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ABSTRACT

Background: A poor diet is a risk factor for chronic obstructive pulmonary disease (COPD).
The interaction between dietary factors and cigarette smoking in the development of COPD
is unclear. We investigated the interactions between dietary patterns and smoking status on
COPD-related outcomes.

Methods: We used data from the Anseong-Ansan cohort that has been followed for 20

years. A total of 6,221 individuals without COPD in the baseline survey were analyzed. Five
dietary patterns were identified using a semi-quantitative food frequency questionnaire.
Associations of dietary patterns with COPD and forced expiratory volume in 1 second (FEV,)/
forced vital capacity (FVC) ratio in different strata of smoking status were evaluated using Cox
regression and linear mixed models, respectively.

Results: The highest quartile of the “coffee” pattern (high coffee consumption) was
associated with COPD (hazard ratio, 1.46; 95% confidence interval [CI], 1.03-2.08) and lower
FEV,/FVC ratio (B = -1.2%; 95% CI, -1.9% to —0.6%) using the lowest quartile as a reference
for heavy smokers, but not light or never smokers (Pvalue for interaction = 0.035 for COPD).
Regarding the associations between various consumption levels of black coffee, combined
coffee, and instant coffee and COPD, an association with COPD was only observed for instant
coffee in heavy smokers.

Conclusion: High instant coffee consumption is associated with COPD development in heavy
smokers, but not in light or never smokers. This may be attributed to sugar and cream in
instant coffee mixes.

Keywords: Chronic Obstructive Pulmonary Disease; Coffee Consumption; Dietary Pattern;
Cigarette Smoking

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a very common condition with a
prevalence of 12% worldwide and 11% in the Republic of Korea.l According to the World
Health Organization, COPD is responsible for 3.23 million deaths annually, accounting for
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approximately 5% of all deaths worldwide.1,2 Cigarette smoking is one of the most important
risk factors for the development of COPD. Recent studies have shown that up to 50% of
smokers experience a substantial decline in lung function and consequently would be
diagnosed with COPD during their lifetime.3,4

Because a person’s diet comprises various foods containing nutrients that interact with each
other, the overall effects of diet are more complex than the simple additive effects of the
individual foods and nutrients. Therefore, dietary patterns, which are combinations of foods
commonly consumed together, need to be considered to assess overall nutritional quality.
However, although specific dietary nutrients, such as vitamins C and E, have been reported
to be associated with the risk of COPD,5 studies investigating the association between dietary
patterns%7 and COPD-related outcomes are limited. For example, in a cross-sectional study
using the data of a prospective cohort, a prudent dietary pattern (characterized by high
consumption of vegetables, fruits, water, tea, coffee, fish, and nuts) was associated with
forced expiratory volume in 1 second (FEV,), but not with FEV,/forced vital capacity (FVC)
ratio, forced expiratory flow at 25-75% of FVC (FEF2575), and COPD.¢ Our previous cross-
sectional study also showed that higher ‘coffee, fat, and sweet’ dietary pattern was associated
with lower lung function, particularly for FEV,/FVC ratio.”

Meanwhile, interestingly, it was reported that coffee consumption was associated with FEV1
and FVC only among never and former smokers but not current smokers.8 Furthermore,

in another study, the association between coffee and green tea consumption and COPD
prevalence was observed before adjustment for smoking status but disappeared after the
adjustment.? Given that cigarette smoking is an established risk factor for COPD and
potentially modifies or confounds the associations between dietary patterns and COPD, it
is important to consider the impact of smoking on the associations. Therefore, this study
aimed to investigate the interactions between dietary patterns and smoking status and their
associations with COPD-related outcomes. We explored the associations between dietary
patterns and COPD-related outcomes in different strata of smoking status and evaluated the
interactions between dietary patterns and smoking status using the data of a community-
based cohort followed for 20 years.

METHODS

Study participants

The Korean Genome and Epidemiology Study (KoGES) was a prospective cohort study that
aimed to elucidate the association between modifiable and genetic risk factors and major
chronic diseases in the Korean population. Detailed information on the KoGES has been
reported previously.10 In the present study, we used data from the Anseong-Ansan cohort
(of the KoGES study), which included 10,030 adults aged > 40 years residing in the Anseong
and Ansan areas from 2001 to 2002. Surveys were conducted biannually; the 10th survey was
conducted from 2019 to 2020, while the 11th survey is currently in progress. During each
survey, trained interviewers obtained information on sociodemographic factors, lifestyles,
diet, and disease history using structured questionnaires. In addition, trained technicians
conducted anthropometric measurements and collected urine and blood samples.

