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Chronic obstructive pulmonary disease (COPD) comprising of emphysema and chronic bronchitis are the most common chronic respiratory diseases that impart a huge economic and clinical burden. Factors other than smoking and air pollutants can cause inflammation and emphysematous changes in the lung airspaces or alveoli have been understudied. Using a cross-sectional study design, we assessed the association of dark green vegetables, vitamin K and Vitamin A with emphysema status among adults at U.S. These nutrients have a role in lung biology. A complete case NHANES data (n = 17,681) was used. After adjusting for modifiable and non-modifiable confounders, consumption of recommended amounts of vitamin K was associated with 39% decrease in odds (Odds Ratio: 0.61; 95% CI: 0.40–0.92, P-val: 0.02) of emphysema. Similarly consumption of recommended amounts vitamin A dose was associated with 33% decrease in odds (Odds Ratio: 0.67; 95% CI: 0.44–1.00, P-val: 0.05) of emphysema. Vitamin K shows an inverse association suggesting that it may be important in slowing the emphysematous process. Vitamin A is important in maintaining the anti-inflammatory process. Together vitamin K and vitamin A are important in the lung health.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) and asthma are the most common chronic respiratory diseases that imparts a huge economic and clinical burden in the health sectors (1, 2). In the US, COPD costs $30 billion in direct health care expenditures and $20 billion in indirect expenditure (1). COPD is the first leading cause of disability and 3rd leading cause of death in the U.S (3, 4). COPD comprises of two heterogeneous subtypes: emphysema and chronic bronchitis (5). Emphysema is associated with structural changes, including abnormal and permanent enlargement or damage of the airspaces distal to the terminal bronchioles, while chronic bronchitis results from inflammation of the lining of the bronchial tubes (6). Reported risk factors associated with the emphysematous changes such as gender, tobacco smoke, obesity, and exposure to air pollutants (7, 8) do not completely explain development of emphysema.

Even though smoking is a key risk factor for the development and progression of the COPD, many patients with this obstructive lung function are never-smokers. Along these lines, recent studies have shown that lack or excess of specific nutrition may also play a role in developing lung diseases. Some of these studies provide evidence that vegetable intake may have potential benefits in the biology of the lung diseases (9–26). However, data is still limited with regards to specific constituents or micronutrients in vegetables that are either risk factors for or have beneficial roles on the development of the COPD phenotypes and more specifically emphysema. Trace elements have also been linked to harmful effects on lung function (27). For example cadmium in tobacco smoke may contribute to the development of pulmonary emphysema. However, there is poor understanding of the mechanisms behind the pathogenic role of cadmium in lung diseases.

Studies have shown that inflammation plays a role in the exacerbation of COPD (28), and chronic inflammation can cause damage to the lung airways and tissues (29), resulting to irreversible emphysematous changes in the lung alveoli (30, 31). Reports have shown that micronutrients such as vitamins E and C play a role in strengthening the immune system (32, 33). A meta-analysis has shown that high vitamin C intake levels have a significant protective effect against lung diseases e.g., lung cancer (34, 35). Although vegetables have been shown to have beneficial nutrients that can aid healthy lung structure (34, 36, 37), more research is warranted to link specific nutrients in the greens that can help protect the alveoli from developing emphysematous lung injuries. Since vitamin K is mostly obtained from dark green vegetable, it is highly likely that it may have an impact on the biology of lung airway or alveoli structure (38, 39). Low intake of vitamin A also from dark green vegetables has been associated with COPD in different populations (40–42) and a few studies have shown the potential role of vitamin A in maintaining the integrity of the lung epithelium, non-emphysematous state and exerts anti-inflammatory effects (43, 44). Therefore, we hypothesize that dark green vegetables including vitamin K and vitamin A consumptions may be associated with emphysema.

Thus, the objective of this study is to (separately) examine the association between dark green vegetables, and risk of emphysema; and the association between both vitamins K and A with the risk of developing emphysema.



