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Purpose: Vitamins and carotenoids are essential in preventing and treating chronic obstructive pulmonary disease (COPD). This
study investigated the associations between serum vitamins, carotenoids, and COPD in adults aged > 40 years in the United States.
Methods: We selected 3487 participants aged >40 from the NHANES (2017-2018) and used demographic analysis, sensitivity tests,
and different weighted multivariate regression models to investigate the relationship between serum vitamins, carotenoids, and COPD.
Results: Subjects in the highest tertile of serum vitamin C, vitamin E (a-tocopherol), a-carotene, trans-p-carotene, and cis-p-carotene
had a 50%, 35%, 51%, 54%, and 51% lower risk of COPD than those in the lowest tertile (P for trend: P=0.0005, <0.0001, 0.0054,
0.0066, and 0.0049). Unfortunately, no significant correlation was found for serum vitamin D levels.

Conclusion: Our analysis of nationally representative data from 3487 participants showed that serum levels of vitamin C, vitamin E
(a-tocopherol), a-~carotene, and B-carotene were negatively associated with the incidence of COPD in adults over 40 years of age in the US The
findings highlighted the importance of antioxidant vitamins and carotenoids in respiratory health, while the data showed no significant
correlation between vitamin D (25-OHD) and the incidence of COPD.
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Introduction

In 2019, chronic obstructive pulmonary disease (COPD) ranked as the third most prevalent cause of global mortality,'
90% of deaths occur in low- and middle-income countries, the main economic burden of chronic diseases in the future.’
Notably, it also presents as a stand-alone risk factor for lung cancer.’

COPD is mainly affected by genetic and environmental factors and usually manifests as persistent and progressive airflow
obstruction. It is characterized by repeated coughing, expectoration, and dyspnea.* Contemporary therapeutic strategies
encompass inhalers, prolonged oxygen therapy, cessation of smoking, and pulmonary rehabilitation." However, recent years
have seen minimal advancements in impeding the progression of COPD or decreasing its mortality rate.” COPD’s pathophy-
siological underpinnings are complex; four basic mechanisms have been confirmed: oxidative stress, inflammation, protease/
antiprotease system imbalance, and apoptosis. Each mechanism has different contributions to the occurrence and development of
COPD, among which oxidative stress is the most critical factor because it can enhance the other three mechanisms besides direct
injury. In light of this, vitamins and carotenoids attract research interest because they may have potent antioxidant and anti-
inflammatory properties.’

The fact that lung function naturally deteriorates with age, rendering older individuals more vulnerable to environ-
mental exposures, is well-established.® Recent research predominantly centers around the preventive potential of
nutrients or phytochemicals, particularly those with antioxidant or anti-inflammatory properties, in adult and elderly
populations. While previous studies have explored the potential influence of antioxidant vitamins and carotenoids on the
progression of respiratory diseases, their findings needed to be more consistent.” Many such studies were potentially
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biased by their reliance on self-reported dietary or supplement intake rather than objective measures of serum vitamin
levels.'®!" Therefore, the focus has shifted towards examining the role of specific serum levels in COPD.'?

To examine the association between serum levels of vitamins C, E, D, alpha-carotene, trans-beta-carotene, and cis-
beta-carotene and the incidence of COPD in American adults over 40, we conducted a comprehensive and nationally
representative pooled analysis of data from the 2017-2018 NHANES cycle. This research, involving data from over 3487
participants, represents the most extensive investigation of its kind to date.

Materials and Methods

Survey Description

NHANES is a robust program administered by the National Center for Health Statistics (NCHS), an arm of the Centers for
Disease Control and Prevention, committed to the ongoing assessment of the overall health status of the American populace.
The survey employs a multi-stage probability sampling design to collect data biennially over two-year cycles, aiming to
deliver population-level insights.

We derived cross-sectional data from NHANES, an exhaustive investigation executed by NCHS using a multi-stage
probability design, to gauge the nutritional and health status across the United States.'® The study protocols of NHANES
received the green light from the NCHS’s Research Ethics Review Board, securing adherence to the ethical principles
laid out in the 1975 Declaration of Helsinki. Written informed consent was obtained from all participants.
Comprehensive NHANES study designs and data are open to public scrutiny at www.cdc.gov/nchs/nhanes/. It is of

significant note that the formulation of this report aligns with the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines for cross-sectional studies.'