0f10,030 study participants, we excluded those with COPD (n =1,133) and those with
missing data on the food frequency questionnaire (FFQ) (n = 314) and smoking status (n =
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Participants included
in the Anseong-Ansan cohort
(N =10,030)

Participants with missing data in the baseline survey
- COPD (FEV;/FVC < 70%) (n =1,133)
- Food frequency questionnaire (n = 314)
- Smoking status (n = 99)

- 8,484

Participants with missing data on lung function
in the baseline or 10th survey (n = 2,263)

Participants included in the final analysis
(n = 6,221)

Fig. 1. Flowchart of the participant selection process.
COPD = chronic obstructive pulmonary disease, FEV, = forced expiratory volume in 1 second, FVC = forced vital capacity.

99) in the baseline survey. Participants with missing data on lung function (n = 2,263) in the
baseline or 10th survey were also excluded. Thus, 6,221 participants were included in the final
analysis (Fig. 1).

Assessment of dietary factors

Information on the dietary intake of the participants was obtained using the semi-quantified
FFQ in the baseline survey. For validation, the FFQ was administered twice at a 1-year interval
between December 2002 and May 2004, and dietary records were collected for three days
during each of the four seasons. The nutrient intakes and densities were compared among
the two FFQs and dietary records. The median Spearman correlation coefficient was 0.45 for
all nutrient intakes and 0.39 for nutrient densities.?11

For each of the 103 food items, study participants reported usual frequencies of consumption
(nine categories ranging from “almost never” to “three times/day”) and typical portion sizes

” «

(“less than one serving size,” “one serving size,” or “more than one serving size”).%11 The
daily intake of each food item was converted to grams/day by multiplying the frequency/day
by the portion size score. The intakes of 17 nutrients, including macronutrients, vitamins,
and minerals, were calculated by multiplying the gram/day of food consumed with its

nutrient content.12

For dietary pattern analysis, the 103 food items were categorized into 28 common food
groups based on previous studies.?1317 Factors were extracted by performing principal
component analyses using these food groups with orthogonal transformation (a varimax
method). We identified five dietary patterns with an eigenvalue > 1.4 and conducted further
analyses with these dietary patterns. We interpreted the dietary patterns based on the
identified food groups with absolute values of rotated factor loadings > 0.30.%18

Assessment of smoking status

Smoking status was assessed according to responses to three questions regarding cigarette
smoking in the baseline survey: smoking experience (never, previous, and current), smoking
duration in years, and the number of cigarettes smoked per day. We calculated pack-years by
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multiplying the smoking duration by the number of cigarettes and defined smoking status as
never, light (< 20 pack-years), and heavy smokers (> 20 pack-years).19,20

Assessment of outcomes

The outcomes of interest in this study were COPD and pre-bronchodilator FEV,/FVC ratio.
Trained pulmonary technicians measured lung functions using spirometry in the baseline and
10th surveys in accordance with the American Thoracic Society/European Respiratory Society
Task Force standardized protocols.?21 After measuring the FEV, and FVC, the FEV,/FVC ratio
were calculated. We defined COPD as FEV,/FVC ratio < 0.7, according to the 2018 Global Initiative
for Chronic Obstructive Lung Disease guidelines.?? In addition, COPD was defined alternatively
as 1) a FEV,/FVC ratio < 0.7 and FEV, < 80% of predicted value and 2) a FEV,/FVC ratio < 0.7

and the presence of respiratory symptoms (dyspnea, chronic cough, or chronic sputum).

Study participants who answered positively to the questions, “Do you feel shortness of breath
when walking on plain ground?,” ‘Do you have cough lasting three months or longer in recent
months?; and ‘Do you have sputum production accompanied by cough for at least three months
ayear?, were identified to have dyspnea, chronic cough, and chronic sputum, respectively.23

Statistical analysis

We categorized the dietary pattern scores into quartiles and used the lowest quartile (Q1)

as the reference. For each stratum of smoking status (never, light, and heavy smokers), we
analyzed the associations between dietary patterns and (a) COPD using Cox proportional
hazard models and (b) FEV1/FVC ratio using linear mixed models. We evaluated the
interactions between dietary patterns and smoking status by testing the product terms
added to the Cox regression and linear mixed models with lower-order terms. For linear
mixed models, participant identification numbers were used as random effects to control the
correlation between multiple observations from the same participants.

