for 

other chronic inflammatory and fibro-forming respiratory diseases, including COPD, 

bronchial asthma, idiopathic pulmonary fibrosis, or pneumoconiosis
(39)

. Furthermore, 

in an experimental mouse model, it was demonstrated that the intake of lycopene 

reduced lung damage caused by cigarette smoke
(40)

. 

In the present study, the relationship between specific antioxidants (carotenoids, 

vitamin C) and COPD exhibited a nonlinear association. This nonlinear relationship 

may be indicative of the disparate effects of various antioxidants on COPD at varying 

concentration levels. Our findings are consistent with those of previous studies, which 

have indicated that the effects of antioxidants are not linear
(41, 42)

. This may be due to 

the fact that an excess or deficiency of antioxidants in the body impairs their normal 

antioxidant function, which in turn gives rise to disparate health outcomes
(43, 44)

. The 

potential mechanisms underlying this phenomenon may include factors such as the 

bioavailability of antioxidants, the interaction of antioxidants with other nutrients, and 

individual differences
(45)

. In conclusion, the observed nonlinear results indicate the 

necessity of considering different doses and individual differences when evaluating 

the impact of antioxidants on COPD. Further investigation of these mechanisms is 

required to gain a more comprehensive understanding of the role of antioxidants in 

the prevention of COPD. 

The public health and clinical implications of the study are important. As the 

population continues to age, COPD will continue to rise
(2)

. Reducing the harm caused 

by risk factors associated with COPD is considered more urgent than treating the 

condition itself
(46)

. Numerous studies are investigating novel approaches to reduce the 

heightened risk of COPD caused by smoking by enhancing dietary habits
(47)

. For 

example, recent epidemiology research has shown antioxidant-rich foods, especially 
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fresh fruit and vegetables, to be beneficial for respiratory function and symptoms in 

chronic respiratory patients
(48)

. Dried fruit intake has been demonstrated to decelerate 

the progression of COPD and asthma
(49)

. Therefore, early prevention and effective 

disease management measures are necessary for COPD based on the relationship 

between diet and the disease. In clinical practice, it is important to continuously 

search for innovative and efficient antioxidants as a new treatment strategy for this 

disease. However, it is important to note that, in order to ensure therapeutic efficacy, 

antioxidant therapies, particularly those based on redox-sensitive molecules, must be 

used with caution to avoid triggering pro-oxidant and inflammatory responses in the 

lungs
(50)

. 

This study has several strengths. Firstly, it has a large sample size. Secondly, it 

uses the aforementioned SNPs as genetic instrumental variables. More importantly, 

we combined observational studies with MR analyses. However, it is important to 

note that causal inferences cannot be drawn from the NHANES study alone. MR 

analysis significantly reduces biases such as reverse causality and confounders to 

compensate for the shortcomings of observational studies. Additionally, the MR 

analysis employed large-scale GWAS data, providing sufficient statistical power to 

evaluate the correlation between dietary antioxidant levels and CDAI. However, it is 

important to point out some of the limitations of this study. Firstly, it is a 

cross-sectional study, and bias is inevitable. Secondly, although we adjusted for some 

potential confounders during the study, we could not completely eliminate the effects 

of other potential confounders. Thirdly, both COPD diagnosis and dietary antioxidant 

intake were based on self-reported data in NHANES. COPD information was 

obtained through self-reported medical history, while dietary antioxidant data were 

based on participants' 24-hour dietary recall prior to the interview. This reliance on 

self-reported data may introduce recall bias, potentially leading to inaccuracies in 

dietary intake estimates and misclassification of COPD status. Such biases could 

affect the accuracy of our assessment of the association between dietary antioxidants 

and COPD risk. At last, we acknowledge that the exclusion of a significant number of 

participants due to missing data on COPD, dietary antioxidants, and other covariates 
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could potentially introduce bias. The excluded participants might have different 

characteristics compared to those included in the final cohort. However, our analysis 

was based on the available data from the NHANES dataset, and the criteria for 

exclusion were uniformly applied to all participants. 

