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Background: Previous observational studies have shown that the prevalence of
cardiovascular diseases (CVDs) is related to particulate matter (PM). However,
given the methodological limitations of conventional observational research, it is
difficult to identify causality conclusively. To explore the causality of PM on CVDs
and cardiovascular biomarkers, we conducted a Mendelian randomization (MR)
analysis.

Method: In this study, we obtained summary-level data for CVDs and
cardiovascular biomarkers including atrial fibrillation (AF), heart failure (HF),
myocardial infarction (M), ischemic stroke (IS), stroke subtypes, body mass index
(BMI), lipid traits, fasting glucose, fasting insulin, and blood pressure from several
large genome-wide association studies (GWASs). Then we used two-sample MR
to assess the causality of PM on CVDs and cardiovascular biomarkers, 16 single
nucleotide polymorphisms (SNPs) for PM2.5 and 6 SNPs for PM10 were obtained
from UK Biobank participants. Inverse variance weighting (IVW) analyses under
the fixed effects model were used as the main analytical method to calculate MR
Estimates, followed by multiple sensitivity analyses to confirm the robustness of
the results.

Results: Our study revealed increases in PM2.5 concentration were significantly
related to a higher risk of Ml (odds ratio (OR), 2.578; 95% confidence interval
(Cl), 1.611-4.127; p = 7.920 x 107°). Suggestive evidence was found between PM10
concentration and HF (OR, 2.015; 95% Cl, 1.082-3.753; p =0.027) and IS (OR,
2.279; 95% Cl,1.099-4.723; p=0.027). There was no evidence for an effect of
PM concentration on other CVDs. Furthermore, PM2.5 concentration increases
were significantly associated with increases in triglyceride (TG) (OR, 1.426; 95%
Cl, 1.133-1.795; p =2469x107®%) and decreases in high-density lipoprotein
cholesterol (HDL-C) (OR, 0.779; 95% ClI, 0.615-0.986; p =0.038). The PM10
concentration increases were also closely related to the decreases in HDL-C (OR,
0.563; 95% Cl, 0.366-0.865; p =8.756 x 107%). We observed no causal effect of
PM on other cardiovascular biomarkers.

Conclusion: At the genetic level, our study suggested the causality of PM2.5 on
MI, TG, as well HDL-C, and revealed the causality of PM10 on HF, IS, and HDL-C.
Our findings indicated the need for continued improvements in air pollution
abatement for CVDs prevention.

particulate matter, cardiovascular diseases, cardiovascular biomarkers, Mendelian
randomization, causal association
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1. Introduction

Globally, one in three deaths is caused by cardiovascular diseases
(CVDs) which place a heavy burden on health systems (1). It is
essential to find ways to prevent and treat CVDs to reduce their global
burden. It’s been a hot topic lately the connection between air pollution
and CVDs. The increasing urbanization of the world has led to the
exposure of more than 90% of the world’s population to levels of air
pollution that exceed the guidelines set by the World Health
Organization. As a result of air pollution, both developed and
developing countries are facing serious public health concerns.
Exposure to outside air pollution is generally identified as a challenge
for public health agencies and physicians, especially to fine particulate
matter (PM). PM are made up of an intricate mixture of liquid and
solid particles, as well as inorganic and organic compounds. Particles
are generally classified by size into coarse (aerodynamic
diameter < 10 pm; PM10), fine (diameter < 2.5 pm; PM2.5) fractions
(2). Due to its high level of danger for human health, PM can be used
as a reliable proxy for ambient air pollution related morbidity and
mortality (3). During the past decade, researchers have examined the
association between PM and human health using epidemiological
methods (4-6). Furthermore, despite the fact that PM exposure used
to be thought to pose a threat to health, especially the lungs (7), the
comprehensive clue now shows the greatest inverse impact occurs in
the cardiovascular system (8, 9). A cross-sectional study undertaken
in Ahvaz megacity showed that exposure to air pollution is
significantly associated with cardiovascular mortality (CM), hospital
admissions for cardiovascular disease (HACD), and hospital
admission for respiratory disease (HARD) (10). Besides, a study by
Dastoorpoor et al. also showed that a higher concentration of PM10
is associated with an increased risk of hospitalization for CVDs (11).
Similarly, Moradi and his colleagues noted that exposure to PM, even
at low concentrations, is related to an increased risk of cardiovascular
diseases hospitalizations (12). Furthermore, several studies also
demonstrated that PM increases the risk of CVDs such as atrial
fibrillation (AF), heart failure (HF), myocardial infarction (MI), and
ischemic stroke (IS) (13-16). However, several studies reported
inconclusive conclusions (17-21). In addition, most of the evidence is
based on observational studies. Due to residual confounding and
reverse causation, these studies have difficulty identifying
causality conclusively.