Of the identified dietary patterns, the “coffee” pattern was characterized by a high intake

of coffee, sugar, and cream. Therefore, we further analyzed the associations between the
consumption levels of black coffee, combined coffee, and instant coffee and COPD, stratified
by smoking status. Black coffee was defined as coffee made with the addition of coffee powder
or extracts to water without other ingredients. Combined coffee was defined as coffee made
with the addition of coffee powder with sugar or cream, while instant coffee was defined as
coffee made with the addition of coffee powder with sugar and cream. Coffee consumption
levels were assessed as “O serving/day,” “1 serving/day,” or “> 1 servings/day.”24,25

The following covariates were selected a priori based on assumed causal pathways: age, sex,
education level, monthly household income, body mass index (BMI), physical activity, FEV,, and
comorbidity in the baseline survey. The education level was categorized as elementary school,
middle school, high school, and college or higher. Monthly household income was categorized
as < 2 million Korean Won (< US$1,551) and > 2 million Korean Won (> $1,551). BMI was
calculated as the weight (kg) divided by the square of the height (m) and was categorized as
underweight (< 18.5 kg/m?), normal (18.5-24.9 kg/m?), and overweight (> 25 kg/m?). Physical
activity was calculated as the metabolic equivalent of task (MET) minutes per week. The
participants reported the number of minutes they spent on sleep and five types of activities
based on intensity: sedentary, very light, light, moderate, and heavy. The MET minutes per
week were calculated by multiplying the number of minutes the participants spent on each type
of activity per week and the MET values for each activity.26:27 As a comorbidity status, asthma,
tuberculosis, and other chronic respiratory diseases were considered.>
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Ethics statement

All study participants provided written informed consent before enrollment in the survey.
This study, which used anonymized KoGES data, was approved by the Institutional Review
Board of Hanyang University (IRB No. HYU-2023-126) and was performed according to the
tenets of the Declaration of Helsinki. The informed consent was waived by the board.

RESULTS

Baseline characteristics of study participants

Table 1 presents the baseline characteristics of the study participants with (n =5,179) and
without (n =1,042) incident COPD during the follow-up. Participants with incident COPD
during the follow-up were more likely to be heavy or light smokers, men, older, and had lower

Table 1. Baseline characteristics of study participants

Variables Total subjects Individuals without incident Individuals with incident COPD P value
(N =6,221) COPD (n = 5,179) (n=1,042)
Cumulative cigarette smoking <0.001
Never smoker 4,568 (73.4) 4,033 (77.9) 535 (51.3)
Light smoker 653 (10.5) 483 (9.3) 170 (16.3)
Heavy smoker 1,000 (16.1) 663 (12.8) 337 (32.3)
Sex <0.001
Men 2,964 (36.4) 1,633 (31.5) 631 (60.6)
Women 3,957 (63.6) 3,546 (68.5) 411 (39.4)
Education 0.073
Elementary school 2,061 (33.3) 1,680 (32.6) 381 (36.7)
Middle school 1,404 (22.7) 1,177 (22.8) 297 (21.9)
High school 1,935 (31.2) 1,630 (31.6) 305 (29.4)
> University 797 (12.9) 673 (13.0) 124 (12.0)
Monthly household income (10* Won) <0.001
<200 3,873 (63.2) 3,161 (62.0) 712 (69.3)
> 200 92,955 (36.8) 1,940 (38.0) 315 (30.7)
Physician-reported comorbidity
Asthma 0.129
No 6,128 (98.5) 5,107 (98.6) 1,021 (98.0)
Yes 93 (1.5) 72 (1.4) 21 (2.0)
Tuberculosis <0.001
No 5,958 (95.8) 4,985 (96.3) 973 (93.4)
Yes 263 (4.2) 194 (3.8) 69 (6.6)
Chronic respiratory 0.010
No 6,196 (99.6) 5,163 (99.7) 1,033 (99.1)
Yes 25 (0.4) 16 (0.3) 9(0.9)
Age, yr 51.3+8.6 50.8 = 8.5 53.8+ 8.5 <0.001
Body mass index, kg/m? 24,7 + 3.1 24,9+ 3.1 24.0 + 3.0 <0.001
Physical activity, MET minutes/wk 78.5+160.4 80.0 + 162.0 71.4+151.6 0.099
Total energy intake, kcal/day 1,914.8 = 704.8 1,910.4 + 696.3 1,936.2 + 745.9 0.3043
FVC, L &b =03 3.5£0.8 3.8+£0.9 <0.001
FEV,, L 2.9+0.7 2.9+0.7 2.9+0.7 0.069
FVC, % Pred. 105.4 = 14.4 105.3 + 14.3 105.7 = 14.8 0.340
FEV,, % Pred. 114.7 = 16.5 115.9+16.3 108.8 £ 15.9 <0.001
FEV,/FVC ratio 81.8+ 5.4 82.9+4.9 76.4+ 4.6 <0.001

Values are presented as number (%) or mean + standard deviation.

COPD = chronic obstructive pulmonary disease, MET = metabolic equivalent of task, FVC = forced vital capacity, FEV, = forced expiratory volume in one second,
% Pred = % of predicted value.

The smoker was definition of the three categories, which included ‘Never smoker,” ‘Light smoker (< 20 pack-years), and ‘Heavy smoker (> 20 pack-years).’

Data are presented as mean (standard deviation) or the number of sample size and its percentage (%).

