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Abstract: Background: Recent studies suggest an association between long-term air pollution, diet, and health
outcomes, but there are limited studies on how short-term air pollution affects dyslipidemia in particular. We
aimed to investigate this association with modified fruit and vegetable consumption. Methods: The
Cardiovascular Disease Association Study (CAVAS) included 8,779 participants between 2007 and 2016.
Particulate matter (PM2s) and nitrogen dioxide (NO:) levels were estimated using community multiscale air
quality models. Short-term air pollution exposure was defined as a moving average over a lag time from “lag 1
days” to “lag 14 days.” Fruit and vegetable intake was categorized into 'total vegetables (TV),” 'non-salted
vegetables (NSV)," 'salted vegetables (SV),' 'fruits (F),’ non-salted vegetables + fruits (NSVF),' and 'total
vegetables + fruits (TVF).' Dyslipidemia was defined by total cholesterol 2240 mg/dl, LDL cholesterol >160 mg/dlI,
HDL cholesterol <40 mg/dl, serum triglycerides 2200 mg/dl, or physician-reported dyslipidemia. Results: Higher
short-term PM2s concentrations were associated with an increased risk of dyslipidemia (odds ratio (OR) = 1.012,
95% CI: 1.003, 1.020 for a lag of 14 days). High PM2s groups (>23.3 pg/m?®) with a higher TV intake (>186.1 g/day)
were associated with a decreased risk of dyslipidemia (OR = 0.88, 95% CI: 0.78, 0.99). Additionally, high PM2s
groups (>23.3 pg/m®) with a higher intake of SV (>110.6 g/day) were associated with a decreased risk of
dyslipidemia (OR = 0.86, 95% CI: 0.76, 0.97). Conclusion: Our study suggests that vegetable consumption is an
important dietary factor for attenuating risk of dyslipidemia associated with short-term air pollution exposure.

Keywords: Air pollution; dyslipidemia; fruits; vegetables; effect modification

Introduction

The harmful impact of air pollution on human health is incontrovertible in the modern era. [1]
Many studies have shown the adverse effects of air pollution on human health. [2,3] In particular, it
is clear that long-term exposure to air pollution increases the risk of cardiovascular mortality and
morbidity, [4,5] as well as cancer. [3] Additionally, air pollution has been shown to increase the
incident risk of classical vascular risk factors, such as hypertension and diabetes mellitus. [6,7] As air
pollution continues to worsen, there is need for studies aimed at reducing the incidence of air
pollution-related diseases and damage to the human body.

Dyslipidemia refers to elevated levels of lipids in the blood, particularly low-density lipoprotein
(LDL) cholesterol, and is a major risk factor for atherosclerotic cardiovascular disease, including
coronary heart disease, stroke, and peripheral arterial disease. Untreated or inadequately managed
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dyslipidemia can lead to fatal and nonfatal cardiovascular or cerebrovascular events. [8-10]
Regarding the association of air pollution with dyslipidemia, a previous study showed that long-term
air pollution exposure was associated with decreased levels of high-density lipoprotein (HDL)
cholesterol. [11]

Additionally, previous studies on associations between air pollution and the incidence or
mortality of various diseases have focused on long-term exposure. [7,12-15] However, air pollution
can also have adverse effects on human health with short-term exposure. As expected, previous
studies have reported associations between short-term exposure to air pollution and cardiovascular
disease, diabetes, and kidney disease. [16-20] Therefore, short-term air pollution exposure also may
be associated with various diseases including dyslipidemia.

Fruits and vegetables are a major part of a healthy and high-quality diet. A varied diet rich in
fruits and vegetables is important for health and development. A previous study has shown that older
adults who consume a plant-based dietary pattern rich in whole and refined grains, vegetable oil,
fruits, vegetables, and salt-preserved vegetables may reduce the harmful effects of particulate matter
(PM2s5) on cognitive function. [21] In addition, longitudinal data from a prospective cohort study
showed that high PM:2sand nitrogen dioxide (NOz) groups with higher intake of retinol, vitamin A,
and cholesterol were associated with a decreased risk of diabetes. [22]

Accordingly, adequate intake of fruits and vegetables may reduce the risk of metabolic diseases
associated with air pollution. However, there has been little study on how the appropriate intake of
fruits and vegetables affects the risk of dyslipidemia associated with air pollution exposure,
particularly short-term exposure.