When evaluating the health risks of air pollutant exposure,
individual health risks may be better comprehended by considering
genetic diversity. It is becoming clearer that the impacts of air pollution
vary by individual, with some populations being more vulnerable to
its adverse effects. Genetic predisposition appears to play a crucial role
in response to air pollution (22). Previous studies have revealed that
exposure to PM2.5 causes negative health consequences driven by
alteration of gene expression (23, 24). A study conducted by Yao et al.
showed that participants with 2 alleles of SIRT1_391 can counteract
the adverse effect of PM2.5 and reduce the 26.1% risk of premature
mortality (25). Poursafa et al. revealed that synergistic effect of the
TM-33G / A polymorphism and air pollutants on factors associated
with the onset of atherosclerosis (26). To analyze the effect of genetic
polymorphisms and PM on CVDs and cardiovascular biomarkers,
we conduct Mendelian randomization (MR) analysis to examine the
relationship between them by using data from the publicly available
genome-wide association study (GWAS) and UK Biobank.
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2. Method
2.1. Study design

MR analysis is applied to investigate the relationship between
exposure and outcome, which can provide robust causality by utilizing
one or multiple genetic variants, such as single nucleotide
polymorphisms (SNPs) (27, 28). The MR study was built on the
Mendelian inheritance rule, which states that the parents’ genetic alleles
are randomly dispersed to the descendants during the process of
meiosis, which is supposed to be equivalent to RCT. As a result, the MR
design can be used to account for some intractable questions of causality
due to high costs or ethical issues, avoiding the biases of observational
studies. Therefore, this study intends to examine the causal relationships
of PM with CVDs and cardiovascular biomarkers by MR analysis.
CVDs included AE, HE M1, IS, and stroke subtypes. Cardiovascular
biomarkers contained body mass index (BMI), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), fasting glucose, fasting insulin, diastolic blood
pressure (DBP), and systolic blood pressure (SBP). MR analysis must
satisfy three assumptions. First, IVs must be closely related to exposure.
Second, the SNPs have no relationship to potential confounders. Third,
IV's can only cause outcomes through exposure (29) (Figure 1).

2.2. Data sources

2.2.1. GWAS summary data for PM and CVDs

GWAS summary statistics for PM were obtained from the UK
Biobank, including about 423,796 participants from Europe, both
male and female, which assessed the relationship between PM and
SNPs. Briefly, this GWAS examined two PM phenotypes, including
PM10 (n=423,796) and PM2.5 (n=423,796). In the case of AF
(n =103,083,6), we acquired summary-level data from the GWAS
meta-analysis reported by Nielsen et al. (30), which included 60,620
AF cases and 970,216 controls and revealed 142 independent risk
variants at 111 loci and prioritized 151 functional candidate genes
likely to be involved in atrial fibrillation. MI (n =395,795) was
obtained from the GWAS conducted by Hartiala et al., which
contained 395,795 participants from Europe, both male and female
(31). HF (n =977,323) was gained from the Heart Failure Molecular
Epidemiology for Therapeutic Targets consortium (HERMES)
conducted by Shah et al. (32). The GWAS comprised 47,309 HF cases
and 930,014 controls, showing 12 independent variants at 11 genomic
loci were associated with HE IS (n =440,328), large artery stroke
(n =150,765), small vessel stroke (n =1988,048) and cardioembolic
stroke (n =211,763) was had access to the results conducted by Malik
etal. (33), who tested 8 million SNPs in up to 67,162 stroke cases and
454,450 controls and revealed twenty-one additional loci were
associated with stroke in this study. Descriptions of the datasets used
in the analysis can be found in Table 1.

2.2.2. GWAS summary data for cardiovascular
biomarkers

The GWAS summary statistics of BMI were accessible to the study
conducted by Wood et al., including 119,688 individuals from
European (34). The GWAS summary statistics for lipid traits were
available from the Within family GWAS consortium, containing TG,
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FIGURE 1
The specific steps for selecting SNPs and three crucial hypotheses of the Mendelian randomization study. PM, particulate matter. SNP, single nucleotide
polymorphism.