T-test for continuous variables and chi-squared test for categorical variables were used.
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education levels, monthly household income, diagnosed with tuberculosis, and chronic
respiratory disease than those without incident COPD. In addition, participants with incident
COPD were less likely to BMI and FEV,/FVC ratio than those without incident COPD.

The analysis of baseline characteristics by smoking status showed that heavy smokers were
more likely to be men, younger, and had higher education levels, lower monthly household
income than light and never smokers. In addition, heavy smokers were less likely to be BMI,
physical activity, and FEV,/FVC ratio. Never smokers were more likely to have had lower total
energy intake than light and heavy smokers (Supplementary Table 1).

Correlations between dietary patterns and food groups

We identified five dietary patterns (“prudent & traditional,” “coffee,” “Western,” and “white
rice”), accounting for 36.7% of the total variance of food intake (15.9%, 8.5%, 6.3%, and
6.0%, respectively). The “prudent & traditional” pattern was characterized by a high intake
of fish and seafood, green and yellow vegetables, red and processed meat, seaweed, fruits,
mushroom, poultry, eggs, tea or beverages, legumes, dairy products, kimchi, and starch
jelly. The “Western” pattern was characterized by a high intake of flour products, noodles,
rice cakes, snacks, dumplings, snacks and potatoes. Finally, the “white rice” pattern was
characterized by a high intake of white rice and a low intake of grain rice (Table 2).

Associations of dietary patterns with COPD

The hazard ratio (HR) of fourth (Q4, highest) quartiles of the dietary patterns for COPD was
compared with the lowest quartiles. In analyses only adjusted for age, the Q4 of the “coffee”
and “white rice” pattern were associated with a higher risk of COPD with the lowest quartile
as a reference (HR, 1.47; 95% confidence interval [CI], 1.24-1.74 for Q4; HR, 1.45; 95% CI,
1.21-1.72 for Q4). However, these associations were attenuated when we adjusted the analyses
for other covariates (Supplementary Table 2).

We also evaluated the associations between dietary patterns and COPD, defined alternatively.
In analyses adjusted for age, the Q4 of the “coffee” pattern were associated with a higher

risk of COPD defined as FEV,/FVC ratio < 0.7 and FEV, < 80% of predicted value (HR, 2.19;
95% CI, 1.40-3.43). In addition, the Q4 of the “coffee” (HR, 1.32; 95% CI, 1.07-1.64) and
“white rice” pattern (HR, 1.63; 95% CI, 1.29-2.05) were associated with a higher risk of
COPD, defined as FEV1/FVC ratio < 0.7 and the presence of respiratory symptoms. However,
similarly, these associations were attenuated when we further adjusted the analyses for other
covariates (Supplementary Table 3).

Associations of dietary patterns with COPD and FEV,/FVC ratio stratified by
smoking status

Among heavy smokers, the Q4 of the “coffee” pattern were associated with a higher risk of
COPD with the lowest quartile as a reference (HR, 1.46; 95% CI, 1.03-2.08 for Q4). However,
this association was not observed in light and never smokers (Pvalue for interaction = 0.035).
We did not identify any associations between other dietary patterns and COPD (Table 3).

The Q3 and Q4 of the “coffee” pattern were also associated with lower FEV,/FVC ratio with the
lowest quartile as a reference for heavy smokers (B = -1.2%; 95% CI, -1.8% to —0.5% for Q3; and
B =-1.2%; 95% CI, -1.9% to —0.6% for Q4). The Q4 of the “Western” pattern were associated
with lower FEV,/FVC ratio the lowest quartile as a reference for heavy smokers (B = —0.9%;

95% CI, -1.4% to -0.3% for Q4). The Q3 of the “prudent & traditional” pattern were associated

https://doi.org/10.3346/jkms.2024.39.e1 6/14
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Table 2. Correlations between dietary patterns and food groups

Food items Food groups Prudent & Coffee Western  White rice
traditional

White rice White rice 0.005 0.030 0.009 0.889
Cooked rice with barley, cooked rice with other cereals, cereal powder Grain rices 0.067 -0.088 0.011 -0.868
Ramyun, noodles, chajangmyeon, buckwheat vermicelli/buckwheat noodle, Noodles 0.121 0.034 0.626 0.147
starch vermicelli, rice cake soup