METHODS


Study Design and Population

A cross-sectional design was used in this study. Data was acquired from the National Health and Nutrition Examination Survey (NHANES), which is a program designed to assess the health and nutritional status of adults and children in the United States (45). Data for the current analysis are from the 2007–2016 survey cycles. The sample for the survey was selected to represent the U.S. population of all ages which included adults aged ≥20 in U.S who completed the questionnaire. The questionnaire collected information on demographics (gender, age, race, education, household income, and marital status), behavioral factors (smoking status and heavy drinking), BMI, medical conditions, and 24 h food recall. About 12,000 persons every 2-year cycle were asked to participate, and the average response rate was 87.5% (45). Of the 12,000 NHANES respondents, subsamples were randomly selected to participate in a variety of survey components (e.g., dietary survey, laboratory examination) according to the NHANES protocol. From 2007 to 2012, one-half of the total respondents were sampled to complete the survey components of interest in our study; from 2013 to 2016, one-third of total respondents were sampled.



Measures
 
Outcome

Emphysema was assessed based on self-reported Yes/No response to the questions: Has a doctor or other health professional ever told you that you have emphysema?




Exposure
 
Dark-Green Vegetables and Vitamins

A 24-h dietary/food recall was used to collect dietary intake data. Food intake categories are defined by food code following the USDA Food and Nutrient Database for Dietary Studies (46). Based on previously reported links between vitamin K, vitamin A as well as dark green vegetable on lung health makes them suitable exposures for assessing development of emphysema. Dark-green vegetable is one of eight subtypes of vegetable as shown in Table 1. The estimated weight of the dark-green vegetable intake (in grams) was obtained from the 24 h dietary recall. Dark green vegetables is the main source of vitamin K and vitamin A can also be found in the dark green vegetables. Dichotomous (45) measures of vitamins and dark-green vegetable intake, were obtained by categorizing the dietary intake of vitamins into Recommended Dietary Allowances (RDAs) were not consumed (No) and RDAs were consumed (Yes) and “weight of the dark-green vegetables intake” into 0 gram (Intake: No) and >0 gm (Intake: Yes). RDAs for vitamins were stratified by age, gender, pregnancy, and lactation according to National Institutes of Health's website (https://ods.od.nih.gov).


Table 1. Subtypes of vegetables.
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Covariates

Age, gender, race/ethnicity, BMI, education level, marital status, smoking status, alcohol (heavy drinking status) intake, cadmium exposure, energy intake, and physical activity were identified as potential confounders.

The demographic data (age, race/ethnicity, education, marital status) was collected by employing a questionnaire. Age was reported in years. Gender was reported as either “Male” or “Female.” Race was grouped into five categories: Non-Hispanic White, Non-Hispanic Black, Mexican American, other Hispanic, and other races.

Body Mass Index (kg/m2) was calculated based on height and weight. Education was grouped into 4 categories: less than high school, high school graduate/GED or equivalent, some college or AA degree, and college graduate or above. Marital Status was grouped into two categories: single (widowed/divorced/separated/never married) and married (married or living with partner). Smoking status consisted of four categories: non-smoker, former smoker, someday smoker, and every day smoker, based on two questions “Did you smoke at least 100 cigarettes in life? (SMQ020)” and “Do you now smoke cigarettes? (SMQ040).” Non-smokers were defined as individuals who smoked less 100 cigarettes in life; Former-Smokers were those who smoked at least 100 cigarettes in their life and did not smoke currently; Someday smokers were adults who had smoked at least 100 cigarettes in their lifetime, who smoked now, but did not smoke every day; Every day smokers were adults who had smoked at least 100 cigarettes in their lifetime, and who now smoked every day. Heavy drinking was defined as “Yes” response to “Ever have 5 or more drinks every day?” for both male and female from 2007 to 2010 and to “Ever have 4/5 or more drinks every day?” for female and male separately from 2011 to 2016. The number of heavy drinking day and Average number alcoholic drinks/day in the past 12 months were calculated by questionnaire to provide detailed information on alcohol use behavior. Cadmium exposure (μg/L) was obtained from analyzing blood samples. Energy intake (kilocalorie) was defined as total energy of foods consumed in the 24-h dietary recall.