HDL-C, LDL-C, which included 78,700, 77,409, and 70,814
participants from Europe, both male and female. The GWAS summary
statistics for fasting insulin and fasting glucose were obtained from the
study conducted by Chen et al. (35). The GWAS summary statistics
for blood pressure were accessible to the consortium of the MRC-IEU,
including DBP and SBP. Descriptions of the datasets used in the
analysis can be found in Table 1.

2.3. Selection and validation of SNPs

After we set the threshold of the p value as 5x107%, we did not
obtain any independent SNPs from the GWAS of PM10. In order to
contain more SNPs that are concerned with PM10, we used a more
lenient criterion (p <5x 1077) which had been applied to previous MR
research (36). Then we identified 16 SNPs connected with PM2.5 and 6
independent SNPs connected with PM10 at the genome-wide
significance level (p<5x107), showing the low likelihood of weak
instrumental variable bias in MR analysis. No SNP was directly
associated with CVDs or cardiovascular biomarkers. Using the
TwoSampleMR R package, we conducted clumping functions in order
to pick genetic variants without any linkage disequilibrium (LD)
(r*<0.001 across a 10,000kb window) (37). At last, 16 independent SNPs
related to PM2.5 and 6 independent SNPs related to PM10 were
determined; details can be found in the Supplementary Table. In
addition, when the F-statistic is greater than 10, the SNPs were regarded
as adequate to moderate the effect of potential bias, using the following
formula: F=R?x (N-2)/(1-R?) (38). No SNP was excluded from the MR
analyses (The specific steps for selecting SNPs are shown in Figure 1).

2.4. MR analysis

This study used the two-sample MR method. As a primary
analysis, we used inverse variance weighted (IVW) analyses under the
fixed effects model as our main method because no heterogeneity was
found in most analyses. Additionally, to ensure the results are robust,
multiple complementary analyses were conducted like IVW under the
random effects model, weighted median, and MR-egger. Sensitivity
analyses like the MR-PRESSO test, Egger-intercept test, and the
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leave-one-out analysis are used to test whether the result of MR
estimate is reliable. The Cochran Q test is mainly used to test and
evaluate the heterogeneity of the selected IVs, which refers to the
difference between the GWAS samples of exposure and outcome (39).
We performed the MR-Egger intercept test in order to detect potential
directional pleiotropy. It was determined that a significant pleiotropic
bias existed when the intercept p-value <0.05 (40). We used the
MR-PRESSO method to detect outliers before IVW methods were
proceeded. MR-PRESSO eliminated abnormal SNPS (outliers) to
detect potential horizontal pleiotropic and test whether there is a
difference between the results before and after correction (41). The
leave-one-out method was applied to analyze the sensitivity of the
results by sequentially removing one SNP at a time to examine
whether a single SNP with a large horizontal pleiotropy effect might
affect the MR estimates. A total of MR analyses was performed using
the R package “TwosampleMR”

3. Result
3.1. Causal effect of PM and CVDs

According to the IVW analysis, PM2.5 concentration increases
were significantly related to a higher risk of MI (OR, 2.578; 95% ClI,
1.611-4.127; p=7.920x 107°). Using the weighted median method,
identical risk estimates were obtained as well (OR, 2.559; 95% CI,
1.303-5.029; p=6.368 x 107°) (Figure 2). Suggestive evidence was found
between PM10 and HF (OR, 2.015; 95% CI, 1.082-3.753; p=0.027) and
IS (OR, 2.279; 95% CI, 1.099-4.723; p=0.027) (Figure 3). In contrast,
no causal relationship was found between PM2.5 and other CVDs
(Figure 2). Furthermore, we did not observe the causality of PM10 on
the risk of MI, AF, or stroke subtypes (Figure 3).

3.2. Causal effect of PM and cardiovascular
biomarkers

The IVW analysis revealed that the genetically predicted
PM2.5 concentration increases were significantly associated with
increases in TG (OR, 1.426; 95% CI, 1.133-1.795; p =2.469 x 107%).

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1201479
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wang et al.

TABLE 1 Detailed information of studies and datasets used for analyses.