The Enrollment of Participants

Our study incorporated 3487 participants who underwent serological testing as part of the NHANES cycle from 2017—
2018. The 20172018 cycle was chosen due to its comprehensive collection of serum vitamins and carotene data about
COPD. Participants included in our research were those with complete COPD and serological data. In the initial
recruitment of 9254 participants, we excluded those who were younger than 40 years old (n = 5372), who did not
know whether they had COPD (n = 8), and whose serum vitamin and carotene levels were unknown (n = 387). Following
these exclusions, 3487 eligible subjects over 40 were included in our study (Figure 1).

Assessment of Serum Vitamins and Carotenoids

Serum concentrations of vitamin C (mg/dL), vitamin D (25-OHD) (nmol/L), vitamin E (a-tocopherol) (ug/dL), alpha-carotene
(ug/dL), trans-beta-carotene (ug/dL), and cis-beta-carotene (ug/dL) were determined using a modified high-performance
liquid chromatography method with photodiode array detection. For further analysis, subjects were divided into thirds based
on serum content in our sensitivity analysis. In our study, serum content was considered an exposure variable.

Assessment of COPD

We used questionnaire results from the NHANES database about the question, “Has a doctor or other health professional
ever told you that you had COPD?” under the medical condition section, which was included as the outcome variable.

Covariates

After reviewing the literature, the potential covariates that may confuse the relationship between serum levels and COPD
are included in our adjustment models. We considered demographic and health condition factors, including gender, age,
race, educational attainment, body mass index, income status, smoking status, drinking status, diabetes status, and
moderate physical activity. It is worth noting that various factors, such as stress exposure to ultraviolet and infrared
radiation, can deplete carotenoid levels in the body.'> For COPD, potential risk factors include smoking, air pollution,
fume exposure, and occupational hazards.'®
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Figure | Flowchart of the sample selection from NHANES 2017-2018.

Statistical Analysis

All statistical analyses were conducted duly considering the complex sample design, using the appropriate NHANES
sampling weights per CDC guidelines.'® Weighted chi-square tests were employed to evaluate differences in categorical
data. Given the sophisticated multi-stage probability sampling technique of NHANES, inferential statistics were used to
represent the large, nationally representative sample. In this context, continuous variables were articulated as means with
standard errors (SE) using linear regression analyses, while categorical characteristics were expressed as percentages
through logistic regression analyses.

We utilized weighted multivariable regression models across various models to explore the associations between
serum vitamins, carotenoids, and COPD. Model 1 was not adjusted for covariates, while Model 2 incorporated
adjustments for race, age, and sex. Model 3 factored in gender, age, race, education level, BMI, socioeconomic
status, smoking status, drinking status, diabetes status, and moderate physical activity. Additional sensitivity
analyses were undertaken for robustness. We used a generalized additive model (GAM) and smooth curve fits to
handle nonlinearity.

Furthermore, to conduct a subgroup analysis of the relationships between blood vitamins, carotene, and COPD, we employed
stratified multivariable logistic regression models with stratified covariates, including gender, age, smoking status, drinking
status, diabetes status, and moderate physical activity. These stratified variables were also considered as potential effect modifiers.
For variables with already collected data, missing values were inputted using the median for continuous variables or the mode for
categorical variables.

All analyses were performed using R version 4.1.3 (http://www.R-project.org, The R Foundation) and Empower software

(www.empowerstats.com; X&Y Solutions, Inc., Boston, MA). A two-sided P-value less than 0.05 was considered statistically

significant.
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Results

Baseline Characteristics

From the 9254 participants in the 2017-2018 NHANES cycle, 3487 individuals met the study’s inclusion criteria. Among
these, males accounted for 48.84% (weighted percentage), and females comprised 51.16%, with an overall COPD
prevalence of 7.31%. Differences in age, race, education, income status, diabetes, smoking, and serum concentrations of
vitamin C, vitamin E (o-tocopherol), a-carotene, trans-f-carotene, and cis-fB-carotene were found to be statistically
significant (P < 0.05) when comparing groups of participants with and without COPD (Table 1).