Dumpling Dumpling 0.063 -0.047 0.580 0.072
Loaf bread, bread with red bean, other breads, cake/chocopie, pizza/hamburger Flour products 0.117 0.161 0.683 -0.055
Rice cake Rice cake 0.050 -0.085 0.608 -0.034
Cornflake Cereal 0.018 0.078 0.160 -0.153
Chocopie/cake, snack Snacks 0.098 0.190 0.472 -0.021
Coffee sugar, candy/chocolate Sweets 0.039 0.815 0.076 -0.011
Suchi, hair tail, eel, yellow croaker, mackerel/pacific saury/Spanish mackerel, Fish and seafood 0.734 0.099 0.091 0.024
Alaska pollack, dried anchovy, oyster, canned tuna, fish paste, crab, clam,

shrimp, salted-fermented fish

Pork, beef, ham/sausage Red and processed meat 0.640 0.154 0.099 0.204
Poultry Poultry 0.470 0.100 0.121 0.119
Eggs Eggs 0.384 0.060 0.141 0.007
Bean, tofu, soy milk Legumes 0.376 -0.036 0.162 -0.186
Nut, seed Nuts 0.164 0.065 0.263 -0.082
Radish/salted radish, cabbages, spinach, lettuce, perilla leaf, salad, green Green and yellow 0.706 -0.020 0.193 -0.004
vegetables, doraji/deoduck, bean sprouts, bracken/sweet potato stalk, red vegetables

pepper leaves, leek/water dropwort, cucumber, carrot/carrot juice, onion,

green pepper, pumpkin, pumpkin gruel/pumpkin juice

Mushrooms Mushroom 0.521 0.068 0.040 -0.102
Kimchi, Kkakduki/small radish Kimchi, Kimchi with liquid, other Kimchi, Korean Kimchi 0.340 -0.047 0.024 0.100
style pickles
Sweet potatoes, potatoes Potatoes 0.222 -0.105 0.464 -0.096
Brown seaweed, sea mustard, dried laver Seaweed 0.623 0.006 0.052 -0.100
Persimmon, tangerine, muskmelon/melon, banana, pear, apple/apple juice, Fruits 0.538 -0.072 0.061 0.066
orange/orange juice, watermelon, peach/plum, strawberry, grape/grape juice,

tomato/tomato juice

Milk, yoghourt, cheese, ice cream Dairy products 0.373 0.072 0.129 -0.163
Coffee cream, butter/margarine Fats and oils -0.002 0.863 0.015 0.015
Starch jelly Starch jelly 0.331 -0.043 0.291 0.038
Soybean paste/stew with soybean paste Soybean paste 0.287 -0.103 0.081 -0.043
Carbonated beverages Carbonated beverages 0.216 0.233 0.145 0.205
Coffee Coffee 0.043 0.867 0.020 0.030
Green tea, other drinks Other types of tea or 0.378 0.121 0.024 -0.136

beverages
Eigenvalue 3.67 2.41 2.36 1.83
Variance explained, % 15.9 8.5 6.3 6.0
Variance cumulative, %  15.9 24.4 30.7 36.7

Values are correlation coefficients between dietary patterns derived from factor analysis and each food group.

with higher FEV,/FVC ratio for light smokers (B = 1.1%;j 95% CI, 0.5%-1.7% for Q3). We did not

https://jkms.org

identify any associations between other dietary patterns and FEV,/FVC ratio (Table 4).

Associations of the consumption of black coffee, combined coffee, and
instant coffee with COPD
Instant coffee consumption was associated with a higher risk of COPD with the lowest

quartile as a reference for heavy smokers (HR, 1.43; 95% CI, 1.11-1.83 for > 1 serving per day
of instant coffee), but not for never and light smokers (Pvalue for interaction = 0.004). No
associations were observed between the consumption levels of black or combined coffee and

COPD (Table 5).

https://doi.org/10.3346/jkms.2024.39.e1
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Table 3. Associations between dietary patterns and chronic obstructive pulmonary disease stratified by smoking status