10.3389/fpubh.2023.1201479

Phenotype  Data source Sample size Population Web source

PM2.5 UK Biobank 423,796 European https://gwas.mrcieu.ac.uk/datasets/ukb-b-10817/

PM10 UK Biobank 423,796 European https://gwas.mrcieu.ac.uk/datasets/ukb-b-18469/

AF Nielsen et al. 103,083,6 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST006414/
HF HERMES 977,323 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST009541/
MI Hartiala et al. 395,795 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011364/
IS MEGASTROKE 440,328 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST005843/
LAS MEGASTROKE 150,765 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST006907/
SVS MEGASTROKE 198,048 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST006909/
CS MEGASTROKE 211,763 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST006910/
BMI Wood et al. 119,688 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST006802/
TG Within family GWAS consortium 78,700 European https://gwas.mrcieu.ac.uk/datasets/ieu-b-4850/

HDL-C Within family GWAS consortium 77,409 European https://gwas.mrcieu.ac.uk/datasets/ieu-b-4844/

LDL-C Within family GWAS consortium 70,814 European https://gwas.mrcieu.ac.uk/datasets/ ieu-b-4846/

Fasting insulin Chen et al. 151,013 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90002238/
Fasting glucose Chen et al. 200,622 European https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST90002232/
DBP MRC-IEU 39,749 European https://gwas.mrcieu.ac.uk/datasets/ukb-b-18240/

SBP MRC-IEU 39,749 European https://gwas.mrcieu.ac.uk/datasets/ukb-b-6503/

HERMES, heart failure molecular epidemiology for therapeutic targets; PM, particulate matter; AF, Atrial fibrillation; HF, Heart failure; MI, Myocardial infarction; IS, Ischemic stroke;
LAS,Large artery stroke; SVS, Small vessel stroke; CS, Cardioembolic stroke;BMI, body mass index. TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; DBP, diastolic blood pressure; SBP, systolic blood pressure.

Outcome
Atrial fibrillation

Heart failure

Myocardial infarction

Ischemic stroke

Large artery stroke

Small vessel stroke

Cardioembolic stroke

Method

Ivw (fixed effect)
Ivw (random effect)
Weighted median
MR-Egger

Ivw (fixed effect)
Ivw (random effect)
Weighted median
MR-Egger

Ivw (fixed effect)
Ivw (random effect)
Weighted median
MR-Egger

Ivw (fixed effect)
Ivw (random effect)
Weighted median
MR-Egger

Ivw (fixed effect)
Ivw (random effect)

Ivw (fixed effect)
Ivw (random effect)

Ivw (fixed effect)
Ivw (random effect)

{1

OR(@5%Cl) P value

1.109(0.841,1.461) 0463
1.109(0.841,1.461) 0463
1.038(0.696,1.547) 0.856
0.885(0.501,1.564) 0.682

1.333(0.957,1.858) 0.089
1.333(0.888,2.002) 0.166
1.165(0.708,1.918) 0.548
1.168(0.473,2.886) 0.742

2.578(1.611,4.127) 7.920x107°
2.578(1.579,4.262) 2.211x10™*
2.559(1.303,5.029) 6.368x10°°

$. 3 .33

1.1

I

3491(1.039,11.734) 0061

0.956/
0.956
0.949
0918

0.743,1.229) 0.723
0.743,1.229) 0.723
0.688,1.308) 0.748
0.642,1.314) 0649

0.618(0.217,1.758) 0377
0618(0.181,2.107) 0442

1.091(0417,2.851) 0859
1.091(0.417,2.854) 0859

1.545(0.697,3423) 0.284
1.545(0.654,3.648) 0321

FIGURE 2

Associations of PM2.5 with cardiovascular diseases. Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.

