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Abstract. – OBJECTIVE: Air pollution is af-
fecting the health of millions of people all over 
the world. The causal correlations of PM2.5, 
PM10, and nitrogen dioxide (NOx), as the main 
fine particulate matter, and coronary heart dis-
ease (CHD) are yet to be explored. Low-density 
lipoprotein (LDL) has been a principal factor in 
the pathogenesis of CHD. It is an interesting is-
sue to consider whether LDL mediates the effect 
of air pollutants in CHD pathogenesis.

MATERIALS AND METHODS: A genome-wide 
association study (GWAS) on the European pop-
ulation, followed up from 2010 to 2018, involv-
ing over 400,000 participants, was based on a 
land-use regression model. The annual mean 
concentrations of major air pollutant particles, 
PM2.5 (n=423,796), PM10 (n=423,796), and NOx 
(n=456,380), were recorded. The large GWAS da-
tabase of CHD covered over ten million SNPs with 
independent single nucleotide polymorphisms 
(SNPs). LDL database collected major biochem-
ical blood parameters from over 400,000 patients 
(n=440,546). Taken together, we conducted inde-
pendent two-sample Mendelian randomization 
(MR) analyses for the causality between air pol-
lutants (PM2.5, PM10, and NOx) and CHD. Multi-
variate MR analysis was conducted using caus-
al relationships to determine the direct effects of 
exposure on outcome. The fixed-effect inverse 
variance weighted (IVW2) method was mainly em-
ployed to assess this relationship, with a confi-
dence interval of 95% for the odds ratio (OR). 
Also, MR-Egger, weighted median, maximum like-
lihood ratio method, and random-effects inverse 
variance-weighted (IVW1) method were adopted 
as supplementary methods.

RESULTS: Two-sample MR results based on 
the IVW2 method suggested positive correlations 
between PM2.5 and CHD [OR 1.875 (1.279-2.748), 
p=0.001], PM10 and CHD [OR 2.586 (1.479-4.523), 
p=0.001], and NOx and CHD [OR 2.991 (2.021-
4.427), p=4.37E-08]. The direct effect and medi-

ating proportion were calculated using multivari-
able Mendelian randomization (MVMR). Lastly, 
the mediating proportions of LDL in the regula-
tory roles of PM2.5, PM10, and NOx in CHD were 
2.82%, 4.73%, and 9.54%, respectively.

CONCLUSIONS: PM2.5, PM10, and NOx share 
direct causal associations with CHD, and LDL 
performs a mediating role in this pathogenic 
process. Early prevention against air pollution 
(such as increasing green areas and reducing 
large-scale industrial dust emissions) and early 
lipid-lowering treatment can effectively prevent 
the occurrence of CHD.
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Introduction

Coronary atherosclerotic heart disease is the 
dominating cause of death in the world, leading 
to approximately 0.36 million deaths in the Unit-
ed States and 1.78 million deaths in Europe an-
nually1. The well-known risk factors for coronary 
heart disease (CHD) involve smoking, obesity, age, 
gender (male), diabetes, etc. Prevention against the 
aforementioned risk factors significantly reduces 
the incidence of CHD and has a favorable prog-
nosis. In addition to traditional risk factors, recent 
studies2 have illustrated that the incidence of CHD 
may be relevant to long-term exposure to air pol-
lutants such as PM2.5, PM10, and NO2.

The air pollutants generated by solid fuel com-
bustion, such as fine particulate matter (PM2.5/
PM10) and nitrogen dioxide (NOx), augment the 
risk of obesity and cardiometabolic diseases in 
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children and adults. Long-term exposure to the 
above two air pollutants remarkably increas-
es low-density lipoprotein (LDL) levels in most 
obese and several non-obese individuals3. Ox-
idized LDL is regarded as the core pathogenic 
mechanism for CHD4. Additionally, multiple co-
hort studies and meta-analyses5 have elucidated 
that fine PM in the air environment is linked to 
the occurrence of CHD.

The pathogenic process of CHD is extremely 
complicated, and its progression is determined 
by the interaction between the environment 
and susceptible polygenic hosts. Recent ge-
nome-wide association studies6 have improved 
our understanding of the genetic basis of CHD 
and provided fundamental data for the Mende-
lian randomization (MR) method. MR explores 
the relationship between exposure and outcome, 
relying on genetic variants as instrumental vari-
ables (IVs).

The randomly assigned genetic variants 
eliminate confounding biases and reverse cau-
sality in observational studies7. Meanwhile, as 
a large-scale prospective cohort study8, the UK 
Biobank provides extensive information about 
air pollutants such as PM2.5, PM10, and NO2. 
Therefore, we sought to comprehensively eval-
uate the causality between common air pollut-
ants and CHD and further probed into the role 
of LDL in mediating the impact of air pollutants 
on CHD.

Materials and Methods

Study Design
To explore the genetic association between air 

pollutants and CHD, we conducted a two-sam-
ple MR analysis using the GWAS database with 
a large amount of data. The total effect of each 
exposure on the outcome can be categorized into 
direct effects and indirect effects. The direct ef-
fect of air pollutants on CHD could be identified 
through multivariate MR after the adjustment of 
LDL. The indirect effect mediated by LDL is also 
known as the mediating effect. Firstly, we probed 
into the impact of air pollutants on LDL. Even-
tually, after adjustment of the potential mediator 
(LDL), multivariate MR was conducted to deter-
mine the direct impact of exposure on outcomes. 
The mediating effect was assessed by subtracting 
the direct effect from the total effect. The ratio of 
the mediating effect to the total effect was calcu-
lated to determine the mediating role of LDL in 
the pathogenic process further (Figure 1).

