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Background: In human health, vitamins play a vital role in various metabolic and regulatory processes and in the proper functioning 
of cells. Currently, the effect of Vitamin E (VE) intake on multiple causes of death in Chronic obstructive pulmonary disease (COPD) 
patients is unclear. Therefore, this paper aims to investigate the relationship between VE and multiple causes of death in COPD 
patients, to guide the rationalization of dietary structure and reduce the risk of COPD death.
Methods: This study screened patients with COPD aged ≥40 years from the National Health and Nutrition Examination Survey 
(NHANES) database 2008–2018. Weighted COX regression was used to analyze the association between VE intake and multiple 
causes of death in COPD. The restricted cubic spline(RCS) is drawn to show their relationship. Finally, we conducted a subgroup 
analysis for further verification.
Results: A total of 1261 participants were included in this study. After adjustment for multiple covariates, VE intake was associated 
with all-cause death in COPD patients, and chronic lower respiratory disease (CLRD) deaths were linearly associated with 
cardiovascular disease (CVD) deaths there was no such correlation. Subgroup analyses showed no interaction between subgroups, 
further validating the robustness of the relationship.
Conclusion: In COPD patients, VE intake was negatively associated with all-cause mortality and CLRD death. Higher VE intake 
reduces the risk of all-cause mortality and CLRD death in COPD patients.
Keywords: vitamin E, COPD, CVD, CLRD, COX regression analyses

Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous lung condition characterised by chronic respiratory 
symptoms, usually manifesting as persistent, progressively worsening airflow obstruction.1 It often occurs in the 40–50 
years of age.2 In 2019, according to the global initiative for chronic obstructive lung disease (GOLD), the global 
prevalence of COPD was approximately 10%, totaling nearly 400 million people.3 Over time, the economic burden of 
COPD will increase due to the persistence of risk factors and the aging population.1 Currently, cardiovascular disease 
(CVD) and chronic lower respiratory disease (CLRD) dominate multiple causes of death globally.4–7 People with COPD 
die not only because of an acute exacerbation, but about two-thirds die from extrapulmonary causes, such as CVD and 
cancer.8 CVD is the most common cause of death from extrapulmonary causes, accounting for 16–39% of all deaths.9–11
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Diet is recognized as a modifiable risk factor for the development and progression of chronic diseases.12 As an 
important part of the diet, vitamins are divided into fat-soluble vitamins and water-soluble vitamins, which are essential 
for normal cell function, growth and development.13,14 So deficiencies in these micronutrients can lead to a variety of 
clinical abnormalities, and optimizing levels in the body can lead to positive health outcomes.15,16 So far, studies have 
confirmed that vitamins A, C, D, E, B2, B6, and B12 are closely related to the regulation of immunity.17,18 

Supplementation of appropriate vitamins can help the body improve immune function and reduce the impact of pathogen 
infection, which is a universal anti-infection program with feasibility and effectiveness in lung infections.18,19 At the 
same time, for other causes of oxidative stress in the lungs, healthy dietary patterns and specific nutrient intake can 
reduce its response, thereby reducing the damage to the body.20,21

In COPD, there have been previous studies of vitamin E (VE) in relation to disease.22–24 It has also been shown that VE 
is associated with lung function and cardiovascular disease.25–27 However, there are no studies examining the association 
between VE and all-cause, CVD, and CLRD deaths in COPD patients. For the first time, we examined the association 
between VE intake and all-cause, CVD, and CLRD deaths in COPD patients by combining the contents of the National 
Health and Nutrition Examination Survey (NHANES) database, which included COPD patients aged 40 years and older.

Research Design and Methods
Population Studied
The NHANES is a long-term, stratified, multistage sample study in which data are obtained through interviews and 
physical examinations. Therefore, the NHANES database has the advantages of large sample size, rich information 
sources, follow-up information and reliable data, and is open to all researchers. The database is conducted every 2 years, 
and about 5000 people across the country are surveyed each year. And all participants signed an informed consent form 
provided by the NHANES Ethics Review Committee.