We also found that the increases in PM2.5 concentration were
associated with the decreases in HDL-C (OR, 0.779; 95% CI,
0.615-0.986; p =0.038). The PM10 concentration increases were
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also closely related to the decreases in HDL-C (OR, 0.563; 95%
CI, 0.366-0.865; p =8.756 x 107*). We observed no causal effect of
PM on BMI, LDL-C, fasting glucose, fasting insulin, DBP, or
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Outcome nSNP Method OR(95%Cl) P value
Atrial fibrillation
6 Ivw (fixed effect) - 1.527(0.905,2.579) 0113
6 Ivw (random effect) to—1 1527(0.6833.414) 0.302
6 Weighted median e 1.179(0.562,2.475) 0663
6 MR-Egger H————— 1.317(0.199,8.688) 0.789
Heart failure
6 Ivw (fixed effect) — 2.015(1.082,3.753) 0.027
6 Ivw (random effect) o 2.015(1.082,3.753) 0.027
6 Weighted median i 1.737(0.785,3.841) 0173
6 MR-Egger 1 3.027(0.811,11.294) 1174
Myocardial infarction
6 Ivw (fixed effect) W 1.005(0.466,2.166) 0991
6 Ivw (random effect) W 1.005(0.466,2.166) 0991
6 Weighted median — 1.825(0.6994.763) 0683
6 MR-Egger — 1.214(0.457,3.227) 0.699
Ischemic stroke
5 Ivw (fixed effect) HE— 2.279(1.099,4.723) 0.027
5 Ivw (random effect) HE— 2.279(1.043,4.976) 0.039
5 Weighted median — 1.825(0.699.4.763) 0219
5 MR-Egger 8.805(1.881,41.242) 0071
Large artery stroke
6 Ivw (fixed effect) > 0.181(0.023,1.408) 0.103
6 Ivw (random effect) s 0.181(0.017,1.942) 0.158
Small vessel stroke
6 Ivw (fixed effect) — 0.181(0.017,1.942) 0.546
6 Ivw (random effect) — 0.557(0.046,6.697) 0645
Cardioembolic stroke
6 Ivw (fixed effect) H— 0.979(0.184,5.214) 0981
6 Ivw (random effect) H— 0.979(0.151,6.327) 0.982
S5 5 15 25 35 45
FIGURE 3
Associations of PM10 with cardiovascular diseases. Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.

SBP. The results of the remaining methods can be found in
Supplementary materials (Figure 4).

3.3. Sensitivity analysis

In sensitivity analysis, before we conducted the MR estimate,
we used the method of MR-PRESSO to correct for the horizontal
pleiotropy via outlier removal. After excluding these pleiotropic
variants, no horizontal pleiotropy was found by conducted the
MR-PRESSO method. For all outcomes, according to the MR-Egger
regression, there did not appear to be horizontal pleiotropy based on
the intercept term (Pintercept >0.05). We used the leave-one-out study
to test the robustness of the results. All error lines are to the left of 0,
indicating that the results are reliable and demonstrating that no SNPs
with a large horizontal pleiotropic effect. We found modest
heterogeneity in several analyses. However, heterogeneity did not
affect the reliability of our conclusion. Plots of the leave-one-out
analyses were also exhibited in Supplementary Figures. Details of the
sensitivity analyses can be found in Tables 2-5.

4. Discussion

In the present MR study, we examined the causality of PM on
CVDs and cardiovascular biomarkers. Our findings showed PM2.5
was significantly related to a higher risk of MI and revealed a
suggestive causal association between PM10 and the risk of HF and
IS, which might be explained by deleterious effects on blood
lipid levels.
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With the increasing abundance of GWAS data, many scholars
conducted MR analysis to infer causality between PM2.5 and diseases
(42,43). Zhang et al. identified 7 SNPs related to PM2.5 and conducted
two sample MR methods to conclude that PM2.5 concentrations can
increase the risk of hypothyroidism (43). Yang et al. used 85 SNPs as
genetic variants for PM2.5 and demonstrated a causal relationship
between PM2.5 and gestational diabetes mellitus (42). Our research is
the first MR Study focusing on the causal effect of PM on CVDs and
cardiovascular biomarkers. Previous analyses have shown that
exposure to PM is associated with an increased risk of MI, IS, and HF
(44). To identify whether PM2.5 contributes to a rise in the incidence
of MJ, Li et al. carried out a meta-analysis that comprised twenty-seven
cohort studies involving 6,764,987 participants and 94,540 patients
with MI. The analysis concluded that long-term exposure to PM2.5
plays a role in MI (45). A meta-analysis by Li et al., which included 27
cohort studies involving more than 6.5 million people, showed a
positive association between exposure to PM2.5 and the risk of MI
(45). Farhadi and his colleagues noted the severity of the relationship
between PM2.5 and MI in a meta-analysis of 26 studies, confirming the
notion that PM2.5 levels are a key factor in the development of MI
hospitalization (15). Studies have confirmed that air pollutants can
trigger oxidative stress and inflammation in the body through direct
entry into the blood or indirectly through particles, metals, and other
components in the substance, leading to vasoconstriction, endothelial
dysfunction, platelet hyperresponsiveness, and even autonomic
nervous system disorders, thus increasing the risk of CVDs (46-48).