Table | Baseline Characteristics of Study Population According to COPD Weighted

Variables Overall Non-COPD COPD P value
n=3487 n=3232 (92.69%) n=255 (7.31%)

Age group (years) % <0.0001

40—49 20.85 26.48 5.90

50—59 2435 29.74 23.46

60—69 28.76 23.11 39.73

270 26.04 20.67 3091

Gender (%) 0.3704

Male 48.84 47.45 44.44

Female 51.16 52.55 55.56

Race/Ethnicity (%) 0.0002

Mexican American 12.53 7.51 1.45

Other Hispanic 9.46 6.12 2.96

Non-Hispanic White 36.40 66.24 77.73

Non-Hispanic Black 23.03 10.21 6.94

Other Race - Including Multi-Racial 18.58 9.91 10.92

Education (%) <0.0001

Less than 9th grade 10.18 443 3.6l

9—1 Ith grade 11.27 7.13 13.12

High school graduate/GED or equivalent 23.69 25.49 43.33

Some college or AA degree 30.97 30.53 29.27

College graduate or above 23.89 3243 10.68

Diabetes (%) <0.0001

Yes 21.77 15.81 33.28

No 78.23 84.19 66.72

Smoked at least 100 cigarettes in life (%) <0.0001

Yes 45.05 41.57 87.83

No 54.95 58.43 12.17

Ever had a drink or any kind of alcohol (%) 0.0384

Yes 83.91 92.77 96.41

No 16.09 7.23 3.59

Income to poverty ratio 2.63 +1.61 331 +1.58 245 + 1.69 <0.0001

BMI 30.09+7.07 30.16 £ 6.78 30.18 £ 822 0.9781

Moderate physical activity (%) 0.0308

Yes 61.83 44.82 52.05

No 38.17 55.18 47.95

Vitamin C (mg/dL) 0.91£0.53 0.94 + 0.52 0.74 + 0.56 <0.0001

Alpha-tocopherol (ug/dL) 1319.71+476.57 1356.53 + 476.72 1186.92 + 355.91 <0.0001

Alpha-carotene (ug/dL) 5.55+9.25 5.40 £ 751 293 £3.39 0.0001

Trans-beta-carotene (ug/dL) 22.46+26.77 21.59 + 24.48 13.45 + 12.02 <0.0001

Cis-beta-carotene (ug/dL) 1.26x1.42 1.17 £ 1.25 0.81 + 0.56 <0.0001

250HD2+250HD3 (nmol/L) 74.55+33.82 79.86 + 32.08 80.23 * 40.09 0.8663
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Serum Vitamins and Carotenoids are Associated with the Incidence of COPD
Table 2 delineates the association between serum levels of vitamins, carotenoids, and the incidence of COPD. Our findings
revealed that the levels of serum vitamin C, vitamin E (a-tocopherol), a-carotene, trans-p-carotene, and cis-f-carotene were
significantly associated with the incidence of COPD in both the crude and adjusted models (p<0.0001, p<0.0001, p=0.0001,
p<0.0001, p<0.0001). Interestingly, lower levels of these substances corresponded with a higher incidence of COPD.

In the fully adjusted model, the odds ratio (OR) for the incidence of COPD decreased with higher serum vitamin C
levels. Specifically, relative to the lowest vitamin C level (tertilel), the adjusted ORs were 0.73 and 0.50 for tertile2 and
tertile3 respectively (tertile2: OR=0.73, 95% CI 0.51-1.05; tertile3: OR=0.50, 95% CI 0.34-0.75; p for trend=0.0005).

