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Purpose: Smoking plays a significant role in the pathogenesis of chronic obstructive pulmonary disease (COPD), underscoring the
importance of smoking cessation. Nevertheless, not all smokers who do not quit will necessarily develop COPD. This study aimed to
examine the risk and protective factors associated with COPD among individuals who smoke.

Patients and Methods: The study included a cohort of 2619 adult smokers with lung function data, whose demographic
characteristics, health status, lifestyle behaviors, and dietary patterns were examined using T-tests, Chi-square tests, and logical
analysis.

Results: Among the study participants, 441 individuals were identified as having COPD by analyzing pulmonary function data.
Advanced age (p<0.001), low body mass index (BMI, p<0.001), ethnicity (p=0.019), and comorbid asthma (p<0.001) were found to be
statistically correlated with the presence of COPD. Additionally, a higher intake of fruits and vegetables (p=0.026) was shown to have
a beneficial impact. After considering factors related to type 2 inflammation, nutrient intake from vegetables and fruits, and other
variables, it was observed that vitamin C (p<0.001) exhibited a protective effect against COPD in smokers. Additionally, advanced age
(p<0.001), low BMI (p<0.001), comorbid asthma (p<0.001), and higher consumption of fruits and vegetables (p=0.032) remained
significant independent risk factors for COPD in smokers. Furthermore, subgroup analysis revealed that COPD patients who consumed
fewer fruits and vegetables had lower levels of vitamin C intake (p=0.004).

Conclusion: The findings of our study suggest that smokers who are older, have a lower BMI, and comorbid asthma are at an increased
risk of developing COPD. Conversely, higher consumption of fruits and vegetables, as well as increased intake of vitamin C, may help
reduce this risk. Additionally, our results indicate that among smokers with lower fruit and vegetable intake, COPD patients tend to have
lower levels of vitamin C consumption.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a persistent pulmonary inflammatory condition that can result in
progressive and irreversible airway obstruction.' It ranks as the third leading cause of mortality globally, with
3.23 million COPD-related deaths reported in 2019.? Furthermore, COPD is associated with significant healthcare costs
and frequent hospitalizations, in addition to its high mortality rate. It is also the leading cause of disability-adjusted life
years, accounting for 3% of healthcare expenditures in Europe.* In the northern region of Sweden, the prevalence of COPD
among individuals aged 45 and above is reported to be 14%.>° Furthermore, both the prevalence and incidence of COPD
were found to escalate with advancing age. It is noteworthy that the economic burden of healthcare for individuals suffering

from severe COPD is tenfold greater compared to those with mild COPD.>
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While smoking is commonly acknowledged as a significant factor in the development of COPD, research indicates
that only a minority of persistent smokers, approximately 20-25%, will ultimately develop COPD.”* This suggests that
additional factors may play a role in the pathogenesis of COPD among smokers. Previous studies have demonstrated
a correlation between COPD development and environmental factors, lifestyle choices, and genetic predisposition,
although these analyses have typically included smoking as a confounding variable.® Despite the widely recognized
importance of smoking cessation for individuals with COPD in effectively managing the condition, there are still
individuals who persist in smoking even after receiving a diagnosis of COPD.? Research has indicated that cessation
of smoking at various stages of life can attenuate the decline in forced expiratory volume in 1 second, as well as mitigate
the associated risks of disability and mortality.” Despite variations in tobacco control policies among nations, a significant
portion of smokers continue to face challenges in achieving successful cessation, particularly in low- and middle-income
countries.™'® The aim of our study was to investigate the determinants influencing the progression of COPD in smokers,
with the ultimate goal of averting COPD development in individuals facing challenges in quitting through the regulation
or reduction of exposure to pertinent risk factors.

Materials and Methods

Study Sample

Data from the National Health and Nutrition Examination Survey (NHANES) database (2007-2012) was incorporated
into the analysis. The NHANES database is a publicly available, nationally representative program of studies designed to
assess the health and nutritional status of the population in the USA (https://www.cdc.gov/nchs/nhanes/index.htm), which

combines personal interviews, physical examinations, and laboratory tests and approved by the National Center for
Health Statistic’s Research Ethics Review Board.!' In this research, participants who were current smokers and had no
prior diagnosis of COPD were included. Current smoking was determined by positive responses to smoking question-
naires (“Have you smoked at least 100 cigarettes in your lifetime?” and “Do you currently smoke cigarettes?”).
Exclusion criteria encompassed individuals under the age of 18, a history of COPD diagnosis, lack of pulmonary
function data, and pulmonary function indicative of obstructive ventilation dysfunction that improved with bronchodila-
tion testing. More details are shown in Figure 1.