We selected COPD (n = 2244) from 2008–2018 (5 cycles) in NHANES (https://wwwn.cdc.gov/nchs/nhanes/Default.aspx). 
Exclusion criteria were (1) no follow-up information (n = 9); (2) <40 years of age (n = 89); (3) pregnant or with a tumor at the time 
of the cross-sectional survey (n = 832); and (4) missing values (n = 414). Ultimately, we included a total of 1261 COPD for 
analysis (Figure 1).

Figure 1 Participant selection process.
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Definition of COPD
The definition of COPD was mainly based on pulmonary function tests, COPD questionnaire reports (MCQ160G, 
MCQ160P) and medication use.

1. FEV1/FVC <0.7 after inhaled bronchodilators.
2. Have you been diagnosed with emphysema in the past? (MCQ160G, MCQ160P)
3. Use of medications for COPD (leukotriene modulators, inhaled corticosteroids, selective phosphodiesterase-4 

inhibitors, mast cell stabilizers)? In addition, history of smoking or chronic bronchitis, age over 40 years.

VE Intake
NHANES staff obtained the type and amount of food and beverages (including all types of water) consumed by 
participants in the 24 hours prior to the inquiry through an interview format. They were further processed into the 
USDA’s Food and Nutrient Database for Dietary Studies (FNDDS) to assess the intake of energy, nutrients, and other 
food components in these foods and beverages. We obtained information on the daily dietary VE content from NHANES, 
which was transformed it into log2 for analysis due to its large value.

Covariate Indicators
NHANES staff obtained information through standardized questionnaires on age group (40–64 or ≥65), sex (male or 
female), marriage (married/living with partner, never married or widowed/divorced/separated), race (white or other), 
insurance status (yes or no), drinking status (yes or no), smoking status (former, never or now), body mass index (BMI) 
(<30 or ≥30), education level (high school diploma, lower than high school or more than high school), poverty income 
ratio (PIR) (≥3 or <3), hypertension (yes or no), and diabetes mellitus (pre-diabetes, yes or no). PIR ranges from 0 (no 
family income) to 5 (family income at least five times the annual federal poverty level). Insurance status specifically 
refers to whether or not family insurance is purchased. Smoking is categorized as non-smoking, former smoking, and 
current smoking. They were defined as having smoked fewer than 100 cigarettes in their lifetime, more than 100 
cigarettes but not currently smoking, and having smoked more than 100 cigarettes and still smoking, respectively.28 BMI 
is weight/height2 (kg/m2), and ≥30 kg/m2 is considered obese.

Study Outcome
The outcome is death or end of follow-up. As of December 31, 2019, as determined by the National Death Index Record, 
whichever arrives first.CVD death codes are E10-E14, I00-I09, I11, I13, I60-I69, N00-N07, N17-N19, N25-N27.CLRD 
death codes are J09-J18, J40-J47.

Statistical Analysis
The NHANES database used a complex sampling design and constructed sample weights to obtain a nationally 
representative sample. Appropriate weights (1/10 × wtmec2yr) were selected based on the study factors and results of 
this study, and the results of the following statistical analyses were based on the weighting of the data. All statistical 
analyses were performed using R software version 4.2.1, and P < 0.05 (two-sided) was considered statistically 
significant. The optimal cut-off value for VE that was most significantly associated with survival outcomes was 
determined using the maximum selected rank statistics method (MSRSM) and divided into high and low VE groups 
according to this value. Continuous variables were expressed as weighted means and standard deviations, and categorical 
variables were expressed as weighted percentages. We compared differences between groups using the chi-square test. 
We then assessed the hazard ratio (HR) of daily dietary VE content to all-cause, CVD, and CLRD mortality in COPD 
using weighted multivariate COX regression models and calculated 95% confidence intervals (CIs).

We analyzed three model outcomes for each death outcome. Model 1 was fitted for age, gender, race, marriage, and 
education. Model 2 adjusted for smoking, alcohol consumption, PIR and insurance factors on the basis of Model 1. 
Model 3 also adjusted for hypertension and diabetes factors on top of Model 2. We then plotted restricted cubic spline 
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(RCS) to explore the dose-response associations between VE and the risk of all-cause, CVD, and CLRD mortality in 
COPD. Kaplan-Meier method was used to analyze the survival differences of COPD causes of death between the high 
and low VE groups. Finally, we further stratified analyses by sex, age, race, marriage, smoking status, drinking status, 
and education level. Potential modification effects were examined by multiplicative interaction tests.