Therefore, we hypothesized that short-term air pollution exposure would be associated with an
increased incidence of dyslipidemia, and the harmful effects of short-term air pollution on
dyslipidemia would be modified by consumption of fruits and vegetables. We investigate the
association between short-term air pollution exposure and the incidence of dyslipidemia according
to consumption of fruits and vegetables.

Materials and Methods
Ethical Considerations

The study design was reviewed and approved by the Institutional Review Board of Ewha
Womans University Seoul Hospital (SEUMC 2024-02-031). This study was conducted in accordance
with the tenets of the Declaration of Helsinki.

The data of the Korean Genome and Epidemiology Study (KoGES) were accessed with approval
from the ethical review board following the review and approval of the National Institute of Korea
(https://kdca.go.kr/contents.es?mid=a40504060300).

Study Participants

KoGES is a population-based prospective cohort study that aims to elucidate the associations of
lifestyle factors and genetic risk factors with major chronic diseases in Korean adults. Detailed
information on KoGES can be found elsewhere. [23] Among the six cohorts of the KoGES, we used
the data of the Cardiovascular Disease Association Study (CAVAS), which recruited 28,337
community dwellers older than 40 years residing in Ganghwa, Goryeong, Namwon, Pyeongchang,
Wonju, and Yangpyeong at baseline from 2005 to 2011. In each survey, information on
sociodemographic factors, lifestyles, diet, and disease history was obtained by trained interviewers,
and anthropometric measurement and urine and blood sampling were conducted by trained
technicians. [23] Participants for this study were included in the 1st-3rd surveys from 2007 to 2016
with a total of 12,463 participants. Among these participants, those with a total energy intake
<500kcal/day (n = 21), and total energy intake >5000 kcal/day (n = 9) were excluded, as were
participants with missing data (n = 3,572) on air pollution and diet. In addition, participants (n = 82)
without complete information for demographics, vascular risk factors including hypertension and
diabetes, and survey site were excluded. Ultimately, a total of 8,779 participants was included in the
final analysis (Figure 1).
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Figure 1. Flowchart of the participant selection process. Abbreviations: KoGES, Korean Genome and Epidemiology
Study; CAVAS, Cardiovascular Disease Association Study

Figure 1. Flowchart of the participant selection process.

Assessment of Air Pollutants

Air pollution exposures were estimated using community multiscale air quality models that
integrated meteorological, emissions, and chemical transport models. NO: data were evaluated
within a 9-km grid using monitoring station data from various locations across Korea. PM data were
assessed within a 1-km grid using satellite-derived aerosol optical depth data from NASA's Terra and
Aqua satellites, following implementation of nationwide PM:5 monitoring in 2015. Additional
adjustments for air pollution levels were conducted using the normalized difference vegetation index
and meteorological factors through multiple linear regression models. A detailed explanation of the
air pollution models can be found elsewhere. [22,24]

The residential addresses of each study participant were collected during baseline and follow-
up surveys and geocoded using GeoService-Xr software (Geoservice, Seoul, Korea). Air pollution
data for the study period (2007-2016) were matched with cohort data by aligning the geocoded
addresses with the 1-km grids (for PM2s) or 9-km grids (for NOz) from the air pollution models. [22]

Short-term exposure to air pollution was defined as the moving average of lag time ranging from
“lag 1 day” to “lag 14 days.” To assess low and high exposure to air pollution, we first validated
whether the variables followed a normal distribution and then categorized them into two groups
based on the mean value: low (< mean) and high (> mean). The PM25s moving average of lag 0-14 days
was divided into two categories: low (<23.3 ug/m®) and high (>23.3 pg/m?). Similarly, NO2 was
categorized as low (<11.2 ppb) and high (211.2 ppb).