Data Collection

Quantitative variables, such as age, gender, body mass index (BMI), lifestyle factors (including physical activity status,
sleep status, and diet), comorbidities (such as asthma, congestive heart failure, hypertension, diabetes, etc.), and family
history, were collected for analysis in the study. The main focus of our study was to determine the initial diagnosis of
COPD. The initial diagnosis of COPD was determined by a FEV1/FVC ratio of less than 0.7 and a negative bronch-
odilation test result, in the absence of a previous COPD diagnosis.12 The previous COPD diagnosis was defined by
affirmative responses to medical conditions questionnaires (“Has a doctor or other health professional ever told you that
you have emphysema/chronic bronchitis?”’). The asthma diagnosis was defined by affirmative responses to medical
conditions questionnaires (“Has a doctor or other health professional ever told you that you have asthma?”).'® It is
important to note that, in light of the absence of blood nutrient levels, particularly vitamin C, we opted to substitute the
dietary nutrient intake data obtained from the day before and 3 to 10 days after the interview.

Statistical Analysis

Subjects were stratified based on their initial diagnosis of COPD, and statistical analyses were conducted using the Student’s
t-test, Wilcoxon rank-sum test, or Kruskal-Wallis test for comparisons of continuous baseline characteristics. The Chi-square test
was utilized for categorical data. Quantitative variables were presented as mean + standard deviation (Mean + SD) or median and
quartile (M [Q1, Q3]), while qualitative variables were expressed as number and percentage (n [%]). Multivariate logistic
analysis was initially utilized to identify the risk factors associated with the initial diagnosis of COPD, followed by a backward
stepwise logistic analysis to confirm independent risk factors. It is noteworthy that, in comparison to multivariable logistic
analysis, stepwise logistic analysis can eliminate irrelevant variables, identify significant variables, streamline the model, and
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Figure | Study flow.
Abbreviation: COPD, chronic obstructive pulmonary disease.

mitigate the risk of overfitting. Then, markers of type 2 inflammation and correlative nutrient intake from fruits and vegetables
were compared between subgroups with and without newly diagnosed COPD using a Kruskal-Wallis test. Subsequently,
multivariate and backward stepwise logistic analyses were employed to identify significant variables related to risk factors for
initial COPD diagnosis, type 2 inflammatory markers, and nutrient intake factors about fruits and vegetables. Ultimately,
meaningful variables were discerned by categorizing fruit and vegetable intake into subgroups, which were analyzed using the
Kruskal-Wallis test. Variance inflation factor (VIF) was taken to test collinearity between continuous variables, and VIF < 5 was
seen as non-collinearity.'* Stata 15.1 software (StataCorp, Texas, USA) was employed for the statistical analysis, and p < 0.05
was considered statistically significant.

Results
Following the application of the inclusion and screening criteria, a total of 2619 subjects were enrolled in the study, with
2178 failing to meet the criteria for initial diagnosis of COPD and 441 meeting.

The descriptive statistics were presented individually in Tables 1 and 2. Among smokers, individuals with COPD were found
to be significantly older (p<0.001), more likely to be male (p=0.003), have a lower BMI (p<0.001), fewer family members
(p<0.001), a higher ratio of family income to poverty guidelines (p=0.013), longer duration of smoking (p<0.001), smoke more
cigarettes per month (p<0.001), more frequent exposed to second-hand smoke (p<0.001), and have close relatives diagnosed with
asthma (p=0.027). Additionally, participants with coronary heart disease, hypertension, diabetes, hyperlipidemia, cerebrovascular
disease, arthritis, cancer, and depression (p<0.050) were more prone to developing COPD. Additionally, a notable disparity in
engagement with vigorous recreational activity (p<0.001) was noted between the non-initial COPD diagnosis and initial COPD
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Table | Baseline Characteristics of Study Subjects