Dietary patterns Total subjects® Never smokers® Light smoker Heavy smoker P for
HR 95% Cl  Pvalue HR 95% Cl  Pvalue HR 95% Cl  Pvalue HR 95% Cl  Pvalue interaction®
Prudent & traditional 0.838
Quartile 1 1.00 1.00 1.00 1.00
Quartile 2 0.96 0.81-1.14 0.628 0.95 0.75-1.21 0.699 1.18 0.76-1.83 0.462 0.86 0.63-1.17 0.342
Quartile 3 0.96 0.81-1.15 0.666 1.05 0.82-1.34 0.693 0.85 0.55-1.33 0.481 0.89 0.65-1.22 0.471
Quartile 4 1.05 0.88-1.26 0.568 1.08 0.84-1.38 0.569 1.12 0.71-1.74 0.632 0.98 0.72-1.33 0.888
P trend 0.703 0.790 0.488 0.739
Coffee 0.035
Quartile 1 1.00 1.00 1.00 1.00
Quartile 2 0.92 0.77-1.11 0.375 0.84 0.67-1.05 0.123 1.10 0.67-1.80 0.714 1.21 0.81-1.83 0.355
Quartile 3 1.03 0.86-1.23 0.762 0.92 0.73-1.17 0.499 1.24 0.75-2.06 0.401 1.42 0.97-2.08 0.074
Quartile 4 1.02 0.85-1.22 0.819 0.80 0.61-1.04 0.095 1.27 0.79-2.06 0.324 1.46 1.03-2.08 0.036
P trend 0.627 0.279 0.751 0.165
Western 0.782
Quartile 1 1.00 1.00 1.00 1.00
Quartile 2 1.00 0.84-1.18 0.974 1.12 0.88-1.43 0.350 1.02 0.66-1.59 0.925 0.87 0.64-1.18 0.371
Quartile 3 1.04 0.87-1.23 0.702 1.03 0.81-1.33 0.794 0.96 0.63-1.48 0.867 1.14 0.85-1.54 0.384
Quartile 4 0.99 0.83-1.19 0.932 1.09 0.85-1.41 0.503 0.97 0.63-1.50 0.883 0.93 0.68-1.27 0.643
P trend 0.965 0.789 0.993 0.358
White rice 0.210
Quartile 1 1.00 1.00 1.00 1.00
Quartile 2 0.98 0.82-1.18 0.841 0.96 0.76-1.23 0.755 1.00 0.62-1.61 0.999 1.03 0.71-1.49 0.886
Quartile 3 1.08 0.90-1.30 0.411 1.04 0.82-1.33 0.751 0.85 0.51-1.42 0.544 1.24 0.87-1.77 0.232
Quartile 4 0.99 0.82-1.19 0.917 1.09 0.85-1.40 0.517 0.91 0.57-1.45 0.689 0.96 0.68-1.35 0.808
P trend 0.680 0.806 0.893 0.296

HR = hazard ratio, CI = confidence interval.

2Adjusted for age, sex, education level, monthly income level, body mass index, physical activity, smoking status, forced expiratory volume in 1 second, and
comorbidity at baseline.

°Adjusted for age, sex, education level, monthly income level, body mass index, physical activity, forced expiratory volume in 1 second, and comorbidity at baseline.
°P values for interaction were estimated by testing product terms added to the main Cox regression models.

Associations of dietary patterns with COPD defined alternatively stratified
by smoking status

In analyses with COPD defined as FEV,/FVC ratio < 0.7 and FEV, < 80% of predicted value,
the Q3 of the “coffee” pattern was associated with a higher risk of COPD among light
smokers (HR, 7.15; 95% CI, 1.47-34.84). In addition, the Q3 of the “Western” pattern was
associated with a higher risk of COPD among heavy smokers (HR, 1.96; 95% CI, 1.01-3.82)
(Supplementary Table 4).

In analyses with COPD defined as FEV1/FVC ratio < 0.7 and the presence of respiratory
symptoms, the Q4 of the “White rice” pattern was associated with a higher risk of COPD
among total participants (HR, 1.34; 95% CI, 1.06-1.71) and never smokers (HR, 1.59; 95% CI,
1.20-2.12). In addition, the Q3 of the “Western” pattern (HR, 1.96; 95% CI, 1.23-3.11) and
Q4 of the “Prudent &Traditional” pattern (HR, 1.78; 95% CI, 1.11-2.84) were associated with
COPD risk among heavy smokers (Supplementary Table 5).

DISCUSSION

In a community-based cohort followed for 20 years, the high coffee consumption dietary
pattern was associated with an increased risk of incident COPD and lower FEV,/FVC ratio in
heavy smokers. When we further analyzed the associations between consumption levels of
black coffee, combined coffee, and instant coffee and COPD, the association was only found
for instant coffee in heavy smokers.
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Table 4. Associations between dietary patterns and lung function stratified by smoking status