Assessment of Dietary Factors

Dietary assessments were carried out using a semi-quantified food frequency questionnaire
(SQFFQ) during the baseline survey. [25] Dietary intake data from the participants were collected
through a semi-quantitative Food Frequency Questionnaire (FFQ) in the baseline survey.

Participants reported their usual frequencies of consuming 103 food items using nine frequency
categories, ranging from 'almost never' to 'three times/day,' along with typical portion sizes ('less than
one serving size,' 'one serving size,' or 'more than one serving size'). The daily intake of each food
item was converted to grams per day by multiplying the frequency per day by the portion size score.
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Nutrient intakes, including energy, macronutrients, vitamins, and minerals, were calculated by
multiplying the grams per day of food consumed by their respective nutrient contents. [22,25-27]

To evaluate the intake of fruits and vegetables, the groups were divided into six categories: non-
salted vegetables (NSV)," 'salted vegetables (SV),' 'fruits (F)," 'total vegetables (TV)," non-salted
vegetables + fruits (NSVF),"' and 'total vegetables + fruits (TVF).' The 'NSV' group included fresh and
canned vegetables and juices consumed throughout the day, excluding kimchi and pickled
vegetables, while the 'SV' group consisted of kimchi and pickled vegetables. The 'F' group
encompassed fresh, canned, and dried fruits, as well as juices consumed during the day. The 'TV'
group represented the consumption of all vegetables, including kimchi and pickled vegetables, while
the "TVF' group combined the consumption of total vegetables (TV) and fruits (F). The 'NSVF' group
represented the combined consumption of non-salted vegetables and fruits. The quantities of food
groups were reported in grams per day (g/day). [28,29] To assess the low and high intake of fruits
and vegetables, we validated whether the variables followed a normal distribution and then
categorized them based on the mean value into two groups: low (< mean) and high (= mean). The
consumption of "TV' was divided into two categories: low (<186.1 g/day) and high (>186.1 g/day).
Similarly, 'NSV' was categorized as low (<57.4 g/day) and high (=57.4 g/day), while 'SV' consumption
was categorized as low (<110.6 g/day) and high (=110.6 g/day). For 'F,' the categories were low (<115.9
g/day) and high (=115.9 g/day). The consumption of 'NSVF' was also categorized as low (<187.9 g/day)
and high (2187.9 g/day), and 'TVF' consumption was categorized as low (<328.6 g/day) and high
(=328.6 g/day).

Assessment of Outcomes

Blood samples were collected from all of the participants in a 10 h fasting state at baseline and
follow-up visits and were stored at 4° C until (approximately 1 h later) separated plasma and serum
components were aliquoted in 6-10 vials (300-500 uL per vial). The separated fluids were collected
and stored at the National Biobank of Korea. [23,30] Laboratory evaluations were performed in the
same core clinical laboratory, which is accredited and participates annually in inspections and
surveys by the Korean Association of Quality Assurance for Clinical Laboratories. [22,31] The total
cholesterol, HDL cholesterol, and triglycerides levels were measured by the enzymatic colorimetric
method (ADVIA 1650-chemistry system, Bayer, Leverkusen, Germany). [31] LDL cholesterol levels
were calculated using the Friedewald formula: LDL cholesterol = total cholesterol - HDL cholesterol
— (triglycerides/5). Plasma glucose levels were evaluated using the enzyme method (ADVIA 1650 and
ADVIA 1800; Siemens Healthineers, IL, USA). [22] Dyslipidemia was defined as one or more of the
following five criteria according to the National Cholesterol Education Program Adult Treatment
Panel III guidelines (NCEP-ATP III): total cholesterol 2240 mg/dl, LDL cholesterol 2160 mg/dl, HDL
cholesterol <40 mg/dl, serum triglycerides 2200 mg/dl, and physician-reported dyslipidemia. [32]