Results
Baseline Characteristic
Among 1261 COPD patients aged 40 years and older, the median follow-up time was 8.25 years. As can be observed 
from Table 1, COPD often occurs in people who are 40–64 years old, male, married or in cohabitation, highly educated, 
former or current smokers, drinkers, and often uncomplicated with obesity and diabetes. The optimal log2-VE cutoff 
value (3.36) was determined according to MSRSM (Figure 2), and participants were divided into high VE intake group 

Table 1 Baseline Characteristics of Participants in NHANES 2008–2018

Characteristics Total  
(N = 1261)

Alive  
(N = 791)

All-Cause  
Dead (N = 470)

P CVD Dead  
(N = 153)

P CLRD dead  
(N = 120)

p

Age group (%) <0.0001 <0.0001 <0.0001

40–64 683(64.44) 535(75.24) 148(37.06) 48(41.60) 35(33.90)

≥65 578(35.56) 256(24.76) 322(62.94) 105(58.40) 85(66.10)

Marriage (%) 0.001 0.09 0.01

Married/Living with Partner 706(63.64) 461(65.79) 245(58.20) 78(62.44) 59(58.35)

Never married 84(5.87) 62(6.80) 22(3.52) 7(2.75) 4(1.75)

Widowed/Divorced/Separated 471(30.49) 268(27.42) 203(38.28) 68(34.81) 57(39.89)

Sex (%) 0.17 <0.001 0.95

Female 554(48.11) 383(49.57) 171(44.43) 48(32.78) 48(49.92)

Male 707(51.89) 408(50.43) 299(55.57) 105(67.22) 72(50.08)

Race (%) 0.1 0.79 0.003

Other 464(17.76) 319(18.82) 145(15.05) 52(17.75) 28(10.09)

White 797(82.24) 472(81.18) 325(84.95) 101(82.25) 92(89.91)

Education level (%) <0.0001 <0.001 0.001

High school diploma 299(25.88) 195(26.59) 104(24.09) 30(20.19) 33(33.41)

Lower than high school 444(26.77) 246(22.63) 198(37.26) 74(44.70) 53(38.07)

More than high school 518(47.35) 350(50.78) 168(38.65) 49(35.11) 34(28.52)

Poverty income ratio (%) <0.0001 0.01 <0.001

<3 897(59.92) 522(54.04) 375(74.81) 118(72.33) 96(77.70)

≥3 364(40.08) 269(45.96) 95(25.19) 35(27.67) 24(22.30)

Insurance status 0.1 0.72 0.18

No 138(11.12) 101(12.17) 37(8.46) 12(10.78) 8(6.74)

Yes 1123(88.88) 690(87.83) 433(91.54) 141(89.22) 112(93.26)

Smoking status (%) 0.002 0.24 0.004

Former 589(45.73) 335(42.85) 254(53.03) 78(47.15) 72(57.75)

Never 200(17.14) 151(19.61) 49(10.89) 17(11.76) 5(3.95)

Now 472(37.13) 305(37.54) 167(36.08) 58(41.08) 43(38.30)

Drinking status (%) 0.85 0.67 0.35

No 89(5.72) 61(5.80) 28(5.52) 11(6.78) 4(3.29)

Yes 1172(94.28) 730(94.20) 442(94.48) 142(93.22) 116(96.71)

BMI (kg/m2) (%) 0.34 0.69 0.22

<30 761(59.35) 449(58.41) 312(61.72) 100(60.50) 89(66.86)

≥30 500(40.65) 342(41.59) 158(38.28) 53(39.50) 31(33.14)

Hypertension (%) 0.001 <0.001 0.59

No 553(49.63) 370(53.26) 183(40.46) 50(33.10) 55(49.82)

Yes 708(50.37) 421(46.74) 287(59.54) 103(66.90) 65(50.18)

(Continued)
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(log2-VE≥3.36) and low VE intake group (log2-VE<3.36). COPD was more likely to occur in those with low VE intake, 
and VE intake was lower in those with all-cause, CVD, and CLRD deaths compared with those who survived, implying 
that VE intake may be negatively associated with all-cause, CVD, and CLRD deaths in COPD patients. Regardless of the 
levels of vitamins A, B6, B12, and C, there was no significant difference in the distribution of all-cause, CVD, and CLRD 
mortality among COPD patients.