Statistical Analysis

After excluding participants with missing observations there were 17681 observations (2007–2008: 4,628, 2009–2010: 4,780, 2011–2012: 4,014, 2013–2014: 2,186, and 2015–2016: 2,077) based on NHANES data.

Descriptive measures were calculated and reported as mean (standard error) for continuous variables, and as frequency (or percentage), weighted frequency for categorical variables and lung emphysema status. Bivariate association between categorical variables were assessed using Rao-Scott's modified Chi-square test. Continuous variables were compared using linear regression adjusted by interview weights. The association between vitamins and odds of emphysema were estimated separately using logistic regression. To account for the sampling design, the models were adjusted for the sampling weight, sampling cluster, and sampling strata. Multivariate modeling was done by regressing response (emphysema) on vitamins intake, dark green vegetable together with non-modifiable confounders—age, gender, ethnicity; and modifiable confounders—BMI, education level, marital status, smoking status, alcohol (heavy drinking status) intake, cadmium exposure, and total energy intake. Ninety-five percentage confidence interval was reported together with the odds ratio estimates. The analysis was done in SAS 9.4 (SAS Institute).




RESULTS

Table 2 summarizes the characteristics of the study population. The complete case analysis involved 17,681 respondents. There were 396 (1.82%) participants with self-reported emphysema.


Table 2. Characteristics of Study Population, National Health and Nutrition Examination.
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Overall, 32.06% participants recommended vitamin k consumption; 26.78% participants recommended vitamin A consumption; 12.49 % of respondents reported dark green vegetable consumption. The recommended vitamin K consumption; recommended vitamin A consumption; and dark green vegetable consumption among those with self-reported emphysema was 18.79, 7.19, and 7.19%, respectively.

Overall, 48.43% were females; Non-Hispanic Whites (69.38%), and Non-Hispanic Blacks (10.55%) were two most commonly reported race/ethnicity categories; 63.09% were married or living with partner; some college or advanced associate equivalent (32.10%) and college degree or above (30.39%) and were two most commonly reported education level; 14.47% were heavy drinkers; 55.21% never smoked, and 25.22% were former smokers (two most frequent smoking status). The mean age, BMI, blood cadmium level, and total energy intake were 47.40 years, 29.08 (Kg/m2), 0.47 (μg/L), and 2,161.82 (kilocalorie), respectively.

Among those with self-reported emphysema, 58.11% were females; Non-Hispanic Whites (84.98%), and Non-Hispanic Blacks (5.52%) were two most commonly reported race/ethnicity categories; 53.22% were married or living with partner; some college or advanced associate equivalent (26.11%) and college degree or above (13.62%) were two most commonly reported education level; 35.77% were heavy drinkers; 50.06% were former smokers, and 37.86% were everyday smokers (two most frequent smoking status). The mean age, BMI, blood cadmium level, and total energy intake were 47.12 years, 29.07 (Kg/m2), 0.46 (μg/L), and 2,164.89 (kilocalorie), respectively.

Among those with self-reported emphysema, 58.11% were females; Non-Hispanic Whites (84.98%), and Non-Hispanic Blacks (5.52%) were two most commonly reported race/ethnicity categories; 53.22% were married or living with partner; less than high school (34.19%), high school or GED equivalent (26.08%), and some college or AA equivalent (26.11%) were three most commonly reported education level; 35.77% were heavy drinkers; 50.06% were former smokers and 41.09% were never smokers (two most frequent smoking status). The mean age, BMI, and blood cadmium level was 62.41 years, 29.72 (Kg/m2), and 0.95 (μg/L), respectively.