Statistical Analysis

The categorical variables were analyzed using the Chi-square test, while the continuous
variables were analyzed by the T-test and generalized linear regression (GLM). Significant differences
were assessed using GLM analysis, followed by Scheffe's post-hoc comparison test for further
evaluation. The dyslipidemia risk was presented as the odds ratio (OR) and 95% confidence interval
(CI). We analyzed the associations between short-term air pollution exposure and dyslipidemia using
multivariable logistic regression models. We also analyzed the associations between the consumption
of fruits and vegetables and dyslipidemia using multivariable logistic regression models. We further
evaluated the interaction of short-term air pollution exposure and combined consumption of fruits
and vegetables (air pollution x fruits and vegetables) using these multivariable logistic regression
models. The multivariable analysis was adjusted for ambient temperature and humidity, total energy
intake, age, sex, smoking, drinking, exercise, BMI, and survey site. The short-term exposure to
temperature and humidity was defined as the moving average of lag time ranging from “lag 0 days”
to “lag 14 days.” BMI was calculated by dividing the weight of the person by the square of their
height (kg/m?). Survey sites were categorized into “Yangpyeong,” ‘Namwon,” ‘Goryeong,” “Wonju,’
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‘Pyeongchang,” and ‘Ganghwa.” Job status was categorized into white-collar job, blue-collar job, and
others. All statistical analyses were conducted with SAS software version 9.4 (SAS Institute Inc., Cary,
NC, USA). A two-tailed p-value < 0.05 was considered statistically significant for all analyses. Most
values were rounded to one decimal place.

Results
Baseline Characteristics of the Study Participants

Table 1 presents the baseline characteristics of controls and cases of dyslipidemia. Participants
with dyslipidemia were more likely to be current smokers, non-alcohol drinkers, and from the
Goryeong survey site than were the controls. In addition, participants with dyslipidemia were more
likely to have a higher BMI and percentage of energy from carbohydrates than the controls. On the
other hand, participants with dyslipidemia consumed a lower percentage of energy from protein and
fat and had lower TV and SV consumption compared to the controls. Although no significant
difference was observed between the control group and cases of dyslipidemia, consumption of NSV,
F, NSVF, and TVF was proportionally lower among individuals with dyslipidemia compared to

controls.
Table 1. Characteristics of the study participants.
Total Dyslipidemia (-) Dyslipidemia (+)
Variables n=_8779 n = 3627 n=>5152 p-value
Gender, n (%) n (%) n (%) n (%)
Men 3423 (39.0) 1417 (39.1) 2006 (38.9) 0.901
Women 5356 (61.0) 2210 (60.9) 3146 (61.1)
Job, n (%)
White-collar job 378 (4.9) 153 (4.8) 225 (5.0) 0.339
Blue-collar job 5612 (73.4) 2367 (74.3) 3245 (72.7)
Others 1659 (21.7) 668 (21.0) 991 (22.2)
Smoking status, n (%)
Non 7413 (84.4) 3106 (85.6) 4307 (83.6) 0.032
Ever 232 (2.6) 91 (2.5) 141 (2.7)
Current 1134 (12.9) 430 (11.9) 704 (13.7)
Alcohol consumption, n (%)
Non 5021 (57.2) 1976 (54.5) 3045 (59.1) <.0001
Ever 260 (3.0) 101 (2.8) 159 (3.1)
Current 3498 (39.9) 1550 (42.7) 1948 (37.8)
Physical activity, n (%)
No 5847 (66.6) 2436 (67.2) 3411 (66.2) 0.350
Yes 2932 (33.4) 1191 (32.8) 1741 (33.8)
Physician-reported comorbidity, n (%)
Hypertension
No 8192 (93.3) 3408 (94.0) 4784 (92.9) 0.041
Yes 587 (6.7) 219 (6.0) 368 (7.1)
Diabetes
No 8566 (97.6) 3559 (98.1) 5007 (97.2) 0.005
Yes 213 (2.4) 68 (1.9) 145 (2.8)
Age, years 62.3+9.7 62.3+10.1 62.3+9.5 0.980
Body mass index, kg/m? 242+32 23.7+33 247 +3.1 <.0001
Total energy, kcal/day 1607.9 + 510.5 1619.8 £ 522.6 1599.6 + 501.7 0.070
% of energy from carbohydrate 752+6.5 748+6.5 755+6.5 <.0001
% of energy from protein 121+24 122+24 12.0+2.4 0.0002
% of energy from fat 11.2+5.2 11.6 +5.2 11.0+5.1 <.0001
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219.0 £161.5
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389.1 + 282.6