Association of VE with All-Cause Mortality in COPD
Among 1261 COPD, 791 survived (median follow-up time of about 9.58 years) and 470 died (median follow-up time of 
about 5.54 years). Table 2 demonstrates the Results of our analysis of the association between log2-VE and all-cause 
mortality in COPD patients using weighted multifactorial COX regression, which ultimately revealed a negative 
association between log2-VE and all-cause mortality in COPD after stepwise adjustments in several models (all P < 
0.05). In the complete model, HR in the high-VE group was 0.64 (0.44, 0.92) and P = 0.02 compared to the low-VE 
group. log2-VE remained negatively associated with all-cause death in COPD (HR: 0.86, 95% CI: 0.77–0.97, P = 0.01), 
suggesting that the risk of all-cause death in COPD patients was reduced by 14% for every unit increase in log2-VE. The 
RCS plot also visualized a negative linear association between log2-VE and all-cause mortality in COPD (Figure 3A). 
Kaplan-Meier analysis showed a difference in survival in terms of all-cause death between the high and low VE groups 
(P < 0.001), with higher survival in the high VE group (Figure 4A).

Additionally, we conducted subgroup analyses for groups without and with adjustments for other vitamins (Vitamins A, 
B6, B12, C), categorized by age, sex, marital status, race, smoking status, alcohol consumption, BMI, and education level. 

Table 1 (Continued). 

Characteristics Total  
(N = 1261)

Alive  
(N = 791)

All-Cause  
Dead (N = 470)

P CVD Dead  
(N = 153)

P CLRD dead  
(N = 120)

p

Diabetes mellitus (%) 0.04 0.02 0.34

Pre-diabetes 39(2.73) 19(2.17) 20(4.12) 7(3.94) 6(5.01)

No 961(81.16) 620(83.41) 341(75.48) 108(70.56) 92(79.24)

Yes 261(16.11) 152(14.42) 109(20.40) 38(25.50) 22(15.75)

Log2-vitamin E (mg) 2.60±0.05 2.69±0.05 2.36±0.05 <0.0001 2.38±0.12 0.01 2.25±0.09 <0.0001

Q1 (< 3.36) 1009(76.92) 608(73.34) 401(85.99) <0.001 129(80.39) 0.21 105(90.75) <0.001

Q2 (≥ 3.36) 252(23.08) 183(26.66) 69(14.01) 24(19.61) 15(9.25)

Vitamin B12 (ug) 0.03 0.39 0.14

Q1 [0,2.06] 321(24.69) 205(25.09) 116(23.68) 37(23.07) 31(21.97)

Q2 (2.06,3.73] 313(23.39) 188(21.29) 125(28.73) 43(29.09) 32(25.07)

Q3 (3.73,5.95] 312(25.31) 188(24.56) 124(27.21) 36(24.50) 33(33.73)

Q4 (5.95,57.42] 315(26.61) 210(29.07) 105(20.38) 37(23.34) 24(19.24)

Vitamin A (ug) 0.06 0.16 0.06

Q1 [0,237] 316(23.40) 218(24.59) 98(20.39) 32(21.77) 24(14.48)

Q2 (237,434] 315(25.13) 192(23.52) 123(29.18) 48(32.56) 30(32.19)

Q3 (434,721] 316(25.42) 182(24.30) 134(28.28) 38(26.78) 36(30.89)

Q4 (721,6075] 314(26.05) 199(27.59) 115(22.15) 35(18.89) 30(22.44)

Vitamin B6 (mg) 0.003 0.03 0.04

Q1 [0.03,1.03] 316(24.02) 182(21.44) 134(30.54) 35(24.48) 37(29.42)

Q2 (1.03,1.53] 315(22.22) 200(21.26) 115(24.65) 48(34.08) 30(21.78)

Q3 (1.53,2.21] 315(25.69) 192(26.18) 123(24.45) 37(20.48) 37(33.03)

Q4 (2.21,26.04] 315(28.08) 217(31.12) 98(20.37) 33(20.96) 16(15.78)

Vitamin C (mg) 0.33 0.22 0.6

Q1 [0,16.9] 317(24.65) 207(24.29) 110(25.55) 33(25.88) 25(21.04)