Variable Total (n=2619) | Non-COPD (n=2178) | COPD (n=441) | P value
Demographics
Age (years, £SD) 42.7£14.6 40.0+13.3 56.3+13.0 <0.001
Male (n%) 1560(59.6) 1269(58.3) 291(66.1) 0.003
BMI (kg/m2, £SD) 19.1£4.1 19.244.1 17.9+3.7 <0.001
Ethnicity 0.055
Mexican America (n%) 344(13.1) 318(14.6) 26(5.9)
Non-Hispanic Black (n%) 685(26.2) 570(26.2) 115(26.1)
Non-Hispanic White (n%) 1190(45.4) 931(42.7) 259(58.7)
Other Hispanic (n%) 225(8.6) 202(9.3) 23(5.2)
Other (n%) 175(6.7) 157(7.2) 18(4.1)
Number of family members (n, IQR) 3(14) 3(14) 2(1-3) <0.001
Ratio of family income to poverty guidelines (IQR) 1.4(0.8-2.9) 1.4(0.8-2.8) 1.5(0.9-3.1) 0.013
About smoking
Duration of smoking (years, IQR) 24(12-36) 20(11-33) 40(31-48) <0.001
Number of cigarettes smoked per month (n, IQR) 300(90-600) 300(90-450) 450(210-600) <0.001
Lung function
FEVI (L, IQR) 3.2(2.6-3.8) 3.3(2.7-3.9) 2.4(1.9-3.0) <0.001
FVC (L, IQR) 4.1(3.44.8) 3.8(3.24.7) 4.1(3.54.9) <0.001
FEVI/FVC (%, IQR) 78.2(72.8-83.1) 80.1(75.7-84.0) 64.8(59.2-67.5) <0.001
Comorbidities
Asthma (n%) 325(12.4) 266(12.2) 59(13.4) 0.498
Congestive heart failure (n%) 40(1.5) 30(1.4) 10(2.3) 0.165
Coronary heart disease (n%) 44(1.7) 31(1.4) 13(2.9) 0.023
Hypertension 708(27.0) 544(24.9) 164(37.2) <0.001
Diabetes (n%) 191(7.3) 141(6.5) 50(11.3) <0.001
Hyperlipidemia (n%) 592(22.6) 439(20.2) 153(34.7) <0.001
Cerebrovascular disease (n%) 78(3.0) 58(2.7) 20(4.5) 0.035
Anemia (n%) 65(2.5) 54(2.5) 11(2.5) 0.985
Arthritis (n%) 535(204) 404(18.5) 131(29.7) <0.001
Gout (n%) 72(2.7) 58(26.7) 14(3.2) 0.549
Cancer (n%) 141(5.4) 89(4.1) 52(11.8) <0.001
Depression (n%) 814(31.1) 697(32.0) 117(26.5) 0.024
Family medical history
Close relative had asthma (n%) 567(21.6) 489(22.5) 78(17.7) 0.027
Close relative had diabetes (n%) 1114(42.5) 929(42.7) 185(41.9) 0.785
Close relative had heart disease (n%) 387(14.8) 330(15.2) 57(12.9) 0.230

Notes: Continuous data are presented as mean * standard deviation (SD) or median (interquartile ranges), and categorical data are presented as frequency
(percentage).
Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index; SD, standard deviation; IQR, interquartile ranges.

Table 2 Life Style of Study Subjects

Variable Total (n=2619) | Non-COPD (n=2178) | COPD (n=441) | P value
Life style
Drink (n%) 2124(81.1) 1764(80.9) 360(81.6) 0.098
Passive smoking (n%) 1402(53.5) [111(51.0) 291(66.1) <0.001
Length of sleep (hours, IQR) 7(6-8) 7(6-8) 7(6-8) 0.189
Difficulty falling asleep (n%) 683(26.1) 559(25.7) 124(28.1) 0.285
Sleep disorders (n%) 198(7.6) 168(7.7) 30(6.8) 0.509
(Continued)
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Table 2 (Continued).

Variable Total (n=2619) | Non-COPD (n=2178) | COPD (n=441) | P value
Vigorous work activity (n%) 694(26.5) 590(27.1) 104(23.6) 0.128
Moderate work activity (n%) 1060(40.5) 897(41.2) 163(27.0) 0.099
Vigorous recreational activity (n%) 444(17.0) 411(18.9) 33(7.5) <0.001
Moderate recreational activity (n%) 853(32.6) 737(33.8) 116(26.3) 0.002
Mild activity (n%) 818(31.2) 695(31.9) 123(27.9) 0.097
Daily sedentary time (mins, IQR) 300(180-480) 300(180-480) 300(180—420) 0.829
Reduce food intake (n%) 505(19.3) 448(20.6) 57(12.9) <0.001
Low calorie diet (n%) 242(9.2) 214(9.8) 28(6.3) 0.022
Low fat diet (n%) 264(10.1) 225(10.3) 39(8.8) 0.344
Low carbohydrate diet (n%) 144(5.5) 131(6.0) 13(2.9) 0.010
Skipped meals (n%) 192(7.3) 176(8.1) 16(3.6) 0.001
Drink water generously (n%) 296(11.3) 270(12.4) 26(5.9) <0.001
Ate more fruits and vegetables (n%) 198(7.6) 181(8.3) 17(3.9) 0.001

diagnosis groups. Similar discrepancies were observed in engagement with moderate recreational activity (p=0.002), reduction in
food intake (p<0.001), adherence to a low-calorie diet (p=0.022), adherence to a low-carbohydrate diet (p=0.010), generous
water consumption (p<0.001), and increased intake of fruits and vegetables (p=0.010).