Dietary patterns Total subjects® Never smokers® Light smoker Heavy smoker P for
Change in FEV,/FVC (%) Change in FEV,/FVC (%) Change in FEV,/FVC (%) Change in FEV,/FVC (%) interaction®
Estimate 95%Cl Pvalue Estimate 95% Cl Pvalue Estimate 95%Cl Pvalue Estimate 95%CI Pvalue
Prudent & traditional 0.979
Quartile 1 Reference Reference Reference Reference
Quartile 2 -0.2 -1.9,1.4 0.777 -0.3 -2.6,1.9 0.765 -0.2 -0.7, 0.4 0.534 0.5 -0.1, 1.0 0.087
Quartile 3 0.1 -1.6,1.7 0.942 -0.02 -2.3,2.2 0.983 1.1 0.5, 1.7 0.000 0.1 -0.5, 0.6 0.736
Quartile 4 -0.5 -2.2,1.2 0.559 -0.5 -2.8,1.8 0.665 -0.5 -1.1,-0.03 0.061 -0.1 -0.7, 0.4 0.647
P trend 0.907 0.964 <0.0001 0.138
Coffee 0.996
Quartile 1 Reference Reference Reference Reference
Quartile 2 0.3 -0.9,1.5 0.601 0.4 -1.7,2.6 0.696 -0.3 -0.9, 0.4 0.442 -0.5 -1.3,0.2 0.156
Quartile 3 0.6 -0.6,1.8 0.330 -0.2 -2.4,2.0 0.865 0.02 -0.6,0.7 0.951 -1.2 -1.8,-0.5 0.001
Quartile 4 -0.03 -1.3,1.2 0.959 0.1 -2.3,2.4 0.967 -0.03 -0.6,0.6 0.925 -1.2 -1.9,-0.6 0.000
P trend 0.684 0.954 0.758 0.0002
Western 0.938
Quartile 1 Reference Reference Reference Reference
Quartile 2 0.9 -0.3,2.0 0.148 -0.2 -2.4,2.1 0.877 0.2 -0.4, 0.7 0.601 -0.3 -0.8,0.3 0.303
Quartile 3 0.1 -1.0,1.3 0.832 -0.1 -2.4,2.2 0.930 0.6 0.1,1.2 0.030 -0.5 -1.0,0.04 0.068
Quartile 4 0.02 -1.2,1.2 0.972 0.2 -2.1,2.4 0.893 0.2 -0.3,0.8 0.431 -0.9 -1.4,-0.3 0.001
Ptrend 0.407 0.992 0.160 0.013
White rice 0.995
Quartile 1 Reference Reference Reference Reference
Quartile 2 -0.2 -1.4,0.9 0.684 -0.4 -1.8,1.1 0.624 -0.1 -0.7, 0.5 0.779 0.2 -0.4, 0.8 0.528
Quartile 3 -0.2 -1.3,1.0 0.786 -0.3 -1.8,1.3 0.744 -0.01 -0.6,0.6 0.977 -0.4 -1.0, 0.2 0.173
Quartile 4 0.5 -0.7,1.7 0.383 0.6 -1.0,2.2 0.457 0.1 -0.5,0.7 0.661 -0.1 -0.7, 0.4 0.620
P trend 0.578 0.661 0.869 0.140

FEV1/FVC = forced expiratory volume in 1 second/forced vital capacity, Cl = confidence interval.

2Adjusted for age, sex, education level, monthly income level, body mass index, physical activity, smoking status, forced expiratory volume in 1 second, and
comorbidity at baseline.

®Adjusted for age, sex, education level, monthly income level, body mass index, physical activity, forced expiratory volume in 1 second, and comorbidity at
baseline.

°P values for interaction were estimated by testing product terms added to the main linear mixed models.

Table 5. Associations between the coffee groups and chronic obstructive pulmonary disease stratified by smoking status

Serving/day Total subjects® Never smokers® Light smoker Heavy smoker P for
HR 95% Cl  Pvalue HR 95%Cl  Pvalue HR 95% Cl  Pvalue HR 95% Cl  Pvalue interaction®
Black-coffee 0.244
[¢] 1.00 1.00 1.00 1.00
1 0.94 0.57-1.54 0.790 0.63 0.30-1.34 0.231 1.19 0.29-4.88 0.811 1.54 0.72-3.29 0.261
>1 1.09 0.68-1.74 0.734 0.91 0.41-2.04 0.818 1.16 0.36-3.74 0.809 1.27 0.65-2.49 0.488
Ptrend 0.910 0.478 0.950 0.428
Combined coffee 0.975
0 1.00 1.00 1.00 1.00
1 1.08 0.78-1.48 0.648 0.91 0.58-1.41 0.661 1.44 0.67-3.10 0.348 1.38 0.77-2.46 0.284
>1 0.97 0.74-1.29 0.853 0.92 0.58-1.46 0.714 1.74 0.84-3.58 0.136 0.86 0.58-1.28 0.459
P trend 0.882 0.856 0.230 0.406
Instant coffee 0.004
0 1.00 1.00 1.00 1.00
1 0.99 0.84-1.16 0.881 0.91 0.72-1.14 0.401 0.95 0.64-1.41 0.787 1.27 0.95-1.69 0.106
>1 1.03 0.87-1.21 0.755 0.75 0.55-1.02 0.062 0.90 0.60-1.34 0.590 1.43 1.11-1.83 0.005
Ptrend 0.924 0.150 0.860 0.018

HR = hazard ratio, Cl = confidence interval.

2Adjusted for age, sex, education level, monthly income level, body mass index, physical activity, smoking status, forced expiratory volume in 1 second, and
comorbidity at baseline.

°Adjusted for age, sex, education level, monthly income level, body mass index, physical activity, forced expiratory volume in 1 second, and comorbidity at
baseline.