Relationship Among Dark-green Vegetables Intake, Vitamins, and Emphysema

The summary of findings examining the association between dark-green vegetables intake, vitamins, and risk of emphysema are summarized in Tables 3, 4. After adjusting for modifiable and non-modifiable confounders, consumption of recommended vitamin K was associated with 39% decrease in odds (Odds Ratio: 0.61; 95% CI: 0.40–0.92, P-val: 0.02) of emphysema compared to those who consumed less than the recommended vitamin K dose. The association between consumption of recommended vitamin k and emphysema changed marginally when consumption of dark green vegetable was incorporated in the model (Odds Ratio: 0.62; 95% CI: 0.44–0.87, P-val: 0.01). Dark-green vegetable consumption by itself, after adjusting for modifiable and non-modifiable confounders, was associated with 30% decrease in odds of emphysema, the findings did not attain statistical significance (Odds Ratio: 0.70; 95% CI: 0.32–1.52, P-val: 0.36).


Table 3. Relationship among dark-green vegetables intake, vitamin K, and emphysema.
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Table 4. Relationship among dark-green vegetables intake, vitamin A, and emphysema.
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Vitamin A was another vitamin strongly associated with dark-green vegetables. After adjusting for the effect of modifiable as well as non-modifiable confounders consumption of recommended vitamin A was associated with 33% decrease in odds (Odds Ratio: 0.67; 95% CI: 0.44–1.00, P-val: 0.05) of emphysema compared to those who consumed less than recommended vitamin A dose. The estimates were similar when consumption of dark green vegetable was incorporated in the previous model (Odds Ratio: 0.69; 95% CI: 0.47–1.00, P-val: 0.05).




DISCUSSION

While we observed an inverse association between vegetables intake and lung disease as previously reported, for the first time we show an inverse association between vitamin K intake and vitamin A intake with emphysema. A cross-sectional study design was used to assess the association of vitamin K, dark green vegetables and Vitamin A with reported emphysema status derived from NHANES. After adjusting for relevant confounders, consumption of recommended amounts of vitamin K was associated with reduced risk of developing emphysema. Similarly consumption of recommended amounts of vitamin A was associated with reduced risk of developing emphysema.

A previous study has shown that reduced vitamin K status in COPD patients was associated with high mortality rates (39). The study also showed that elastin degradation is accelerated in chronic COPD and is partially regulated by Matrix Gla Protein (MGP), via a vitamin K-dependent pathway. Therefore, vitamin K has a potential role in COPD pathogenesis. Interestingly, we were able to show that consumption of recommended amounts of vitamin K is inversely associated with emphysema status. Therefore, vitamin K may impart a protective role by reducing or slowing down the emphysematous damage.

Specific vitamins and certain trace elements like iron, zinc, copper and selenium work in synergy to support the protective activities of the immune cells. Depleted amounts of these micronutrients can impact antibody production and affect the inflammation process or lung health (32). Along these lines analysis of the NHANES data showed an inverse association between vitamin A and emphysema. Therefore, supplementation with appropriate amounts of vitamin A can exhibit an anti-inflammatory related responses important to support regulated lung airway function (47, 48).

A population-based prospective cohort of Swedish men showed that high consumption of fruits and vegetables was inversely associated with reduced COPD incidence in both current and ex-smokers but not in never-smokers (16). Interestingly, women from the same population-based prospective cohort who consumed fruits and vegetables long-term showed that fruits but not vegetables was inversely associated with COPD incidence independent of the smoking status. It was clear from our analysis of the NHANES dataset that vitamin K as well as vitamin A likely from the dark green vegetables were inversely association with emphysema.