Table 2 The Relationship Between Adjusted Serum Vitamins, Carotenoids and COPD

Crude Model Minimally Adjusted | Fully Adjusted

(Model 1) Model (Model 2) Model (Model 3)
Vitamin C (mg/dL)
Categories
Tertilel (0.0212-0.668) Reference Reference Reference
Tertile2 (0.669-1.09) 0.46 (0.34, 0.63) 0.51 (0.37, 0.69) 0.78 (0.54, 1.14)
Tertile3 (1.1-6.32) 0.38 (0.28, 0.53) 0.30 (0.22, 0.43) 0.51 (0.35, 0.77)
P for trend <0.0001 <0.0001 0.0012
Alpha-tocopherol (ug/dL)
Categories
Tertilel (325-1080) Reference Reference Reference
Tertile2 (1090-1390) 0.58 (0.43, 0.78) 0.56 (0.41, 0.77) 0.61 (0.42, 0.88)
Tertile3 (1400-5120) 0.38 (0.27, 0.53) 0.30 (0.21, 0.42) 0.36 (0.24, 0.55)
P for trend <0.0001 <0.0001 <0.0001
Alpha-carotene (ug/dL)
Categories
Tertilel (0.5-2.01) Reference Reference Reference
Tertile2 (2.02-4.92) 0.45 (0.33, 0.61) 0.45 (0.32, 0.61) 0.55 (0.38, 0.80)
Tertile3 (34.93-195) 0.18 (0.12, 0.27) 0.21 (0.13, 0.32) 0.54 (0.33, 0.88)
P for trend <0.0001 <0.0001 0.0129
Trans-beta-carotene (ug/dL)
Categories
Tertilel (0.6-9.54) Reference Reference Reference
Tertile2 (9.55-21.4) 0.41 (0.30, 0.56) 0.39 (0.28, 0.54) 0.49 (0.33, 0.72)
Tertile3 (21.5-415) 0.29 (0.20, 0.41) 0.28 (0.20, 0.41) 0.56 (0.36, 0.86)
P for trend <0.0001 <0.0001 0.0135
Cis-beta-carotene (ug/dL)
Categories
Tertilel (0.495-0.79) Reference Reference Reference
Tertile2 (0.80-1.4) 0.47 (0.33, 0.66) 0.40 (0.28, 0.58) 0.56 (0.37, 0.85)
Tertile3 (1.4-23.1) 0.29 (0.19, 0.45) 0.25 (0.16, 0.39) 0.51 (0.31, 0.86)
P for trend <0.0001 <0.0001 0.0049
250HD2+250HD3 (nmol/L)
Categories
Tertilel (11.4-58.7) Reference Reference Reference
Tertile2 (58.8-84.2) 0.91 (0.65, 1.26) 0.73 (0.51,1.02) 0.77 (0.52, 1.16)
Tertile3 (84.3422) 1.25 (0.92, 1.70) 0.71 (051, 0.99) 0.89 (0.60, 1.32)
P for trend 0.1217 0.0591 0.6673

Notes: In sensitivity analysis, Serum level was converted from a continuous variable to a categorical variable (tertiles).
Model I: No adjustment for covariates. Model 2: Adjusted for gender, age, and race. Model 3: Adjusted for gender, age,
race, education level, body mass index, income status, smoking status, drinking status, diabetes status and moderate
physical activity.
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Similarly, when compared to the lowest vitamin E (a-tocopherol) level (tertilel), the adjusted ORs for tertile2 and
tertile3 were 0.62 and 0.35 respectively (tertile2: OR=0.62, 95% CI 0.43-0.89; tertile3: OR=0.35, 95% CI 0.23-0.53;
p for trend<0.0001).

In terms of a-carotene, relative to the lowest level (tertilel), the adjusted ORs for tertile2 and tertile3 were 0.55 and
0.51, respectively (tertile2: OR=0.55, 95% CI 0.38-0.80; tertile3: OR=0.51, 95% CI 0.31-0.82; p for trend=0.0054).

With regards to trans-p-carotene, the adjusted ORs for tertile2 and tertile3, relative to the lowest level (tertilel), were
0.49 and 0.54 respectively (tertile2: OR=0.49, 95% CI 0.34-0.71; tertile3: OR=0.54, 95% CI 0.35-0.82; p for
trend=0.0066). When compared to the lowest cis-B-carotene level (tertilel), the adjusted ORs for individuals in tertile2
and tertile3 were 0.56 and 0.51 respectively (tertile2: OR=0.56, 95% CI 0.37-0.85; tertile3: OR=0.51, 95% CI 0.31-0.86;
p for trend=0.0049).