P values for interaction were estimated by testing product terms added to the main Cox regression models.
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Previous studies have reported an association between a healthy/prudent dietary pattern

and a lower risk of COPD.6,28-30 A prospective cohort study revealed that a dietary pattern
characterized by high consumption of vegetables, fruits, water, tea, coffee, fish, and nuts was
associated with good lung function.® However, an unhealthy/Western-style dietary pattern
has been associated with a higher risk of COPD in several studies.28:29,31 A cross-sectional
study indicated that high red meat, fat, coffee, and beer consumption was associated with
poor lung function and a higher risk of COPD.31 However, to the best of our knowledge, no
study has evaluated the interaction between dietary patterns and cigarette smoking, which is
an important risk factor for COPD, and their associations with the risk of COPD.

Notably, the “coffee” pattern was characterized by a high intake of coffee, sugar, and cream.
A large proportion of the coffee consumed may be made from instant coffee mix, as its use is
widespread and has become increasingly popular among middle-aged Koreans.32 Meanwhile,
several Korean studies have shown associations between the consumption of instant coffee
mix and a higher risk of obesity, diabetes mellitus, and metabolic syndrome, which can affect
lung function adversely and increase the risk of COPD.33 These associations may be explained
by the high intake of sugar and cream, which are included in the instant coffee mix.32,34-36
Furthermore, we found that consumption of only instant coffee was associated with a higher
risk of COPD in heavy smokers. Collectively, these findings suggest that instant coffee is
responsible for the association between the high coffee consumption dietary pattern and an
increased risk of incident COPD and lower FEV,/FVC ratio in heavy smokers.

We observed an interaction between the high coffee consumption dietary pattern and
smoking status in the development of COPD, although the underlying mechanisms for this
finding are unclear. However, in a previous study, soda intake and cigarette smoking were
found to have synergistic effects on COPD in a Korean population, possibly owing to high
intake of sugar from soda.? High sugar consumption may cause obesity, leading to oxidative
stress-related inflammatory responses in various parts of the body, including the respiratory
system. These conditions cause pathological changes in the respiratory tract and impaired
lung function.?37-39 As cigarette smoking can also affect the respiratory tract through the
deposition of various toxic substances, including nicotine and tar, and subsequent oxidative
stress, the sugar and cream present in the instant coffee mix and cigarette smoking may
possibly exert synergistic effects on the development of COPD by increasing oxidative stress
and inflammation in the respiratory system. However, because inflammatory response can
also increase the risks of other respiratory diseases, such as asthma and interstitial lung
disease, more studies need to explore the possible effects of dietary factors, including instant
coffee, on various respiratory diseases.

This study used data from a community-based cohort of non-institutionalized adults, most
identified cases were likely of early-stage COPD because more severe COPD patients receive
treatment in medical institutions. When we defined COPD with FEV,/FVC < 0.7 and the
presence of respiratory symptoms to consider clinical COPD, we lost statistical significance
for the results regarding the associations between “Coffee” pattern and COPD among heavy
smokers, although the point estimates of the associations were still positive, and magnitudes
of associations were similar to those of the main analyses (Table 3 and Supplementary Table
5). Therefore, our results should be cautiously extrapolated to more severe COPD patients,
such as hospitalized patients and patients receiving more aggressive treatments. Accordingly,
it is suggested that instant coffee intake is considered to be an important factor that plays a
role in prevention of early-stage COPD.
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Our study had several limitations. First, the interpretation of dietary patterns is sometimes
arbitrary, and it is not always easy to derive clear public health implications (e.g., nutrition
education programs) from studies using dietary patterns. The possibility that coffee-related
foods and ingredients other than sugar or cream may have influenced the results should

be cautiously investigated in future studies. Second, although the prevalence of cigarette
smoking has decreased from 27.5% in 2010 to 20.6% in 2020 among Korean adults,40 we
did not consider the impact of this reduced prevalence of smoking (e.g., decreased effects
of instant coffee consumption on COPD). Third, although we defined COPD according to
the 2018 Global Initiative for Chronic Obstructive Lung Disease guidelines (18), information
bias regarding the outcome may exist. Further studies facilitating clinical diagnosis or more
accurate diagnostic tools are warranted to address this concern.

Nevertheless, to the best of our knowledge, this is the first study to explicitly explore the
interactions between dietary patterns and smoking status in the development of COPD.
Moreover, longitudinal associations were investigated using data from a large-scale
community-based cohort followed for 20 years. Finally, we used high-quality information on
diet, cigarette smoking, and lung function obtained from a validated FFQ, a well-designed
questionnaire, and spirometry.

The high coffee consumption dietary pattern was found to be associated with a higher risk
of COPD development and lower FEV1/FVC ratio in heavy smokers. However, the association
between coffee consumption and COPD was only observed for instant coffee; this may be
attributable to the sugar and cream included in the instant coffee mix that is popular among
middle-aged Koreans. Given the aging global population and increasing prevalence of COPD,

these findings have important public health implications and can be used to develop better
dietary guidelines to prevent COPD.
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