0.014
0.659
0.002
0.684
0.621
0.092

TV, total vegetables; NSV, non-salted vegetable; SV, salted vegetables; F, fruits; NSVF, non-salted
vegetables + fruits; TVF, total vegetables + fruits. T-test for continuous variables and chi-squared test
for categorical variables were used.

Association of Short-Term Air Pollution Exposure with the Risk of Dyslipidemia

In analyses for the associations between short-term PM:5 concentrations and dyslipidemia, the
moving average of lag 9, 10, 11, 12, 13, 14 days was associated with a higher risk of dyslipidemia [OR
=1.008, 95% CI:1.001, 1.015 for lag 9 days; OR =1.009, 95% CI: 1.002, 1.017 for lag 10 days; OR =1.010,
95% CI: 1.003, 1.018 for lag 11 days; OR = 1.010, 95% CI: 1.003, 1.018 for lag 12 days; OR =1.011, 95%
CI: 1.003, 1.019 for lag 13 days; and OR = 1.012, 95% CI: 1.003, 1.020 for lag 14 days]. There were no
significant associations between the moving average of lag times of NO:z and dyslipidemia (Table 2).

Table 2. Association of short-term air pollution exposure with the incidence risk of dyslipidemia.

Dyslipidemia

Air pollutants OR (95% CI) p-value
PMozs, ug/m?

Lag 1 days 1.000 (0.995, 1.004) 0.834
Lag 2 days 0.999 (0.994, 1.004) 0.707
Lag 3 days 1.000 (0.994, 1.005) 0.912
Lag 4 days 1.000 (0.994, 1.006) 0.965
Lag 5 days 1.000 (0.994, 1.007) 0.941
Lag 6 days 1.001 (0.995, 1.008) 0.661
Lag 7 days 1.004 (0.997, 1.011) 0.223
Lag 8 days 1.006 (0.999, 1.013) 0.083
Lag 9 days 1.008 (1.001, 1.015) 0.023
Lag 10 days 1.009 (1.002, 1.017) 0.013
Lag 11 days 1.010 (1.003, 1.018) 0.009
Lag 12 days 1.010 (1.003, 1.018) 0.010
Lag 13 days 1.011 (1.003, 1.019) 0.009
Lag 14 days 1.012 (1.003, 1.020) 0.006
NO;, ppb

Lag 1 days 1.001 (0.993, 1.009) 0.831
Lag 2 days 0.999 (0.990, 1.008) 0.744
Lag 3 days 0.996 (0.986, 1.006) 0.426
Lag 4 days 0.994 (0.983, 1.004) 0.221
Lag 5 days 0.992 (0.981, 1.002) 0.123
Lag 6 days 0.990 (0.979, 1.001) 0.072
Lag 7 days 0.991 (0.980, 1.002) 0.094
Lag 8 days 0.991 (0.980, 1.002) 0.127
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Lag 9 days 0.992 (0.981, 1.003) 0.169
Lag 10 days 0.992 (0.981, 1.004) 0.192
Lag 11 days 0.993 (0.981, 1.005) 0.234
Lag 12 days 0.993 (0.981, 1.005) 0.259
Lag 13 days 0.993 (0.981, 1.005) 0.271
Lag 14 days 0.993 (0.981, 1.005) 0.232

OR, odds ratio; 95% CI, 95% confidence interval; PMas, particulate matter; NOz, nitrogen dioxide.
Adjusted for temperature, humidity, total energy intake, age, sex, smoking, drinking, exercise, BMI,
survey site.