In our study, the incidence of COPD was not significantly correlated with serum vitamin D (250HD2+250HD3) level
(p=0.8663). In the trichotomous subgroup, the adjusted ORs were 0.81 and 0.91 for tertile2 and tertile3, relative to the
lowest level of serum 25(OH)D (tertilel) (tertile2: OR= 0.81, 95% CI 0.54—1.19; tertile3: OR= 0.91,95% CI 0.62—1.34;
p for trend=1.0000).

The Nonlinear Correlation Between Serum Vitamins, Carotenoids, and COPD

Our study found a statistically significant negative association between serum levels of vitamins (except vitamin D),
carotenoids, and the likelihood of developing COPD. The smooth curve shows the nonlinear correlation between serum
vitamins, carotenoids, and COPD (Figure 2).

Subgroup Analysis

We conducted a subgroup analysis to evaluate the consistency of the association between serum vitamins, carotenoids,
and the incidence of COPD across the general population and identify potentially different population subsets. Interaction
tests were stratified by age, sex, diabetes, and smoking status. Our results indicated that these associations were not
uniform.

Table 3 shows significant interactions for gender and age in the association plot between serum vitamin E and COPD
incidence (interaction P all < 0.05). There were no statistically significant interaction tests for diabetes, smoking status,
drinking status, or moderate physical activity (interaction P all > 0.05). Positive correlations were observed across all
genders and in patients aged 50-59, 6069, and >70.

Discussion

With the rapid aging of the population, the global health burden of COPD is increasing. According to our cross-sectional
analysis of 3487 participants, we observed that age, race, vitamin C, vitamin E (o-tocopherol), a-carotene, trans-f3-
carotene, and cis-B-carotene were statistically significant with the incidence of COPD. However, in the fully adjusted
model of controlling variables such as age, sex, race, smoking status, drinking status, diabetes, and physical activity, there
is a negative and nonlinear correlation between serum vitamins, carotenoids, and the incidence of COPD, which is
similar in different population backgrounds. However, no discernible link was detected concerning vitamin D.

A matched case-control study in the past collected 52 patients with chronic respiratory diseases (CRD) and 52 healthy
controls, and found that the plasma vitamin C concentration of patients with CRD was significantly lower than that of the
control group (P=0.005)."7 At the same time, a national study from South Korea showed that higher vitamin C intake can
significantly reduce the risk of COPD by 76.7% compared with lower vitamin C intake, regardless of smoking history.'® This
is consistent with our research. In the research on a-tocopherol, the research from Spanish shelters suggested that the elderly
COPD patients ate less antioxidant diet than the healthy group, and the subjects with a-tocopherol<14.1mol/L (50th
percentile) had 6.43 times the risk of COPD than those with a-tocopherol>14.1mol/L. (OR=6.43,95% CI 1.17-35.24,
P<0.05)."” In addition, another comparative study of women’s health from the United States revealed that women who
took 600 IU vitamin E had a 10% lower risk of COPD (HR 0.90; 95% CI 0.81-0.99, p=0.029).>° Although our models are
different, the results are similar. However, in the subgroup analysis of vitamin E, our results show that the correlation between
vitamin E and COPD is age-dependent and gender-dependent. The association is different between men and women and
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Figure 2 Smooth curve Fitting Detected A nonlinear negative relationship between serum vitamins, carotenoids, and COPD was detected by the generalized additive
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COPD. (D) The relationship between Trans-beta-carotene and COPD. (E) The relationship between Cis-beta-carotene and COPD.
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Table 3 Subgroup Analysis for the Association Between Serum Vitamins, Carotenoids, and COPD

COPD OR (95% CI) P for Interaction

A. Vitamin C (mg/dL)

Gender 0.3328

Male n=1703 0.85 (0.56, 1.27)

Female n=1784 0.63 (0.41, 0.97)

Age group (years) 0.4837

40—49 n=727 1.38 (0.31, 6.09)

50—59 n=849 0.47 (0.21, 1.02)

60—69 n=1003 0.64 (0.36, 1.11)

270 n=908 0.82 (0.53, 1.28)