Q2 (16.9,42.42] 314(23.95) 191(22.55) 123(27.47) 42(30.74) 33(28.75)

Q3 (42.42,99.7] 316(25.16) 194(25.80) 122(23.53) 46(24.63) 31(22.28)

Q4 (99.7,1617.8] 314(26.25) 199(27.35) 115(23.45) 32(18.75) 31(27.94)
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We found that in the group without adjustments for other vitamins, the relationship between Vitamin E intake and all-cause 
mortality in COPD patients showed no significant interactions among the subgroups except for BMI (all P > 0.05). In the 
group with adjustments for other vitamins, there were no significant interactions among the subgroups (all P > 0.05) 
(Table 3). The subgroup analysis results were generally consistent between the two groups, suggesting that the intake of 
other vitamins does not confound the relationship between Vitamin E intake and all-cause mortality risk in COPD patients. 
Moreover, after adjusting for other vitamins, statistical significance was observed in the subgroups of those who were 
married or had a partner, had never smoked, and had an education level above high school, where the intake of other 
vitamins could influence the effect of Vitamin E on the prognosis of all-cause mortality in COPD patients (Table 3).

Association of VE with CVD Mortality in COPD
153 out of 1261 participants died of CVD with a median follow-up time of approximately 5.17 years. The results in 
Table 2 show that in the final model, there was no significant association between log2-VE and CVD deaths in COPD 
patients, either in continuous values or in subgroups (HR 0.84 (0.69, 1.02), 0.75 (0.40, 1.41), respectively, both P > 0.05).

Figure 2 The MSRSM method divides vitamin E into the high and low vitamin E groups.

Table 2 Association of Vitamin E with Risk of COPD All-Cause, CVD, and CLRD 
Mortality

Log2-vitamin E

Continuous P Q1 Q2 P

All-cause mortality

Model 1 0.83 (0.74, 0.93) <0.001 ref 0.58 (0.40, 0.84) 0.004
Model 2 0.86 (0.77, 0.97) 0.01 ref 0.63 (0.44, 0.91) 0.01

Model 3 0.86 (0.77, 0.97) 0.01 ref 0.64 (0.44, 0.92) 0.02
CVD mortality

Model 1 0.77 (0.65, 0.92) 0.005 ref 0.67 (0.37, 1.21) 0.18

Model 2 0.81 (0.67, 0.98) 0.03 ref 0.72 (0.40, 1.30) 0.28
Model 3 0.84 (0.69, 1.02) 0.07 ref 0.75 (0.40, 1.41) 0.38

CLVD mortality

Model 1 0.75 (0.63, 0.89) <0.001 ref 0.36 (0.16, 0.81) 0.01
Model 2 0.75 (0.63, 0.89) <0.001 ref 0.43 (0.19, 0.95) 0.04

Model 3 0.77 (0.64, 0.91) 0.003 ref 0.40 (0.18, 0.89) 0.02
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Association of VE with CLRD Mortality in COPD
120 of 1261 COPD patients died of CLRD with a median follow-up of approximately 6.67 years. Multifactorial COX 
regression analysis showed a negative correlation between both log2-VE and death from CLRD in COPD patients (all  
P < 0.05) (Table 2). In the complete model, HR in the high-VE group was 0.40 (0.18, 0.89) and P = 0.02 compared to the 
low-VE group (Table 2). And log2-VE remained negatively associated with CLRD death in COPD (HR: 0.77, 95% CI: 
0.64–0.91, P = 0.003), suggesting that for every unit increase in log2-VE, the risk of CLRD death in COPD patients was 
reduced by 23% (Table 2). The RCS plot also visualized a negative linear association between log2-VE and CLRD death 
in COPD (Figure 3B). The Kaplan-Meier survival curve showed that CLRD mortality was lower in the high-VE group 
than in the low-VE group (P < 0.001) (Figure 4B).