Conclusion 

The NHANES cross-sectional study and MR analyses suggest that dietary sources of 

antioxidants may offer some protection against COPD. Additionally, the MR analyses 

indicate a causal relationship between vitamin C and COPD. However, further 

research is necessary to fully comprehend the mechanisms by which antioxidants 

safeguard against COPD.
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Fig. 1 Study design overview of the NHANES cross-section study and MR analysis. 

The dashed line indicates the path that contradicts the hypothesis.
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Fig. 2 RCS plot of the association between CDAI and antioxidants and COPD. The 

solid blue line represents the smooth curve fit between variables. The shaded bands 

represent the 95% confidence intervals.
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Fig. 3 Forest plot of the MR study investigating the effect of antioxidants on COPD. 

The exposure is antioxidants and the outcome is COPD, red bold font represents 

causality, with the exposure having a protective effect on the outcome, whereas black 

represents the absence of a causal relationship between the exposure and the outcome.
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Fig. 4 MR analyses the effects of vitamin C on COPD. A: Scatter plot of vitamin C on 

COPD. Each point in the scatterplot represents a genetic variant, which shows us the 

association of each genetic variant (SNP) with antioxidants and COPD. The dashed 

line represents the line segment fitted by the model, where the association of each 

genetic variant (SNP) with antioxidants directly predicts its association with COPD. B: 

Forest plot of vitamin C on COPD. It shows the effect size and 95% confidence 

interval for each SNP. The graph shows the strength of the association between each 

SNP and the outcome and its uncertainty.
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Fig. 5 Sensitivity analyses the effects of vitamin C on COPD. A: Leave-one-out 

analysis the effects of vitamin C on COPD. The forest plot referred to by the 

leave-one-out method shows the MR estimation results after removing each individual 

SNP. Each time a SNP is removed, MR estimation is performed and the results and 

their confidence intervals are recorded in the plot. B: Funnel plot of vitamin C on 

COPD. Funnel plots are used to check for the presence of heterogeneity in individual 

genetic variants, and when there is no heterogeneity, the funnel plots take on a 

symmetrical shape, implying that there is no systematic relationship between the 

study effects and their precision.
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Table 1. Participant characteristics in the NHANES cross-sectional study 

COPD  
NO 

(N=8661) 

YES 

(N=634) 
P 

Gender Male 
4040 

(46.6%) 

300 

(47.3%) 
0.160 

 Female 
4621 

(53.4%) 

334 

(52.7%) 
 

Age 20-39 
2907 

(33.6%) 
62 (9.8%) <0.001 

 40-59 
2951 

(34.1%) 
190 (30%)  

 60-80 
2803 

(32.4%) 

382 

(60.3%) 
 

Race/Ethnicity Mexican American 
1280 

(14.8%) 
30 (4.7%) <0.001 

 Non-Hispanic White 
3079 

(35.6%) 

379 

(59.8%) 
 

 Non-Hispanic Black 
1998 

(23.1%) 

122 

(19.2%) 
 

 Others 
2304 

(26.6%) 

103 

(16.2%) 
 

Education Less than high school 
1580 

(18.2%) 

145 

(22.9%) 
<0.001 

 
High school or 

equivalent 

1976 

(22.8%) 

196 

(30.9%) 
 

 More than high school 
5105 

(58.9%) 

293 

(46.2%) 
 

https://doi.org/10.1017/S0007114524003349  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114524003349


Accepted manuscript 

Smoking status Now 
1452 

(16.8%) 

240 

(37.9%) 
<0.001 

 Never 5200 (60%) 
159 

(25.1%) 
 

 Former 
2009 

(23.2%) 

235 

(37.1%) 
 

BMI <18.5 111 (1.3%) 15 (2.4%) <0.001 

 18.5–24.9 2076 (24%) 
125 

(19.7%) 
 

 25–29.9 
2780 

(32.1%) 

167 

(26.3%) 
 

 ≥30 
3694 

(42.7%) 

327 

(51.6%) 
 

PIR <1.85 
3652 

(42.2%) 

379 

(59.8%) 
<0.001 

 ≥1.85 
5009 

(57.8%) 

255 

(40.2%) 
 

High blood 

pressure 
Yes 

3096 

(35.7%) 

376 

(59.3%) 
<0.001 

 No 
5565 

(64.3%) 