Diabetes 0.5038

Yes n=759 0.62 (0.37, 1.05)

No n=2728 0.77 (0.54, 1.09)

Smoked at least 100 cigarettes in life 0.6698

Yes n=1571 0.75 (0.54, 1.03)

No n=1916 0.62 (0.29, 1.33)

Ever had a drink or any kind of alcohol 0.5453

Yes n=2926 0.74 (0.54, 1.01)

No n=561 0.50 (0.15, 1.73)

Moderate physical activity 0.8678

Yes n=1331 0.70 (0.45, 1.08)

No n=2156 0.73 (0.49, 1.08)

B. Alpha-tocopherol (ug/dL)

Gender 0.0165

Male n=1703 1.00 (1.00, 1.00)

Female n=1784 1.00 (1.00, 1.00)

Age group (years) 0.0152

40—49 n=727 1.00 (0.99, 1.00)

50—59 n=849 1.00 (1.00, 1.00)

60—69 n=1003 1.00 (1.00, 1.00)

270 n=908 1.00 (1.00, 1.00)

Diabetes 0.8106

Yes n=759 1.00 (1.00, 1.00)

No n=2728 1.00 (1.00, 1.00)

Smoked at least 100 cigarettes in life 0.4515

Yes n=1571 1.00 (1.00, 1.00)

No n=1916 1.00 (1.00, 1.00)

Ever had a drink or any kind of alcohol 0.2928

Yes n=2926 1.00 (1.00, 1.00)

No n=561 1.00 (1.00, 1.00)

Moderate physical activity 0.3058

Yes n=1331 1.00 (1.00, 1.00)

No n=2156 1.00 (1.00, 1.00)

C. Alpha-carotene (ug/dL)

Gender 0.2561

Male n=1703 0.90 (0.82, 0.99)

Female n=1784 0.96 (0.90, 1.03)

Age group (years) 0.2042

40—49 n=727 0.98 (0.85, 1.14)

50—59 n=849 0.79 (0.63, 1.00)

60—69 n=1003 0.90 (0.80, 1.01)

270 n=908 0.97 (0.92, 1.02)

(Continued)
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Table 3 (Continued).
COPD OR (95% CI) P for Interaction
Diabetes 0.9842
Yes n=759 0.93 (0.83, 1.05)
No n=2728 0.94 (0.88, 1.00)
Smoked at least 100 cigarettes in life 0.5476
Yes n=1571 0.93 (0.87, 1.00)
No n=1916 0.97 (0.88, 1.06)
Ever had a drink or any kind of alcohol 0.6450
Yes n=2926 0.94 (0.88, 1.00)
No n=561 0.97 (0.88, 1.07)
Moderate physical activity 0.6216
Yes n=1331 0.92 (0.84, 1.01)
No n=2156 0.95 (0.88, 1.01)
D. Trans-beta-carotene (ug/dL)
Gender 0.8235
Male n=1703 0.98 (0.96, 1.00)
Female n=1784 0.98 (0.97, 1.00)
Age group (years) 0.6008
40—49 n=727 0.96 (0.87, 1.06)
50—59 n=849 0.96 (0.92, 1.00)
60—69 n=1003 0.98 (0.96, 1.01)
270 n=908 0.98 (0.97, 1.00)
Diabetes 0.1061
Yes n=759 1.00 (0.97, 1.02)
No n=2728 0.97 (0.96, 0.99)
Smoked at least 100 cigarettes in life 0.8973
Yes n=1571 0.98 (0.97, 1.00)
No n=1916 0.98 (0.96, 1.01)
Ever had a drink or any kind of alcohol 0.2536
Yes n=2926 0.98 (0.97, 1.00)
No n=561 0.96 (0.92, 1.01)
Moderate physical activity 0.1640
Yes n=1331 0.99 (0.97, 1.01)
No n=2156 0.97 (0.95, 0.99)
E. Cis-beta-carotene (ug/dL)
Gender 0.1575
Male n=1703 0.52 (0.32, 0.87)
Female n=1784 0.80 (0.58, 1.10)
Age group (years) 0.1335
40—49 n=727 0.01 (0.00,16.61)
50—59 n=849 0.39 (0.15, 1.02)
60—69 n=1003 0.74 (0.41, 1.31)
270 n=908 0.78 (0.56, 1.08)
Diabetes 03118
Yes n=759 0.80 (0.48, 1.34)
No n=2728 0.58 (0.40, 0.83)
Smoked at least 100 cigarettes in life 0.8715
Yes n=1571 0.68 (0.49, 0.95)
No n=1916 0.72 (0.41, 1.25)
Ever had a drink or any kind of alcohol 0.3219
Yes n=2926 0.72 (0.53, 0.98)
No n=561 047 (0.19, 1.17)
(Continued)
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Table 3 (Continued).