Association of Fruits and Vegetables Consumption with the Risk of Dyslipidemia

Higher intakes of TV, NSV and SV were associated with a decreased risk of dyslipidemia
compared with lower intakes [OR = 0.89, 95% CI: 0.82, 0.98 for high intake of TV (>186.1g/day); OR =
0.90, 95% CI: 0.82, 0.98 for high intake of NSV (257.4g/day); and OR =0.89, 95% CI: 0.81, 0.98 for high
intake of SV (2110.6g/day)]. No significant difference in fruit consumption was observed, but higher
intake of TVF was associated with a decreased risk of dyslipidemia compared with lower intake [OR
=0.91, 95% CI: 0.83, 0.99 for high intake of TVF (=328.6g/day)] (Table 3).

Table 3. Association of fruits and vegetables consumption with the incidence risk of dyslipidemia.

Variables Criteria No. of Age-adjusted -value Multivariate -value
cases/subjects  OR (95% CI) p OR (95% CI) P

TV, g/day

Low <186.1 2650 / 4390 1.00 0.001 1.00 0.013

High >186.1 2502 / 4389 0.87 (0.80, 0.95) 0.89 (0.82, 0.98)

NSV, g/day

Low <574 2605 / 4389 1.00 0.199 1.00 0.018

High >57.4 2547 [ 4390 0.95 (0.87, 1.03) 0.90 (0.82, 0.98)

SV, g/day

Low <110.6 2657 / 4385 1.00 0.000 1.00 0.013

High >110.6 2495 / 4394 0.85 (0.78, 0.93) 0.89 (0.81, 0.98)

F, g/day

Low <115.9 2547 [ 4389 1.00 0.205 1.00 0.985

High >115.9 2605 / 4390 1.06 (0.97, 1.15) 1.00 (0.92, 1.09)

NSVE,

g/day

Low <187.9 2577 / 4389 1.00 0.958 1.00 0.169

High >187.9 2575 / 4390 1.00 (0.92, 1.09) 0.94 (0.86, 1.03)

TVF, g/day

Low <328.6 2618 / 4389 1.00 0.063 1.00 0.034

High >328.6 2534 / 4390 0.92 (0.85, 1.01) 0.91 (0.83, 0.99)
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OR, odds ratio; CI, confidence interval; TV, total vegetables; NSV, non-salted vegetable; SV, salted
vegetables; F, fruits; NSVF, non-salted vegetables + fruits; TVF, total vegetables + fruits. Adjusted for
total energy intake, age, sex, smoking, drinking, exercise, BMI, survey site.

Effect Modification by Vegetable Consumption on the Association between Short-Term Air Pollution
Exposure and the Risk of Dyslipidemia

For vegetable consumption within strata of short-term PM2.5 and NO2 concentrations, the high-
PMas groups (223.3 ug/m?) who had a higher intake of TV (2186.1 g/day) were associated with a
decreased risk of dyslipidemia compared to participants who had a lower intake of TV [OR = 0.88,
95% CI: 0.78, 0.99]. In addition, the high-PM2s groups (223.3 pg/m?) with a higher intake of SV (=110.6
g/day) were associated with a decreased risk of dyslipidemia compared to participants with a lower
intake of SV [OR = 0.86, 95% CI: 0.76, 0.97]. However, no interaction was found for short-term air
pollution exposure and vegetable consumption on the risk of dyslipidemia (Table 4).

We performed a post-hoc comparison test of characteristics by PMzs concentrations and TV
consumption groups using GLM analysis. Compared to those with high short-term PMo2s
concentrations (223.3 pg/m?®) and low TV consumption (<186.1 g/day), individuals in the other groups
had a relatively higher proportion of blue-collar jobs (74.8%, p = 0.003) and current alcohol
consumption (43.4%, p < 0.0001), were younger (60.9 + 9.4 years, p < 0.0001), and had a higher BMI
(24.4 £ 3.2 kg/m?, p = 0.0004). Although no significant difference was observed in the post-hoc
comparison test, individuals with high short-term PM2s concentrations (=23.3 pg/m?®) and high TV
consumption (=186.1 g/day) had a lower prevalence of dyslipidemia (59.8% vs. 58.4%), lower LDL-
cholesterol levels (146.6 + 34.8 mg/dL vs. 146.9 + 36.0 mg/dL), and higher HDL-cholesterol levels (47.3
+ 13.0 mg/dL vs. 46.5 + 11.9 mg/dL) compared to those with high short-term PM2s concentrations
(223.3 pg/m?) and low TV consumption (<186.1 g/day) (Supplementary Table 1).