Additionally, we conducted subgroup analyses for groups without and with adjustments for other vitamins (Vitamin 
A, B6, B12, C), categorized by age, sex, race, smoking status, BMI, and education level. The results indicated that, 
regardless of adjustments for other vitamins, the relationship between Vitamin E intake and CLRD mortality risk in 
COPD patients remained consistent, with no significant interactions among the subgroups (all P > 0.05) (Table 4). The 
subgroup analysis results were generally consistent between the two groups, suggesting that the intake of other vitamins 

Figure 3 Association between vitamin E intake and risk of COPD all-cause (A) and CLRD (B) mortality in the 2008-2018 NHANES survey.
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does not confound the relationship between Vitamin E intake and CLRD mortality risk in COPD patients. Moreover, 
after adjusting for other vitamins, statistical significance was observed in the subgroups aged ≥65 years or with a BMI 
≥30 kg/m², where the intake of other vitamins could influence the effect of Vitamin E on CLRD mortality prognosis in 
COPD patients (Table 4).

Figure 4 Difference in survival between high and low vitamin E groups of COPD patients. (A) all-cause mortality. (B) CLRD mortality.

Table 3 Stratified Analysis of the Association Between Vitamin E and Risk of All-Cause Mortality in COPD

Character Q1 No Adjustment for Other Vitamins Adjustment for Other Vitamins

Q2 P P for  
interaction

Q2 P P for  
Interaction

Sex 0.41 0.38

Male Ref 0.57(0.35,0.92) 0.02 0.45(0.29,0.71) <0.001
Female Ref 0.47(0.21,1.08) 0.08 0.64(0.33,1.25) 0.19

Age group 0.91 0.89

40–64 Ref 0.80(0.39,1.64) 0.55 0.60(0.35,1.04) 0.07
≥65 Ref 0.62(0.40,0.94) 0.03 0.59(0.37,0.92) 0.02

Marriage 0.1 0.1

Widowed/Divorced/Separated Ref 0.57(0.31,1.03) 0.06 0.81(0.45,1.45) 0.47
Married/Living with Partner Ref 0.61(0.33,1.12) 0.11 0.51(0.31,0.84) 0.01

Never married Ref 0.01(0.00,0.47) 0.02 0.13(0.02,0.81) 0.03

(Continued)
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Table 3 (Continued). 

Character Q1 No Adjustment for Other Vitamins Adjustment for Other Vitamins

Q2 P P for  
interaction

Q2 P P for  
Interaction

Race 0.58 0.83
White Ref 0.59(0.37,0.96) 0.03 0.52(0.34,0.78) 0.002

Other Ref 0.50(0.21,1.15) 0.1 0.67(0.33,1.36) 0.26

Smoking status 0.79 0.73
Former Ref 0.58(0.32,1.05) 0.07 0.50(0.32,0.80) 0.004

Now Ref 0.54(0.26,1.12) 0.1 0.64(0.35,1.18) 0.16

Never Ref 0.41(0.08,2.02) 0.27 0.48(0.15,1.52) 0.21
Drinking status 0.34 0.39

Yes Ref 0.57(0.36,0.90) 0.02 0.54(0.37,0.79) 0.001

No Ref 0.10(0.01,1.03) 0.05 0.24(0.03,1.65) 0.15
BMI 0.04 0.06

<30 Ref 0.79(0.38,1.61) 0.51 0.88(0.48,1.62) 0.69

≥30 Ref 0.44(0.26,0.76) 0.003 0.39(0.24,0.62) <0.001
Education level 0.75 0.75

High school diploma Ref 0.29(0.11,0.73) 0.01 0.47(0.24,0.93) 0.03

Lower than high school Ref 0.62(0.28,1.38) 0.24 0.70(0.34,1.45) 0.34
More than high school Ref 0.64(0.35,1.19) 0.16 0.54(0.32,0.93) 0.03

Table 4 Stratified Analysis of the Association Between Vitamin E and Risk of CLRD Mortality in COPD

Character Q1 No Adjustment for Other Vitamins Adjustment for Other Vitamins

Q2 P P for  
Interaction

Q2 P P for  
Interaction

Sex 0.62 0.65

Male Ref 0.27(0.12,0.61) 0.002 0.33(0.13,0.87) 0.02

Female Ref 0.42(0.09,1.89) 0.26 0.19(0.03, 1.30) 0.09
Age group 0.46 0.31

40–64 Ref 0.25(0.07,0.83) 0.02 0.21(0.04, 1.03) 0.05

≥65 Ref 0.42(0.18,1.01) 0.05 0.41(0.18,0.97) 0.04
Race 0.56 0.71

White Ref 0.31(0.14,0.70) 0.005 0.27(0.09,0.78) 0.02

Other Ref 0.53(0.15,1.92) 0.33 0.29(0.08, 1.06) 0.06
Smoking status 0.99 0.98

Former Ref 0.34(0.14,0.83) 0.02 0.30(0.11,0.87) 0.03

Now Ref 0.31(0.09,1.12) 0.07 0.21(0.03, 1.49) 0.12
Never Ref 0.35(0.03,3.72) 0.38 0.16(0.00, 8.25) 0.36