The strengths of our study are relatively large sample size, high generalizability, and comprehensive questionnaire data. However, there are several limitations. The most important one is that 24-h dietary recall potentially results in misclassification of exposure because 24-h dietary recall may be unrepresentative to the long-term dietary behaviors. However, the analysis suggested this misclassification is non-differential. Of all emphysema patients, 75.40% reported the 24-h diet is similar to usual, 7.60% consumed food more than usual, and 16.99% consumed less than usual. The distribution of comparing 24-h diet to “usual” among controls was similar as emphysema cases. Among controls, 76.41% reported the 24-h diet is similar to “usual,” 7.55% more than “usual,” and 16.06% less than “usual.” Thus, this non-differential misclassification due to 24-h dietary recall could bias the result toward the null. The outcome was defined as Yes response to “Has a doctor or other health professional ever told you that you have emphysema?” Although under-diagnosis of emphysema could happen, to some degree respondents either with or without emphysema are unlikely to misreport their history of diagnosis. Thus, the misclassification of outcome is likely non-differential which biases the result toward the null. The association between dark-green vegetable intake and emphysema would be stronger if the above misclassification of exposure and outcome did not occur.

It is important to mention that with regards to monitoring lung function, there is no gold standard for measuring symptoms related to proper lung function, since none of the available methods is optimal in all regards (49). Some of the tests used in questionnaires hardly reflect the heterogeneity, variability, and severity of COPD or its phenotypes e.g., emphysema, as well as the numerous confounding factors contributing to the clinical presentation of the disease. This can lead to misclassification of outcome (49). Generally, COPD which encompasses chronic bronchitis and emphysema is commonly underdiagnosed. Along these lines, a previous study using NHANES dataset showed that 5.2% of US adults aged 40–79 reported being diagnosed with COPD during 2007–2012 (50). This study determined that multiple factors are associated with self-reported COPD diagnosis where the number of reported respiratory symptoms, probably non-related to COPD, had the strongest association. But after controlling for other factors, having mild lung obstruction was not associated with being diagnosed with COPD. Further, the overall COPD prevalence among US adults aged 40–79 years varied between 10.2 and 20.9% based on whether pre- or post-bronchodilator values were used and which diagnostic criterion was applied (51). The overall prevalence decreased by approximately 33% when airflow limitation was based on post-bronchodilator as compared to pre-bronchodilator spirometry, regardless of which diagnostic criterion was used (51).

A recent study showed that among those with spirometry-defined obstruction, 72.0% (SE, 1.9) in NHANES 2007–2012 were undiagnosed (52). Further, using multivariate models, undiagnosed obstructive disease was consistently associated in both surveys (NHANES 2007–2012 and NHANES III) with self-reported good/excellent health status, lower comorbidity burden, higher lung function, and being of racial/ethnic minority. On the other hand there was no association between undiagnosed disease or healthier profile and education level in either survey NHANES 2007–2012 or NHANES III (OR = 0.94, 95% = 0.61–1.44, where “high school and beyond” was compared to “below high school”) (52). Although educational level of self-reporting diagnosed emphysema patients were different from control group, we suggest that the bias due to under diagnosis is non-differential, weakening the association between dark-green vegetable intake and emphysema.

Also, information bias is likely because of retrospective data collection and the intrinsic limitations of the 24-h dietary/food recall that the participants were subjected to. Potentially, participants may over-report their intake of fruits and vegetables, hence a recall bias (53). Unfortunately, data is not available to assess whether differential misclassification of dark green vegetable intake occurred due to misreporting and to determine the direction and magnitude of misclassification bias.

Although we controlled for well-documented risk factors namely age, gender, and race, BMI, education level, marital status, smoking status, alcohol intake, and blood cadmium level; residual confounding may still persist in this study. Food except for vegetables and fruits may contain unknown biologically active compounds, which may be correlated with vegetables and fruits but were not controlled for in the study. In addition, there is usually a complicated relationship between foods and food subtypes that may potentially modify the direction of association with lung diseases. Important to note that the inferences stayed same after including physical activity in the model.