Table 4. Effect modification by vegetables consumption on the association between short-term air
pollution exposure and the incidence risk of dyslipidemia.

Low PMys High PM; s p for
(<23.3pg/m’) (223.3pug/m’) interaction
Low TV (<186.1g/day) 1.00 (Reference) 0.96 (0.84, 1.08) 0.100
High TV (2186.1g/day) 0.79 (0.70, 0.90) 0.88 (0.78, 0.99)
Low PM; 5 High PM, s p for
(19.1ug/m?) (29.3ug/m?) interaction
Low NSV (<57.4g/day) 1.00 (Reference) 1.00 (0.89, 1.14) 0.775
High NSV (257.4g /day) 0.92 (0.81, 1.04) 0.95 (0.83, 1.07)
Low PM; 5 High PM, s p for
(19.1pg/m?) (29.3pg/m?) interaction
Low SV (<110.6g/day) 1.00 (Reference) 0.98 (0.86, 1.11) 0.214
High SV (2110.6g/day) 0.79 (0.70, 0.89) 0.86 (0.76, 0.97)
Low NO» High NO, p for
(<11.2 ppb) (211.2 ppb) interaction
Low TV (<186.1g/day) 1.00 (Reference) 1.11 (0.98, 1.26) 0.473
High TV (2186.1g/day) 0.82 (0.73, 0.93) 0.97 (0.86, 1.10)
Low NO, High NO, p for
(7.8ppb) (15.4ppb) interaction
Low NSV (<57.4g/day) 1.00 (Reference) 1.17 (1.03, 1.32) 0.483


https://doi.org/10.20944/preprints202407.2065.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 July 2024 d0i:10.20944/preprints202407.2065.v1

9
High NSV (>57.4g/day) 0.96 (0.85, 1.08) 1.05 (0.93, 1.20)
Low NO; High NO, p for
(7.8ppb) (15.4ppb) interaction
Low SV (<110.6g/day) 1.00 (Reference) 1.06 (0.94, 1.20) 0.080
High SV (2110.6g/day) 0.77 (0.68, 0.87) 0.95 (0.84, 1.07)

OR, odds ratio; CI, confidence interval; PMzs, particulate matter; NO2, nitrogen dioxide; TV, total
vegetables, NSV, non-salted vegetable; SV, salted vegetables. Adjusted for temperature, humidity,
total energy intake, age, sex, smoking, drinking, exercise, BMI, survey site. p-values for interaction
were estimated by combination value (air pollution x fruits and vegetables) added to the main logistic

regression models.

Discussion

Our findings suggest that vegetable consumption is an important dietary factor in prevention of
dyslipidemia, which was associated with short-term air pollution exposure.

Despite this study showing no interaction between short-term air pollution exposure and
vegetable consumption on the risk of dyslipidemia, individuals in high PM:s groups (223.3 pg/m?3)
who consumed higher TV (2186.1 g/day) and SV (=110.6 g/day) had a significantly lower risk of
dyslipidemia compared to those with lower intakes of these vegetables.

The American Heart Association indicates that PM:s exposure has a substantial effect on
morbidity and mortality. In particular, as levels of PM2s exposure increase, there is a corresponding
increase in cardiovascular disease. [33] Moreover, several studies have shown that PM2sexposure can
increase the likelihood of metabolic diseases and has an adverse impact on public health. [34,35]
While previous studies have associated the risks of hypertension, diabetes, and metabolic syndrome
with increased exposure to air pollutants, they studies mainly focused on the association with long-
term exposure. [6,7,12-14,36,37] Our study showed the importance of the association between short-
term PM2sexposure and an increased risk of dyslipidemia, particularly in an individual-level dataset.