As presented in Table 3, the multivariate logistic model was conducted with age, gender, BMI, etc. identified as significant
variables. The subsequent backward stepwise logistic analysis further confirmed age (p<0.001), BMI (p<0.001), ethnicity
(p=0.019), asthma (p<0.001), and propensity for fruit and vegetable intake (p=0.026) as independent risk factors. Given the
association of asthma and increased fruit and vegetable intake with the development of COPD in smokers, we conducted
a comparison of eosinophilic counts and ratios, as well as nutrient intake indicators related to fruit and vegetable consumption,

Table 3 Multivariate and Stepwise Logistic Analysis of Variables and COPD

Variable Multivariate Logistic Analysis | Stepwise Logistic Analysis
OR (95% CI) P value OR (95% CI) P value

Age 1.10(1.09-1.12) <0.001 1.10(1.09-1.11) <0.001
Male 1.30(0.95-1.78) 0.101

BMI 0.91(0.87-0.95) <0.001 0.90(0.86-0.94) <0.001
Ethnicity 1.20(1.03-1.40) 0.019 1.19(1.03-1.37) 0.019
Number of family members 1.01(0.92-1.11) 0.785

Ratio of family income to poverty guidelines 0.99(0.90-1.09) 0811

Duration of smoking 1.00(0.99-1.00) 0411

Number of cigarettes smoked per month 1.00(0.99-1.00) 0.074

Asthma 2.40(1.53-3.75) <0.001 2.33(1.53-3.54) <0.001
Congestive heart failure 0.75(0.29-1.95) 0.554

Coronary heart disease 0.66(0.29-1.95) 0.354

Hypertension 0.85(0.61-1.18) 0.328

Diabetes 0.84(0.513-1.33) 0.461

Hyperlipidemia 1.12(0.82—-1.54) 0.464

Cerebrovascular disease 0.65(0.34-1.54) 0.196

Anemia 0.67(0.28-1.63) 0.378

Arthritis 0.79(0.56-1.10) 0.165

Cancer 1.49(0.90-2.47) 0.124

Depression 0.76(0.53-1.08) 0.123

Close relative had asthma 1.13(0.77-1.65) 0.534

(Continued)
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Table 3 (Continued).

Variable Multivariate Logistic Analysis | Stepwise Logistic Analysis
OR (95% ClI) P value OR (95% CI) P value

Close relative had heart disease 0.92(0.61-1.40) 0.701

Close relative had diabetes 0.94(0.69-1.27) 0.667

Drink 1.19(0.81-1.73) 0.377

Passive smoking 1.15(0.83-1.59) 0.391

Length of sleep 0.98(0.94-1.03) 0.422

Difficulty falling asleep 1.47(1.03-2.10) 0.034

Sleep disorders 0.90(0.52-1.59) 0.727

Vigorous work activity 1.26(0.84-1.87) 0.259

Moderate work activity 0.85(0.60-1.19) 0.388

Vigorous recreational activity 0.73(0.43-1.23) 0.237

Moderate recreational activity 1.00(0.72—1.40) 0.986

Mild activity 0.99(0.72-1.37) 0.979

Daily sedentary time 0.99(0.99-1.00) 0.214

Reduce food intake 0.80(0.50-1.28) 0.359

Low calorie diet 1.15(0.57-2.30) 0.697

Low fat diet 1.77(0.94-3.36) 0.077

Low carbohydrate diet 0.54(0.22-1.32) 0.175

Skipped meals 0.76(0.35-1.68) 0.503

Drink water generously 1.27(0.64-2.52) 0.488

Ate more fruits and vegetables 0.45(0.22-0.92) 0.029 0.50(0.37-0.92) 0.026

Abbreviations: OR, odd ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; BMI, body mass index.

among subgroups to evaluate disparities in COPD development, as shown in Table 3. It was evident that individuals with COPD
who smoke exhibited elevated eosinophilic counts (p=0.037) and higher dietary intake of vitamin B2 (p=0.002) and vitamin
D (p=0.006), with decreased intake of vitamin C (p=0.002) and lycopene (p=0.007).

Subsequently, employing multivariate and backward stepwise logical analysis models, we proceeded to identify risk
factors in Table 2 and markers of type 2 inflammatory factors and nutritional indicators in Table 4. The findings of our
analysis indicate that vitamin C (p<0.001) has been identified as a significant independent risk factor for the progression
of COPD in smokers, along with age (p<0.001), BMI (p<0.001), asthma (p<0.001), and propensity for fruit and vegetable
intake (p=0.032), as illustrated in Table 5.