A meta-analysis of 35 studies showed that exposure to PM pollution
was associated with an increased risk of hospitalization or death from
HE For every 10pug/m’® increase in exposure to PM10, the risk of
hospitalization or death from HF increased by 1.6% (49). A study of
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Exposure nSNP Cardiovascular biomarkers OR(95%CI) P value
PM2.5
14 BMI —_—— 1.219(0.883-1.682) 0.229
13 TG —_— 1.426(1.133-1.795)  2.469x1073
" HDL-C —_—— 0.779(0.615-0.986) 0.038
13 LDL-C ———— 0.913(0.721-1.154) 0.445
15 Fasting glucose —.— 0.989(0.926-1.056) 0.742
16 Fasting insulin —_—t 0.996(0.930-1.067) 0.911
16 DBP —_— 0.881(0.661-1.175) 0.390
15 SBP —_— 0.945(0.709-1.260) 0.701
PM10
4 BMI 0.658(0.313-1.379) 0.267
5 TG - 1.302(0.857-1.978) 0.216
4 HDL-C _—— 0.563(0.366-0.865)  8.756x1073
5 LDL-C 1.353(0.894-2.047) 0.153
6 Fasting glucose ——— 0.902(0.775-1.049) 0.180
6 Fasting insulin —_— 1.033(0.869-1.229) 0.709
6 DBP - 1.055(0.645-1.727) 0.831
6 SBP - 0.918(0.561-1.502) 0.732
0.0 05 1.0 15 2.0 25
FIGURE 4
Associations of PM with cardiovascular biomarkers. Cl, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism. BMI, body mass
index; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; DBP, diastolic blood pressure; SBP,
systolic blood pressure.

TABLE 2 Sensitive analyses for the Mendelian randomization analysis between PM 2.5 and cardiovascular diseases.

Outcomes @ Pleiotropy test (outliers-corrected) Heterogeneity test (outliers-corrected) Outliers
MR-PRESSO MR-Egger intercept  Cochran's Degrees of Cochran’s Q
global test p value test p value (@] freedom p value

AF 0.899 0.393 7.471 13 0.876 rs114708313 rs1537371
HF 0.135 0.752 19.542 13 0.107 151537371

MI 0.385 0.598 14.843 13 0317 1512203592 151537371
1S 0.748 0.766 11.382 14 0.656 151537371

LAS 0.127 0.095 19.266 14 0.155 151537371

NY 0.432 0.619 15.036 15 0.449 NA

cs 0.303 0.149 17.497 15 0.291 NA

AF, Atrial fibrillation; HE, Heart failure; MI, Myocardial infarction; IS, Ischemic stroke; LAS,Large artery stroke; SVS, Small vessel stroke; CS, Cardioembolic stroke.

more than 100,000 hospitalizations for HF from 26 major cities in China
analyzed the association between various air pollutants and
hospitalizations for HE. The concentration of PM10 increased by one
quartile (76.9 pg/m?), the risk of hospitalization for HF increased by 1.3%
(50). As Brook and his colleagues reported, PM has been linked with
higher systemic blood pressure and vasoconstriction (51). Exposure to
PM increases right ventricular and pulmonary diastolic filling pressures
(52). Air pollution will dramatically raise the requirements based on the
failing heart, possibly precipitating acute decompensation.

Our results concerning the potential causal relationship between
PMI10 and the risk of IS cohere with a systematic review that included 94
studies from 28 countries that reported that the short-run exposure
concentration of PM10 increased by 10 pg/m’, the risk of hospitalization
and death from stroke increased by 0.3%. On the other hand, Hossein
et al. expressed that the level of PM was immediately connected with the
number of stroke inpatients in the emergency room. Long-run changes
in PM10 also increased the risk of IS (53). Research has speculated that
increased blood pressure triggered by acute increases in pollutant
concentrations can contribute to the development of IS (54, 55).