We identified that higher intakes of TV (2186.1 g/day), NSV (=57.4 g/day), SV (=110.6 g/day), and
TVF (=328.6 g/day) were associated with a decreased risk of dyslipidemia. Meanwhile, no association
was found between short-term air pollution exposure and consumption of fruits alone on the
incidence risk of dyslipidemia. Though fruits and vegetables are important for a healthy diet as good
sources of vitamins, minerals, and fiber, fruits have high sugar contents. In previous studies,
consumption of strawberries, cantaloupe, and fruit juice had a positive association with type 2
diabetes. To determine the effects of these fruits, more studies are needed to evaluate the associations
between consumption of individual fruit varieties and health outcomes. [38,39] On the other hand,
research highlights that consumption of vegetables has an inverse relationship with obesity and
metabolic syndrome. [40-42] In addition, more vegetable-rich dietary patterns were associated with
decreased risk of obesity and metabolic syndrome. [43-46] Our study results were consistent with the
findings of these previous studies and suggested additional information regarding the details of the
vegetables, including both salted and non-salted vegetables, for the association of short-term air
pollution with dietary factors.

A previous study demonstrated an inverse association between the Mediterranean diet
(characterized by high TV excluding potatoes, nuts, legumes, fish, whole grains, monounsaturated
fatty acids to saturated fatty acids ratio, and alcohol intake) and the risk of cardiovascular disease
mortality in relation to long-term exposure to air pollutants in a large prospective US cohort. [21]
Furthermore, a significant interaction effect has been reported between the animal foods pattern
(characterized by high intake of animal blood and organs, preserved eggs, and processed meat
products) and exposure to air pollution on gestational diabetes mellitus. [47] A recent study has also
shown that sufficient intake of dietary nutrients, such as retinol, vitamin A, and cholesterol, is
inversely associated with the occurrence of diabetes mellitus in a scenario where air pollution levels
are reduced. [22] Healthy dietary factors, such as consuming high levels of vegetables, are associated
with a diet that is rich in vitamins, minerals, fiber, and antioxidants. [48] Our findings demonstrate
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consistent associations between air pollution exposure, dietary factors, and their relationships with
health outcomes.

Although the present study cannot confirm the interaction between short-term air pollution
exposure and vegetable consumption, we suggest that vegetable consumption be considered an
important factor in the prevention of dyslipidemia associated with short-term air pollution exposure.
Although our study does not offer a precise mechanism, it suggests that exposure to air pollution
may induce oxidative stress-related inflammatory responses in various parts of the body, particularly
the respiratory system, leading to pathological changes and impaired metabolic function.
Furthermore, air pollution exposure can impact biological pathways, such as NF-KB, by depositing a
range of toxic substances that trigger oxidative stress-related inflammatory responses. The health-
promoting compounds in vegetables have the potential to alleviate the development of metabolic
diseases through their antioxidant and anti-inflammatory activity. [1,6,22]

Our study had several limitations that need to be considered. First, the data used in this study
were derived from a community-based cohort of non-institutionalized adults, primarily consisting of
individuals with early-stage disease. Lifestyle factors such as physical activity, dietary habits, and
nutrition may not have as significant an impact on the treatment of severe cases. Therefore, caution
should be exercised when generalizing our results to patients with severe health conditions,
including those who are hospitalized or undergoing intensive treatments. Second, the follow-up
survey was conducted in only 6 of the 11 total communities where air pollution data were available,
potentially introducing selection bias, a common issue in many prospective cohort studies. [49] Third,
due to the nature of our cross-sectional data analysis, we were unable to establish causality in the
associations observed. Future studies should aim to investigate and confirm the causal factors
contributing to dyslipidemia.

In conclusion, our study revealed an association between higher short-term PMzslevels and an
elevated risk of dyslipidemia, while also suggesting the potential of vegetable consumption to reduce
this risk. Our results imply that including vegetables in the diet may have a significant association
with decreased risk of dyslipidemia associated with short-term exposure to air pollution.

Supplementary Materials: Table S1. Characteristics of the study participants by PM2.5 concentrations and TV
consumption.
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