Table 4 Markers of Type 2 Inflammation and Micronutrient Status According to Fruits and Vegetables of Study Subjects

Variable Total (n=2619) Non-COPD (n=2178) COPD (n=441) P value
Eosinophils number (1000cells/uL, IQR) 0.2(0.1-0.3) 0.2(0.1-0.3) 0.2(0.1-0.3) 0.037
Eosinophils percent (%, IQR) 2.4(1.6-3.6) 2.3(1.5-3.5) 2.5(1.7-3.8) 0.073
Lutein+Zeaxanthin (mcg, IQR) 536.5(235.0-1079.5) 549.0(235.0-1067.0) 521.0(231.0-1150.0) 0.947
a-carotene (mcg, IQR) 48.8(14.5-244.5) 49.0(14.5-256.5) 47.5(12.5-220.0) 0.217
B-carotene (mcg, IQR) 670.3(300.1-1746.0) 670.5(299.5-1755) 670.0(300.5-1690.5) 0.628
B-cryptoxanthin (mcg, IQR) 27.0(8.5-76.0) 27.0(9.0-76.5) 27.5(8.5-63.5) 0.670
Lycopene (mcg, IQR) 2609.0(694.5-6722.0) 2720.0(774.5-6770.0) 2025.0(417.5-6128.5) 0.007
Vitamin A (mcg, IQR) 433.5(261.0-663.0) 425.5(257.0-654.0) 450.0(269.0-707.5) 0.236
Vitamin Bl (mg, IQR) 1.4(1.0-2.0) 1.4(1.0-2.0) 1.4(1.0-2.0) 0.432
Vitamin B2 (mg, IQR) 1.9(1.3-2.6) 1.8(1.3-2.6) 2.0(1.4-2.8) 0.002
(Continued)
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Table 4 (Continued).

Variable Total (n=2619) | Non-COPD (n=2178) | COPD (n=441) | P value
Vitamin B3 (mg, IQR) 23.5(17.0-32.8) 23.8(17.1-32.9) 22.6(16.5-32.4) 0.401
Vitamin B6 (mg, IQR) 1.7(1.2-2.5) 1.8(1.2-2.5) 1.7(1.2-2.5) 0.699
Vitamin BI2 (mcg, IQR) 43(2.7-6.5) 43(2.7-6.5) 44(2.7-6.6) 0.697
Vitamin C (mg, IQR) 47.6(20.3-96.9) 50.6(21.0-100.8) 39.9(18.0-86.4) 0.002
Vitamin D (mcg, IQR) 3.2(1.6-5.9) 3.2(1.6-5.8) 3.6(2.0-6.2) 0.006
Vitamin E (mg, IQR) 6.0(4.2-8.9) 6.0(4.2-8.9) 6.1(43-87) 0.562
Vitamin K (mcg, IQR) 57.1(35.7-98.1) 57.0(35.7-97.6) 58.8(35.1-99.4) 0.867

Notes: Continuous data are presented as mean * standard deviation (SD) or median (interquartile ranges), and categorical data are presented as
frequency (percentage).
Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile ranges.

Table 5 Correlation Analysis of Markers of Type 2 Inflammation and Micronutrient Status and

COPD by Independent Risk Factors

Variable Multivariate Logistic Analysis | Stepwise Logistic Analysis
OR (95% CI) P value OR (95% CI) P value

Age 1.10(1.09-1.12) <0.001 1.10(1.09-1.11) <0.001

BMI 0.91(0.87-0.95) <0.001 0.91(0.87-0.94) <0.001

Ethnicity 1.12(0.98-1.28) 0.105

Asthma 2.25(1.50-3.39) <0.001 2.28(1.52-3.42) <0.001

Ate more fruits and vegetables 0.49(0.26-0.94) 0.032 0.50(0.26-0.94) 0.032

Eosinophils number 1.00(0.36-2.77) 0.998

Eosinophils percent 1.02(0.91-1.15) 0.680

Lutein+Zeaxanthin 1.00(0.99-1.00) 0.41

a-carotene 1.00(1.00-1.00) 0.718

B-carotene 1.00(1.00-1.00) 0.966

B-cryptoxanthin 1.00(1.00-1.00) 0311

Lycopene 1.00(0.99-1.00) 0.696

Vitamin A 1.00(0.99-1.00) 0.245

Vitamin Bl 1.25(0.96—-1.63) 0.091

Vitamin B2 1.03(0.87-1.21) 0.755

Vitamin B3 1.03(0.87-1.21) 0.409

Vitamin B6é 0.91(0.71-1.07) 0.457

Vitamin BI2 1.02(0.98-1.07) 0.275

Vitamin C 0.96(0.94-0.99) 0.014 0.95(0.93-0.98) <0.001

Vitamin D 1.01(0.98—1.06) 0.465

Vitamin E 1.02(0.98-1.05) 0.324

Vitamin K 1.00(0.99-1.00) 0.397

Abbreviations: COPD, chronic obstructive pulmonary disease; BMI, body mass index.