Frontiers in Public Health

In terms of cardiovascular biomarkers, our study showed that
PM2.5 concentration increases were significantly associated with
increases in TG and decreases in HDL-C. The PM10 concentration
increases were also closely related to the decreases in
HDL-C. Information concerning the relationship between PM and
changes in lipids and lipoproteins was disputable, especially
regarding HDL-C (56-59). Multiple studies have demonstrated an
inverse relationship between high concentrations of PM exposure
and the level of HDL-C (60-62). Zhang et al. revealed that PM10 was
negatively associated with HDL-C (63). A study conducted by Wang
et al. showed that each increase in PM2.5 was associated with higher
levels of TG and lower levels of HDL-C (64). A health study
involving 33 communities concluded that per 10-pg/m3 increment
in PM2.5 was significantly associated with 1.1% (95% CI: 0.4, 1.8%)
increases in TG and 1.1% (95% CI: 0.8, 1.4%) decreases in HDL-C
(65). Consistently, a longitudinal study performed in a multiethnic
US cohort free of cardiovascular disease showed that higher
exposure to PM2.5 was associated with lower HDL particle numbers
or lower HDL-C levels (57). The precise mechanisms between PM
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TABLE 3 Sensitive analyses for the Mendelian randomization analysis between PM 10 and cardiovascular diseases.

Outcomes Pleiotropy test (outliers-corrected) Heterogeneity test (outliers-corrected) Outliers
MR-PRESSO MR-Egger intercept Cochran’'s Q Degrees of Cochran’'s Qp
global test p value test p value Freedom value
AF 0.063 0.869 11.796 5 0.038 NA
HF 0.594 0529 3.949 5 0.557 NA
MI 0.758 0.657 2711 5 0.744 NA
1S 0.374 0.147 4594 4 0332 NA
LAS 0.275 0.693 6.689 5 0.245 NA
NY 0.167 0.760 8.591 5 0.127 NA
cs 0311 0.819 6.224 5 0.285 NA

AF, Atrial fibrillation; HE, Heart failure; MI, Myocardial infarction; IS, Ischemic stroke; LAS,Large artery stroke; SVS, Small vessel stroke; CS, Cardioembolic stroke.

TABLE 4 Sensitive analyses for the Mendelian randomization analysis between PM 2.5 and cardiovascular biomarkers.

Outcomes Pleiotropy test (outliers-corrected) Heterogeneity test (outliers-corrected) Outliers
MR-PRESSO MR-Egger intercept = Cochran’s  Degrees of Cochran’s Q
global test p value test p value freedom p value

BMI 0.102 0507 19.611 13 0.086 NA
TG 0326 0.894 13.935 12 0305 NA
HDL-C 0.947 0.386 4.079 10 0.944 1572808024 151318845
LDL-C 0.018 0.111 24.691 12 0.016 NA
Fasting insulin 0.069 0.926 26.547 15 0.033 NA
Fasting glucose 0.660 0.630 12.072 14 0.601 NA
DBP 0.425 0.586 14.407 14 0.420 NA
SBP 0.928 0472 7.123 14 0.930 NA

BMI, body mass index. TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; DBP, diastolic blood pressure; SBP, systolic blood pressure.

TABLE 5 Sensitive analyses for the Mendelian randomization analysis between PM 10 and cardiovascular biomarkers.

Outcomes Pleiotropy test (outliers-corrected) Heterogeneity test (outliers-corrected) Outliers
MR-PRESSO global = MR-Egger intercept Cochran’s Q Degrees of Cochran’s Q
test p value test p value Freedom p value
BMI 0.457 0.771 3.790 3 0.285 NA
TG 0.945 0.523 0.751 4 0.945 NA
HDL-C 0.435 0.332 3.153 3 0.369 15117671171
LDL-C 0357 0.822 4.901 4 0.298 NA
Fasting insulin 0.269 0.856 6.552 5 0.256 NA
Fasting glucose 0.952 0.486 1.078 5 0.956 NA
DBP 0.858 0.597 1.986 5 0.851 NA
SBP 0.448 0.649 5.100 5 0.404 NA

BMI, body mass index. TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; DBP, diastolic blood pressure; SBP, systolic blood pressure.

exposures and lipid metabolism have not been fully determined.
Several studies have shown that exposure to air pollution can lead to
adverse lipid metabolism and lipid oxidation through systemic
inflammation and oxidative stress (66-68). Other studies suggested
that ambient air pollution might cause DNA methylation, leading to
changes in particular genes associated with lipid metabolism (69,
70). Larger and more controlled studies are needed to fully address
this issue.