COPD OR (95% CI) P for Interaction
Moderate physical activity 0.4853
Yes n=1331 0.74 (0.51, 1.09)

No n=2156 0.61 (0.41, 0.92)

F. 250HD2+250HD3(nmol/L)

Gender 0.3189
Male n=1703 1.00 (0.99, 1.01)

Female n=1784 1.00 (1.00, 1.01)

Age group (years) 0.9886
40—49 n=727 1.00 (0.97, 1.03)

50—59 n=849 1.00 (0.99, 1.01)

60—69 n=1003 1.00 (0.99, 1.01)

=70 n=908 1.00 (0.99, 1.01)

Diabetes 0.2614
Yes n=759 1.00 (0.99, 1.00)

No n=2728 1.00 (1.00, 1.01)

Smoked at least 100 cigarettes in life 0.3150
Yes n=1571 1.00 (0.99, 1.00)

No n=1916 1.01 (1.00, 1.02)

Ever had a drink or any kind of alcohol 0.0857
Yes n=2926 1.01 (1.00, 1.02)

No n=561 0.98 (0.95, 1.01)

Moderate physical activity 0.1480
Yes n=1331 1.00 (0.99, 1.00)

No n=2156 1.00 (1.00, 1.01)

between different ages, which may be related to factors such as hormone level and vitamin E utilization level. Still, relevant
researches have not confirmed it and further studies are needed. Van’s research showed that low levels of vitamin A (the main
expression form of carotenoids) may increase the susceptibility to the development of emphysema induced by cigarette
smoke.?! From 631 elderly women with moderate and severe disabilities in American communities, it was found that the
higher serum concentration of o -carotene P -carotene was positively correlated with FEV1 and FVC (P< 0.05).?? Similarly, in
the study of young people with coronary artery risk development, the change of vitamin A precursor carotenoid concentration
in 15 years was related to the slow decline of the maximum FVC and FEV (P < 0.04).>* However, an analysis from NHANES
pointed out that the incidence of respiratory diseases has no apparent correlation with serum vitamin A levels. Still, the
mortality rate may be related to it.>* We think this may be caused by the wide variety of diseases included in the study. It is not
difficult to find that many previous studies focused on special populations (especially women) and carried out a wide range of
statistical analyses centered on systemic diseases, leading to the unconvincing relevance. As far as we know, our research is the
first comprehensive study on the correlation between the levels of vitamins and carotenoids and the risk of COPD. It is a more
intuitive and scientific inquiry. Based on serology, which reveals explicitly the great clinical significance that such serological
indicators may bring to this disease.

The mechanism that high levels of vitamin C, vitamin E, a-carotene, and -carotene in serum are related to the lower risk of
COPD is complicated, and there is no clear conclusion. The characteristics of COPD include airway inflammation, airway
remodeling, and emphysema. Cigarette smoke is the leading risk factor, which can not only trigger pulmonary infiltration of
neutrophils, enhance the production of cytokines, and activate pro-inflammatory factors but also contain many oxidants.*
Many studies show that oxidative stress in the lung has a significant influence, and infiltrated inflammatory cells can also
produce a lot of reactive oxygen species, which reduces endogenous antioxidant function.”® Hanson suggested that the role of
vitamin C in scavenging superoxide radicals and reducing antioxidant damage implies a protective effect on lung tissue.?’”
Experimental research by Koike also indicated that sufficient vitamin C could potentially treat and prevent emphysema in
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mice by reducing oxidative stress, stimulating collagen synthesis, and enhancing vascular endothelial growth factor
(VEGF).?® It counteracts endogenous and exogenous oxidants by enhancing epithelial barrier function and influencing innate
and adaptive immune cells. These mechanisms explain our research results.