Finally, in order to more intuitively determine the impact of intake of fruits and vegetables and vitamin C on whether

smokers develop COPD, as in Table 6, we divided the samples into subgroups according to intake habits of fruits and

vegetables. After comparison, it was found that regardless of whether smokers tended to eat more fruits and vegetables,

elderly smokers were more likely to develop COPD (p<0.001), while asthma was the opposite (p>0.050). Among people

who ate more fruits and vegetables, there was no difference in BMI and vitamin C intake between COPD individuals and
non-COPD individuals (p>0.050). However, individuals with lower fruit and vegetable intake who developed COPD
exhibited significantly lower BMI (p<0.001) and lower vitamin C intake levels (p=0.004).
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Table 6 Comparison of Risk Factors Between Subgroups Categorized Based on Their
Consumption of Fruits and Vegetables

Ate More Fruits and Vegetables

Variable Total (n=198) | Non-COPD (n=181) | COPD (n=17) | P value
Age (years, +SD) 41.4x14.1 39.9+13.2 57.4+13.2 <0.001
BMI (kg/m2, +SD) 20.7+4.2 20.7+4.3 21.1£3.6 0.697
Asthma (n%) 37(18.7) 33(18.2) 4(23.5) 0.592
Vitamin C (mg, IQR) | 58.1(26.6-97.8) 58.1(27.3-101.4) 43.7(20.5-97.8) 0.500

Non-Ate More Fruits and Vegetables

Variable Total(n=2421) | Non-COPD(n=1997) | COPD(n=424) | P value
Age (years, £SD) 42.8+14.6 39.9+13.3 56.2+13.1 <0.001
BMI (kg/m2, £SD) 18.8+4.0 19.0+4.1 17.8+3.6 <0.001
Asthma (n%) 288(11.9) 233(11.7) 55(13.0) 0.451
Vitamin C (mg, IQR) | 47.2(20.0-96.5) 49.4(20.4-100.8) 40.1(17.4-86.4) 0.004

Notes: Continuous data are presented as mean * standard deviation (SD) or median (interquartile ranges), and
categorical data are presented as frequency (percentage).
Abbreviations: COPD, chronic obstructive pulmonary disease; standard deviation, SD; IQR, interquartile ranges.

Discussion

Our research investigated the determinants of COPD development in current smokers. Following an examination of lung
function in 2619 persistent smokers without a prior COPD diagnosis, 441 individuals were identified as having COPD-
compatible lung function. Subsequent statistical analysis revealed that advanced age, low BMI, and a history of asthma
were associated with an increased likelihood of COPD development among smokers. Additionally, smokers who
frequently consumed fruits and vegetables exhibited a lower prevalence of COPD. Additionally, the incidence of
COPD was found to be influenced by ethnicity. Further analysis revealed that a higher intake of vitamin C serves as
a protective factor against the development of COPD in smokers.

After extensive research findings, the notion that smoking is a significant factor in the onset and progression of COPD
has become widely acknowledged.”®'> The reasons for certain individuals displaying resistance to the deleterious effects
of smoking and not developing COPD remain unclear. Several studies have indicated that the frequency of daily smoking
and the age of initiation of smoking are associated with lung function impairment and the onset of COPD.'®"'® However,
our study has found that neither the duration of smoke nor the monthly consumption of cigarettes among smokers are
significant risk factors for the development of COPD. This phenomenon may be attributed to our focus on analyzing
persistent smokers, a group that may have shared similar smoking histories, thereby potentially diminishing the impact of
smoking-related variables in contrast to prior research. Additionally, the population under study may have predominantly
originated from developed nations, where elevated per capita incomes could attenuate the influence of smoking-related
factors.'” This conclusion demonstrates that, alongside smoking-related factors, other variables significantly influence the
progression of COPD in individuals who continue to smoke.

Our study revealed a positive association between age and the development of COPD among smokers, even when
accounting for smoking duration. Prior research has indicated that nearly half of older smokers are affected by COPD.?°
This phenomenon may be attributed to cellular senescence and apoptosis, although the exact mechanism remains unclear.
Some studies suggest that macrophage migration inhibition factor (MIF) may play a role in this process.”’ MIF,
a pleiotropic cytokine known for its anti-apoptotic and anti-senescence properties, was proved to be decreased in older
smokers with COPD compared to older smokers without the disease.?’