BMI (kg/m2) 0.6 0.72

≥30 Ref 0.42(0.13,1.33) 0.14 0.21(0.05, 0.88) 0.03
<30 Ref 0.28(0.11,0.71) 0.01 0.32(0.10,0.99) 0.05

Education 0.59 0.63

High school diploma Ref 0.21(0.06,0.72) 0.01 0.10(0.02, 0.57) 0.01
Lower than high school Ref 0.48(0.11,2.17) 0.34 0.41(0.09,1.81) 0.24

More than high school Ref 0.40(0.15,1.09) 0.07 0.32(0.09, 1.11) 0.07
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Discussion
For this study, we utilized the NHANES database, which is rich in content, scientific, and reliable. Previous studies have 
found that VE intake is positively associated with lung function25 and negatively associated with the risk of COPD.23 Our 
study confirmed that dietary VE intake was also inversely associated with all-cause and CLRD deaths in COPD, with 
a significant dose-response relationship through a generalized additive model. There was no significant correlation with 
CVD death in COPD patients.

COPD is a leading cause of morbidity, mortality and healthcare consumption worldwide,29 which is caused by 
exposure to inhaled toxic particles, especially tobacco smoke and pollutants.30 In recent years, increasing attention has 
been paid to a wide range of factors that increase the risk of COPD development and progression throughout the life 
course, including early lung development and infection.1 Dietary factors might modulate the effects of adverse environ
mental exposures or genetic predisposition on the lungs, but may also have direct (protective or harmful) effects on 
biological processes involved in lung function, disease development and outcome.31–33

Vitamins are a group of organic compounds that are essential to the physiological functioning of the body. Vitamin 
content has a positive significance in the development of the lungs and already plays a role in the development of the 
foetal lungs during pregnancy.34,35 At the same time, vitamins, as the main dietary nutrients, are the regulatory factors of 
immune response, and their influence on human immunity is crucial.36 Pulmonary respiratory infection in childhood has 
an important influence on the trajectory of pulmonary function changes in adults and can increase the prevalence of 
COPD.37 Dietary interventions early in life may help lung function remain stable throughout life. What’s more, in 
a randomised trial, the role of vitamin C in preventing acute respiratory infections (ARI) was stronger in men and 
middle-income countries compared with adult women and high-income countries, respectively.38 During COVID-19, 
a controlled study confirmed that supplementation with 1 g/d vitamin C reduced symptoms and shortened disease 
duration, thereby improving recovery rates.39

At present, a number of studies have shown that nutrient intake affects the occurrence of many diseases and deaths.40– 

44 The beneficial effects of nutrition on lung health have also been well explored. Certain micronutrients and phyto
chemicals have been shown to have anti-inflammatory and antioxidant properties that directly target the pathogenesis of 
decreased lung function.45,46 Vitamins A, B6, B12, C, D and E are common anti-inflammatory and antioxidant nutrients. 
A meta-analysis of 44 randomized controlled trials showed that vitamin C reduced all-cause mortality in adults.44 

Another systematic review of 19 randomized controlled trials showed that vitamin A supplementation in children reduced 
morbidity and mortality.43 High serum levels of vitamin D reduce all-cause and CVD mortality in osteoarthritis.40 In 
addition, serum antioxidant vitamin levels may also affect lung disease prognosis. A large study in the United States 
showed that low serum levels of vitamins A, C, D, and E increase the incidence of respiratory disease in addition to 
mortality in adults.47