At the same time, in our study, o -tocopherol with the broadest distribution, the highest activity, and the highest
concentration in serum was used to study the effect of vitamin E. It primarily exerts its potent antioxidant effects through
chain-breaking activities, membrane repair, and free extreme scavenging actions. A bioinformatics analysis by Zhao
revealed that vitamin E alleviates cigarette smoke (CS)-induced inflammation, apoptosis, and reactive oxygen species
(ROS) production by inhibiting the EGFR/MAPK axis, which in turn blocks COX2-mediated p-STAT3 nuclear
translocation.?’ Our research results also support a-tocopherol to exert its antioxidant and anti-inflammatory properties.

Carotenoids primarily act by inhibiting the NF-xB, MAPK, JAK/STAT-3, and PI3K/AKT pathways and activating the
NRF2/HO-1 pathway.>® Meanwhile, A notable instance is the ability of B-carotene to quench singlet oxygen. Besides,
bioactive compounds can also induce epigenetic changes, like histone deacetylase (HDAC) modification, thus inhibiting
the production of pro-inflammatory cytokines.?' Therefore, its antioxidant capacity may explain its association with COPD.

Numerous recent revelations have shed light on myriad new locations for vitamin D and its receptor, VDR, across various
organ systems, thereby accentuating their potential role in modulating inflammation and bolstering immunity.**** It can
regulate a series of genes related to cell proliferation and differentiation, cell control, apoptosis, and host defense mechanisms.
Although it’s widely recognized that vitamin D deficiency frequently plagues patients suffering from COPD, the relationship
between serum vitamin D concentrations and COPD and the underlying mechanical interplay continues to be ambiguous.**
An array of differing viewpoints characterizes the discourse in this area. For instance, research by Camargo suggested that
COPD patients who are severely deficient in vitamin D might witness benefits from a regular monthly regimen of vitamin
D supplementation.’® In contrast, a 2013 meta-analysis indicated that only a subset (four sevenths) of the scrutinized
observational studies could establish a link between dietary vitamin D intake and pulmonary function.”” Adding further to
this, pertinent randomized controlled trials have shown that augmenting serum vitamin D levels failed to attenuate the
incidence of acute exacerbations in COPD patients who are deficient in vitamin D.*®

Surprisingly, our investigation failed to establish a significant link between COPD incidence and serum vitamin D (250HD2
+250HD3) concentrations. One possible explanation for this finding could be the selective impact of vitamin D on pulmonary
function in susceptible populations.®” Furthermore, it’s been demonstrated that the associations between serum 25(OH)D levels
and COPD are contingent on variables such as skin color, air pollution,®® and smoking habits,*® our research cannot eliminate the
influence of these variables. This is a new challenge for whether to supplement vitamin D as a treatment option.

Our research has several advantages. To ensure the accuracy of the results, we used appropriate weight and confounding
factor analysis in the analysis process. Secondly, the study quoted much representative data from NHANES, covering a variety
of vitamins and carotenoids, and proved a nonlinear negative correlation among them, which was improved by smooth curve
fitting. However, limitations are inevitable. First, because this study is a cross-sectional analysis, it is based on correlation
analysis, and exploring the causal relationship of effects is impossible. Secondly, the covariates we include may not be
completely accurate, which may affect the accuracy of the results. The mechanism of the serological level, the risk of COPD,
and the application value of indicators still need further study.

Conclusion

Our cross-sectional analysis revealed associations between specific serum vitamins and carotenoids with the risk of COPD,
suggesting the potential of these micronutrients in mitigating or slowing down the evolution and progression of COPD.
Compared to intake studies, serum levels are more intuitive in revealing associations between variables. Therefore, recom-
mendations for dietary supplement intake need to be approached with prudence, and the need for more prospective research
and meticulously planned randomized controlled trials is evident.

Data Sharing Statement

The study utilized publicly available datasets. These statistics can be accessed at www.cdc.gov/nchs/nhanes/.
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