Prior research has demonstrated that the rate of decline in lung function is 0.98% per pack-year for men and 1.21%
per pack-year for women, suggesting that female smokers are at a higher risk of experiencing a decline in lung function
compared to male smokers. This disparity may contribute to the increased prevalence of COPD among women. The exact

mechanism underlying this phenomenon remains unclear, but it is hypothesized that the smaller lung size of women in
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comparison to men may play a role.”? Our research did not identify a statistically significant gender disparity in the
progression of COPD among smokers. This lack of difference may be attributed to the BMI as a mitigating factor, which
helps to equalize variations in lung volume between males and females. Additionally, the findings may be influenced by
the demographic composition of the study sample, which was drawn from the United States. The higher living standards
and income levels in this population may contribute to women having a more favorable nutritional status compared to the
global average.

Our research revealed that higher BMI was associated with a protective effect against COPD among smokers.
Spelta et al documented a noteworthy protective effect of obesity against overall mortality in individuals with COPD,
labeling it as the “obesity paradox”.** Consistent with this finding, Tang et al illustrated that individuals with higher
BMI had a reduced risk of COPD advancement and mortality compared to those within the normal BMI range.* One
potential hypothesis is that the decreased FEV1 observed in individuals with obesity may be attributed to restrictive
ventilation dysfunction rather than obstructive, while another theory posits that elevated BMI could lead to an
accumulation of abdominal fat mass, subsequently diminishing lung compliance.**

The 2022 GOLD report emphasizes the potential role of asthma as a risk factor for the progression to chronic airflow
limitation and COPD, indicating that adults with asthma may face a significantly elevated risk of developing COPD
compared to individuals without asthma, even after controlling for the impact of smoking.* A study, involving 5176
adults aged 40 years and above, further corroborated these findings by identifying a history of asthma as the most
consistently independent risk factor associated with COPD, irrespective of smoking habits.”> In the United States,
Europe, and China, the prevalence of non-smoking-related COPD with asthma is estimated to be between 25-30%.2° In
low- and middle-income countries with significant rural populations, such as India and South Africa, asthma may also
play a role in increasing the risk of COPD, even in the absence of a clinical diagnosis.?® This association is likely due to
the presence of airway inflammation in individuals with asthma, which is characterized by increased neutrophils and
alterations in the extracellular matrix. This process, known as airway remodeling, shares common pathogenic mechan-
isms with COPD.?’ Asthma-induced airway remodeling can result in chronic, irreversible airway obstruction and
ultimately lead to irreversible obstructive airway changes, culminating in the development of COPD.?” Our research
additionally indicates that individuals who smoke and have asthma are at an increased risk of developing COPD,
regardless of eosinophil count and ratio, implying that type 2 inflammation, commonly linked to the advancement of
irreversible airway damage in asthma, may not be a crucial factor.*®

Our research also identified race as a factor in the development of COPD among smokers, however, statistical
significance was not observed once type 2 inflammation-related factors and nutritional intake were considered. The
impact of race on the initiation of COPD has been a subject of long-standing investigation. Park et al conducted
a comparative analysis of COPD patients from Korea and the United States, revealing notable disparities in socio-
demographic characteristics, clinical presentations, and comorbidities.”® The impact of race on the development of
COPD may be attributed to genetic variances, as evidenced by Busch et al’s identification of genes implicated in
disparate methylation patterns and Weighted Gene Co-expression Network Analysis (WGCNA) that could serve as
potential mechanistic targets for susceptibility, exacerbation, and prognosis of COPD in individuals of African American
descent.*’

Our research findings support the notion that individuals who smoke and consume a higher quantity of fruits and
vegetables have a decreased likelihood of developing COPD. This aligns with previous research, such as the study
conducted by Kaluza et al, which demonstrated that a high daily intake of fruits and vegetables (=5.3 servings) was
linked to a 40% decrease in COPD risk among current smokers when compared to those with a lower intake of fruits
and vegetables (<2 servings).>' Additionally, a meta-analysis conducted by Hai et al corroborated that higher
consumption of fruits and vegetables was associated with a reduced risk of COPD in both smokers and non-
smokers.>? The involvement of oxidative stress and inflammation in the pathogenesis of COPD may explain why
smokers experience a more pronounced effect, while a higher intake of fruits and vegetables is significantly associated
with lower levels of oxidative stress and inflammatory parameters, as well as increased antioxidant defense.>! Fruits
and vegetables rich in vitamin A, vitamin C, vitamin D, vitamin E, and beta-carotene exhibit strong antioxidant effects
that not only reduce oxidation levels but also mitigate inflammatory factors linked to the onset and exacerbation of