258 

(40.7%) 
 

Diabetes Yes 
1224 

(14.1%) 

186 

(29.3%) 
<0.001 

 No 
7226 

(83.4%) 
425 (67%)  

 borderline 211 (2.4%) 23 (3.6%)  

Asthma Yes 1173 272 <0.001 
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(13.5%) (42.9%) 

 No 
7488 

(86.5%) 

362 

(57.1%) 
 

Cancer or 

malignancy 
Yes 799 (9.2%) 133 (21%) <0.001 

 No 
7862 

(90.8%) 
501 (79%)  

Waist 

circumference 
Mean ± SD 100.8 ± 16.8 

107.5 ± 

18.5 
<0.001 

ALT Mean ± SD 23.7 ± 17.8 20.5 ± 13.0 <0.001 

AST Mean ± SD 23.5 ± 15.9 21.7 ± 11.3 0.003 

Creatinine Mean ± SD 0.9 ± 0.5 1.0 ± 0.5 0.033 

Uric acid Mean ± SD 5.4 ± 1.4 5.6 ± 1.7 0.084 

Cholesterol Mean ± SD 190.1 ± 41.8 
181.8 ± 

43.7 
0.014 

Triglycerides Mean ± SD 
146.2 ± 

116.8 

146.6 ± 

87.9 
0.734 

CDAI (continuous) Mean ± SD 0.1 ± 4.0 -0.9 ± 3.8 <0.001 

CDAI 

(interquartile) 
Q1 

2102 

(24.3%) 
222 (35%) <0.001 

 Q2 
2157 

(24.9%) 

167 

(26.3%) 
 

 Q3 
2204 

(25.4%) 

119 

(18.8%) 
 

 Q4 
2198 

(25.4%) 

126 

(19.9%) 
 

Continuous variables are expressed as mean ± standard deviation (SD), and 
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categorical variables are expressed as n (%). A chi-square test was used for categorical 

variables, and a one-way ANOVA was used for continuous variables. P < 0.05 was set 

as the threshold of statistical significance. CDAI quartile range: Quartile 1(-8.90, 

-2.96); Quartile 2(-2.96, -0.483); Quartile 3(-0.483, 2.59); Quartile 4(2.59, 16.33). 

COPD: Chronic obstructive pulmonary disease; BMI: Body mass index; PIR: Poverty 

impact ratio; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CDAI: 

Composite dietary antioxidant index.
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Table 2. Multiple linear regression analysis on the association between CDAI and 

COPD 

  
Crude 

model 

 Model A  Model B  

 
OR (95% 

CI) 

P OR (95% 

CI) 

P OR (95% 

CI) 

P 

CDAI 

(continuou

s) 

0.94 

(0.92-0.9

6) 

<0.00

1 

0.93 

(0.91-0.9

6) 

<0.001 0.97 

(0.95-1.0

0) 

0.027 

Q1       

Q2 

0.73 

(0.59-0.9

0) 

0.004 0.70 

(0.57-0.8

7) 

0.001 0.84 

(0.66-1.0

6) 

0.143 

Q3 

0.51 

(0.41-0.6

4) 

<0.00

1 

0.48 

(0.38-0.6

1) 

<0.00

1 

0.62 

(0.48-0.8

0) 

<0.00

1 

Q4 

0.54 

(0.43-0.6

8) 

<0.00

1 

0.53 

(0.42-0.6

7) 

<0.001 0.79 

(0.60-1.0

2) 

0.070 

P for trend  
< 0.00

1 
 

< 0.00

1 
 

< 0.00

1 

Crude model: no covariates were adjusted. Model A: age, gender, and race were 

adjusted. Model B: adjusted for all covariates (age, gender, race, education, PIR, BMI, 

smoking status, high blood pressure, diabetes, asthma, cancer or malignancy, Waist 

circumference, ALT, AST, Creatinine, Uric acid, Cholesterol, Triglycerides). COPD: 

Chronic obstructive pulmonary disease; OR: Odds ratio; BMI: Body mass index; PIR: 

Poverty impact ratio; ALT: Alanine aminotransferase; AST: Aspartate 

aminotransferase; CDAI: Composite dietary antioxidant index. 
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