Frontiers in Public Health

4.1. Limitations and strengths

The advantages of our research are as follows. Our research is the first
MR study focusing on the effect of PM on CVDs and cardiovascular
biomarkers. MR estimates can avoid the interference of confounding
factors and reveal the causal relationship between PM and CVDs more
confidently. MR estimates can avoid the interference of confounding
factors and reverse causality compared with other observational studies.
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However, this study also has some limitations. Firstly, the GWAS of
exposure failed to distinguish the time of PM pollution, so our results
cannot explain the time of exposure effect, which limited us from
conducting a further analysis. Several studies have also proposed a
difference between “long-term” and “short-term” outcomes. Short-term
exposure to air pollution is thought to cause acute CVDs events by
destabilizing susceptible plaques, although long-term exposure may
increase the risk of atherosclerosis by accelerating dyslipidemia,
hypertension, and other metabolic disturbances (71). The future GWAS
study of PM needs to distinguish the duration of exposure. Secondly,
when we selected IVs, we used a more lenient threshold (p <5x1077).
Although this may boost statistical power, the more instrumental
variables included in the study, the greater the possibility of producing
more pleiotropy. In order to eliminate horizontal pleiotropy,
we conducted MR sensitive analyses such as the MR-Egger intercept,
MR-PRESSO, and leave-one-out method. However, it is very difficult to
completely exclude directional pleiotropy because SNPs affect exposure
and outcome through unknown pathways, which has decreased the
reliability of the findings. At last, the GWAS selected in this study are
from European populations, and whether the findings of this study are
applicable to other populations remains to be determined. In particular,
there are regional differences in PM pollution, especially in some
developing countries, but Europe, the main body of this study, is mostly
developed countries. Therefore, our results could not be easily generalized
to populations in high-pollution areas. Finally, there was modest sample
overlap between the GWAS of PM and the GWAS of AE, HE MI, SBP,
and DBP, which might result in bias. Nevertheless, the F-statistic was
large enough to moderate the effect of potential bias by sample overlap
(72). Moreover, if the genetic link with PM was solely evaluated in
non-cases, this sample overlap would not result in bias.

4.2. Perspectives and future research

Several epidemiological and experimental studies have regarded all
components of PM as associated risk factors for the occurrence and
deterioration of cardiovascular disease, which is independent of other
conventional risk factors, including smoking, obesity, and diabetes. Our
findings demonstrated the different effects of PM10 and PM2.5 on CVDs
and cardiovascular biomarkers. Despite many studies suggesting that
smaller size fractions are more harmful, especially PM2.5 (73, 74), the
risks to human health posed by coarse particles like PM10 cannot
be ignored. It was reported that PM10 contained more lipopolysaccharide
(LPS) than PM2.5, which could trigger inflammation by directly
activating Toll-like receptors and induce metabolic syndromes (75-77).
Furthermore, a study conducted by Chang et al. suggested that heart rate
varijability (HRV) changes are reliant on PM10 as opposed to smaller
particles (78). It is urgent for us to conduct more research to identify the
nature of PM in all its size fractions and investigate the molecular
mechanisms underlying the effects of PM with different sizes on the
CVDs. Randomized controlled trials on this topic should be conducted
in the future, although this is highly challenging. Besides, a handful of
studies have shown that higher levels of PM impair the function of HDL
(60, 79, 80), which might affect the development of CVDs beyond possible
changes in plasma HDL-C levels. Larger and more controlled studies are
needed to investigate the mechanisms by which HDL functionality and
levels are affected by PM exposure and explore the potential efficiency of
preventative interventions like statins and antioxidant therapy. To protect
the earth together, we hope that all countries will strengthen the effective
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control of pollution sources, adopt strict law enforcement and
management measures, and pay attention to the efficient combination of
policy and scientific and technological innovation.

5. Conclusion

At the genetic level, our study provides evidence supporting the
causality of PM on CVDs and cardiovascular biomarkers. Regarding
CVDs, PM2.5 concentration increases were significantly associated
with a higher risk of MI. PM10 concentration increases were
significantly associated with a higher risk of HF and IS. In terms of
cardiovascular biomarkers, PM2.5 concentration increases were
significantly correlated with increases in TG and decreases in
HDL-C. The PM10 concentration increases were also closely
correlated with the decreases in HDL-C. The underlying
pathophysiological mechanisms need to be further studied.
Therefore, more research should be carried out to explore the
mechanism and prevention of PM exposure in CVDs to better
contribute to people’s healthy lives.
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