VE has antioxidant and anti-inflammatory properties. These characteristics may affect the occurrence, progression 
and prognosis of COPD.48,49 The occurrence and deterioration of COPD are related to oxidative stress, inflammatory 
cytokine release, protease activity and autoantibody expression.50 Oxidative stress occurs when reactive oxygen species 
(ROS) overwhelm the body’s antioxidant defense system, damaging DNA, proteins, and lipids, leading to cellular 
damage and even death.51 The lungs are susceptible to oxidative stress because of their hyperoxic environment, abundant 
blood flow, and susceptibility to exposure to pathogens and toxins.51 ROS predispose to lung injury. Messier et al 
established a mouse model and found that water-soluble VE derivatives could prevent lung injury by clearing ROS 
against oxidative stress, genotoxicity and inflammation.52 Zhao et al showed that VE can negatively regulate EGFR/ 
MAPK signaling, reduce ROS, anti-inflammatory and anti-apoptosis, and inhibit Cox2-mediated phosphorylated STAT3 
translocation to alleviate COPD.53

Currently, there are no studies investigating the association between VE and the risk of all-cause, CVD, and CLRD 
mortality in COPD patients. To fill this gap, we conducted a large-sample analysis using the NHANES database. The results 
showed a significant negative correlation between VE intake and the risk of all-cause and CLRD mortality in the COPD 
population, demonstrating a dose-response relationship. Higher VE intake was associated with a reduced risk of all-cause and 
CLRD mortality in COPD patients. However, no significant association was found with CVD mortality risk. VE is known to 
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have antioxidant properties and is hypothesized to protect the cardiovascular system by inhibiting oxidative stress, which is 
inconsistent with our study’s findings. However, numerous high-quality studies have also shown that there is no significant 
association between VE and the risk or mortality of CVD.54–56 The specific mechanisms underlying this lack of association 
remain unclear but may be related to two factors: On one hand, VE might reduce the size of high-density lipoprotein (HDL) 
through unknown gene regulation, thereby increasing the risk of CVD.57,58 On the other hand, Vitamin E may induce the 
production of CYP3A4 or MDR1, thereby reducing the efficacy of certain cardiovascular drugs.56 Therefore, it is not 
necessarily beneficial for cardiovascular mortality. From our study, it is hypothesized that eating as many VE-rich foods as 
possible is beneficial in reducing the risk of COPD all-cause and CLRD deaths, especially in the middle-aged population.

Previous studies have shown that certain vitamins may interact with each other. Low-dose VE combined with other 
vitamins or minerals can reduce individual or all-cause mortality.59 Tocopherols and tocotrienols are the most bioavail
able forms of VE in the body, acting as free radical scavengers on the surface of biological membranes, removing fatty 
acid peroxyl radicals, and generating tocopherol radicals, which can be reduced by vitamin C or ubiquinol to regenerate 
VE.60,61 In our study, subgroup analysis comparing adjusted and unadjusted groups for other vitamins (A, B6, B12, C) 
showed that the relationship between vitamin E and all-cause or CLRD mortality in COPD patients remained consistent 
across subgroups, indicating no confounding effect from other vitamins. However, for all-cause mortality, after adjusting 
for other vitamins, statistical significance was observed in the subgroups of married or partnered individuals, never 
smokers, and those with a high school education or higher. In these three subgroups, the intake of other vitamins affected 
prognosis. In CLRD mortality, after adjusting for other vitamins, statistical significance was observed in the subgroups 
aged ≥65 years or with a BMI ≥30 kg/m², where the intake of other vitamins affected prognosis. More fundamental 
research on the interactions between different vitamins is urgently needed. Understanding these interactions is crucial for 
developing comprehensive nutritional guidelines and therapeutic strategies, particularly for patients with chronic condi
tions such as COPD.

The strengths of this study are that it includes a large, nationally representative sample and that subgroup analyses 
were conducted. Inevitably, of course, it also has certain limitations. First, although NHANES has improved question
naire reliability through regular training of investigators and other measures, recall bias and self-report bias still exist. In 
order to reduce this bias and improve the reliability of the conclusion, combined with the age characteristics of people 
with a high incidence of COPD, we selected people aged 40 years and above as researchers. Second, although we 
adjusted for the possible presence of confounders such as basic information and underlying disease, we could not avoid 
the presence of residual confounders. Finally, and more importantly, the vitamins were derived from the results of the 
1-day questionnaire, and it was not possible to assess any changes over time.
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