In conclusion, the results suggest that consumption of dark green vegetable and recommended amounts of micronutrient such as vitamin K and vitamin A can help slow or halt the emphysematous process. Clearly, dietary or protective interventions with specific micronutrients early in life may promote a healthy lung and also curb emphysematous injury. More prospective cohorts and well-designed clinical trials are needed to promote the transition of individualized nutrient interventions into health policy. A replication using an expanded sample size followed by functional analysis would be beneficial.
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(n=17,681)
Yes (n = 391) No (n = 17,200)
Vitamin K Yes 4,976 (32.06) 75 (18.79) 4,901 (32.30)
61371378 652,992 60,718,385
Vitamin A Yes 4,232 (26.78) 75(7.19) 4,157 (12.59)
51,264,497 624,915 50,639,582
Dark-green Veg Intake Yes 1,042 (12.49) 27 (7.19) 1,915 (12.59)
23,916,374 250,078 23,666,206
Gender Female (1) 8,768 (48.49) 244/(58.11) 8,524 (48.26)
92,724,512 2,019,916 90,704,595
Male (2) 8913 (51.56) 147 (41.89) 8,766 (51.74)
98,707,458 1,456,217 97,251,242
Race/Ethnicity Non-hispanic white (3) 8,007 (60.38) 286 (84.98) 7,811 (69.10)
132,824,555 2,054,148 129,870,407
Non-hispanic biack (4) 3,579 (10.55) 47 191,819 (6.52) 3,532 20,005,943
20,197,763 (10.64)
Mexican American (1) 2,679 (8.13) 14(1.72) 2665 (8.25)
15,569,372 59,681 15509691
Other hispanic (2) 1,787 (6.30) 2486,160 17,435 1,763 (5.35)
10,150,921 (2.48) 1,006,4761
Other race - including multi-racial (5) 1,539 (6.63) 20 (5.30) 1,519 (6.65)
12,689,360 184,325 12,505,035
Heavy drinking status. No (0) 1,5019 (85.59) 246 (64.23) 14,773 (85.92)
163,724,962 2,232,619 161,492,343
Yes (1) 2,662 (14.47) 145 (35.77) 2,517 (14.08)
27,707,008 1,243,514 26,463,494
Smoking status Never smoked (0) 9,668 (55.21) 27 8:64) 9,641 (56.07)
105,683,001 300,201 105,382,800
Former smoker (1) 4,369 (25.22) 189 (50.06) 4,180 (24.76)
48,274,092 1,740,234 46,533,859
Someday smoker (2) 654 (3.69) 10 (3.44) 644 (3.70)
7,065,257 119,527 6945729
Every day smoker (3) 2,990 (15.89) 165 (37.86) 2,825 (15.48)
30,409,620 1,816,171 29,093,449
Education level Less than high school 4,347 (15.29) 168 (34.19) 4,179 (14.94)
29,262,368 1,188,496 28,073,871
High school/GED equivalent 4,047 (22.29) 98 (26.08) 3,949 (22.16)
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Some college/AA equivalent 5,161 (32.10) 86 (26.11) 5,075
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Marital status Married/lving with partner 10,578 (63.09) 190 (53.22) 10,388 (63.27)
120,766,233 1,849,998 118,916,235
Single 7,103(36.91) 201 (46.78) 6,902 (36.73)
70,665,737 1,626,135 69,039,602
Age Mean (std. error) 47.40 0.29) 47.12(0.29) 62.89 0.75)
BMI 29,08 0.10) 29.07 (0.10) 29,83 (0.55)
Cadmium 0.47 0.01) 0.46 (0.01) 092 (0.08)
Total energy intake 2,161.82 (9.80) 2,164.89 (10.01) 1,995.73 (59.43)

The unit of BMI, Cadmium, and Total energy intake are (ky/m), (ug/L), and kilocalorie, respectively. For maritel status single includes: Widowea/Divorced/ Separated/Never Married. The
values for categorical variables are raw frequency, (percentage), and weighted frequency, respectively. Apart from Dark Green Vegetable Intake and BMI, all the other variables had
P-value < 0.05 based on bivariate association for categorical variables and linear regression for continuous variables.
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