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 hetps: 1035



Guo et al

COPD such as C-reactive protein and interleukin-6.%>** Moreover, consumption of nitrate-rich vegetables has been
linked to enhanced vascular function and lowered blood pressure, potentially benefiting pulmonary health by improv-
ing blood circulation and oxygen delivery to lung tissues.”> Furthermore, the dictary fiber present in fruits and
vegetables may promote lung health by positively influencing gut microbiota composition, thereby affecting systemic
inflammation and immune responses. The gut-lung axis represents a burgeoning field of study, with dietary fiber
recognized for its advantageous effects on gut health, which may indirectly support pulmonary function and decrease
the risk of COPD.*

After conducting a comprehensive analysis encompassing nutrients associated with type 2 inflammation and consuming
fruits and vegetables, we discovered that vitamin C intake is a protective factor against COPD in smokers. Furthermore, it
was observed that individuals with COPD who consumed fewer fruits and vegetables exhibited significantly lower levels of
vitamin C intake. These analyses collectively suggest that an increased intake of vitamin C can potentially reduce the
incidence of COPD among smokers, particularly those who consume limited amounts of fruits and vegetables. Park et al,
through their study involving over 3000 samples, also found that vitamin C intake exerts a protective effect on COPD
independent of smoking status.>” This conclusion has been corroborated by numerous studies.*®*° The underlying
mechanism may be attributed to its potent ability to mitigate oxidative stress, thereby promoting collagen synthesis
while restoring vascular endothelial growth factor levels and facilitating lung alveolar cell proliferation.’”

A primary strength of our research lies in its utilization of a substantial sample size to investigate the risk and
protective factors associated with the development of COPD among smokers. This study facilitates the identification of
individuals at heightened risk for COPD, thereby enabling healthcare professionals to implement early detection and
intervention strategies for those facing challenges in smoking cessation. Simultaneously, it is recommended to increase
the consumption of fruits and vegetables and incorporate vitamin C supplementation, as these measures may mitigate the
risk of developing COPD in individuals with a smoking history. Of course, the significance of smoking cessation as
a strategy to prevent and enhance lung function in patients with COPD should be consistently underscored.'***!

However, our research is subject to limitations. Firstly, the data utilized in our study was sourced solely from the
NHANES database, which comprises information gathered through a home interview and a mobile screening center
(MEC) health examination. This reliance on a single data source may introduce inaccuracies and potentially compromise
the objectivity of our findings. Secondly, the NHANES database only captures changes in each participant’s health status
over a one-year period, thereby restricting the temporal scope of our study population. Furthermore, the nutritional intake
data utilized in this study was derived from the participants’ dietary habits over a randomly selected two-day timeframe,
as opposed to being obtained through direct blood collection. This methodological approach may introduce bias into the
study’s findings. Additionally, the database limitations restricted the inclusion of key data related to type 2 inflammation,
such as fractional exhaled nitric oxide (FeENO) and serum Immunoglobulin E (IgE) levels, thereby potentially diminish-
ing the strength of our conclusions. Lastly, due to the constraints of the database, we lack data on e-cigarette usage,
rendering the assessment of smoking status insufficiently comprehensive.

Our study revealed that among smokers, advanced age, low BMI, and the presence of asthma were identified as
significant risk factors for developing COPD. Additionally, a higher consumption of fruits and vegetables along with
increased intake of vitamin C demonstrated a potential reduction in the likelihood of COPD occurrence. Notably,
individuals who consumed fewer fruits and vegetables exhibited a correlation between COPD diagnosis and lower levels
of vitamin C intake. Our research contributes to the early detection of individuals with a higher prevalence of COPD
among smokers and offers suggestions for smokers to mitigate their risk of developing COPD, potentially leading to
a decrease in the incidence of COPD and a reduction in associated healthcare expenditures.

Data Sharing Statement

The data utilized in this study was obtained from the National Health and Nutrition Examination Survey (NHANES)
database (Weblink: NHANES Questionnaires, Datasets, and Related Documentation (cdc.gov)). The datasets employed
in the analysis are accessible from the corresponding author upon request.
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Ethics Approval and Consent to Participate

The NHANES is a nationally representative program of studies that evaluates the health and nutritional status of
non-institutionalized individuals in the United States through a combination of questionnaires and laboratory tests
(https://www.cdc.gov/nchs/nhanes/index.htm). Approval for the NHANES was obtained from the Research Ethics
Review Board of the National Center for Health Statistics, and all participants provided written consent for their
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research on human subjects and therefore does not require approval from a human subjects review board.
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