Data Resources for MR Analysis
Tabulate statistics of fine particulates in air pol-

lution were sourced from (GWAS) UK Biobank, 
and the annual mean concentrations of PM2.5, 
PM10, NO2, and NOx were estimated using a 
land-use regression (LUR) model developed by 
the ESCAPE research team. This model uses es-
timated variables obtained from geographic in-

Figure 1. Schematic diagram of MR Hypothesis based on MR Analysis of the relationship between low-density 
lipoprotein mediating air pollutants and coronary heart disease.
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formation systems (GIS) and is linked to the resi-
dential addresses provided by participants during 
baseline access to the UK Biobank. Exposure 
data from 2010 to 2018 were measured individ-
ually. We calculated the annual mean air pollut-
ant concentrations of PM with diameters (D) ≤2.5 
(PM2.5) and D ≤10 (PM10) and nitrogen oxides 
(NO2 and NOx) and linked them to the residential 
addresses of the participants8,9. The patients with 
missing participant information, patients without 
air pollution measurement data, and patients with 
medical records of cancer or a history of cardio-
vascular diseases were excluded. The final main 
analysis (N=423,796) involved approximately 
400,000 participants.

FinnGen Biobank is a large-scale public-private 
partnership aimed at collecting and analyzing ge-
netic and health data from 500,000 participants 
in the FinnGen Biobank (https://www.finngen.fi/
en), which provides CHD GWAS tabulate statis-
tics data, including more than 10 million SNPs10. 
The CHD data in participants were analyzed.

LDL data were acquired from the IEU Open 
GWAS project, and biochemical parameters were 
collected from approximately 400,000 patients 
(Table I). The blood lipid concentrations were re-
corded, and patients with primary hyperlipidemia 
were eliminated.

We are using a public database; therefore, eth-
ics approval is not required.

Genetic IVs
To construct an effective genetic variation 

model, three assumptions required for the MR 
analysis must be met. (1) The genetic variations 
of PM2.5, PM10, and NOx are significantly cor-
related with the exposure levels of PM2.5, PM10, 
and NOx. (2) The correlations of PM2.5, PM10, 
and NOx genetic IVs with CHD are not affect-
ed by confounding factors. (3) PM2.5, PM10, 
and NOx genetic IVs only affect the incidence of 
CHD through their exposure. This study followed 

the Guidelines for Strengthening the Reporting 
of Observational Studies in Epidemiology using 
Mendelian Randomization (STROBE-MR). We 
selected applicable single nucleotide polymor-
phisms (SNPs) from the GWAS database to ex-
plore the causal relationship between exposure 
and outcomes at the genetic level. We used the R 
software package “TwoSampleMR” to select the 
corresponding SNPs (p<5E-6) for PM2.5, PM10, 
and nitrogen oxide exposures with genome-wide 
significance thresholds (Kb=5,000 and the link-
age disequilibrium r2<0.001) This approach was 
adopted to ensure that the selected SNPs are not 
in linkage disequilibrium and represent indepen-
dent genetic variants11,12. Meanwhile, factors such 
as age, gender, blood lipid, diabetes, etc., were de-
leted to limit the influence of confounding factors.

TSMR and Mediation Analysis

TSMR 
MR-Egger, weighted median, random-effects 

inverse variance-weighted (IVW1) method, max-
imum likelihood ratio method, linear weighted 
median, and fixed-effect inverse variance weight-
ed (IVW2) method were employed to determine 
the causality between air pollutants (PM2.5, 
PM10, NOx) and CHD. For the preliminary anal-
ysis, we used the IVW2 method and assumed 
that all genetic variants in the analysis were val-
id IVWs. Afterwards, a sensitivity analysis was 
conducted. Firstly, the weighted median method 
was chosen because it provides a reliable estima-
tion of causal relationships. It was assumed that 
over 50% of IVs were valid. Thirdly, we calculat-
ed the p-values derived from Cochrane’s Q and 
Q statistics to evaluate heterogeneity (p<0.05 was 
considered statistically significant). Ultimately, 
we conducted MR-Egger regression analysis to 
reveal possible horizontal pleiotropy by calculat-
ing p-values (p>0.05)13.

Table I. Details of GWAS included in Mendelian randomization analyses.

Trait	 Consortium	 No. of samples	 No. of SNPs	 Ethnicity

PM2.5	 UK Biobank	 423,796 	 44	 European
PM10	 UK Biobank	 423,796 	 23	 European
NOx	 UK Biobank	 456,380 	 40	 European
LDL	 IEU OpenGWAS project	 440, 546	 163	 European
CHD	 FinnGen Biobank	 /	 /	 European

PM2.5, particulate matter air pollution; PM10, particulate matter air pollution; NOx, nitrogen dioxide air pollution; LDL, low-
density lipoprotein; CHD, coronary heart disease.
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Mediation Analysis 
The total effect of any exposure on the outcome 

was classified into direct and indirect effects. To 
determine the indirect effect of LDL on mediat-
ing the contribution of air pollutants to CHD, the 
following formula was applied to calculate the 
percentage of potential mediating effects (medi-
ating proportion)14.

After adjusting LDL, the direct effects of air 
pollutants (such as PM2.5, PM10, NO2) on CHD 
were obtained through multivariate MR analysis. 
In this analysis, the regression coefficient β1 is the 
MR effect of air pollutants on mediators (such as 
LDL), β2 is the MR effect of the mediator (LDL) 
on CHD after adjustment of genetically deter-
mined air pollutants, and β3 represents the MR 
effect of air pollutants on CHD after adjusting the 
genetically determined potential mediator.

Sensitivity Analysis 
The “leave-one-out method” was adopted for 

sensitivity analysis to identify SNPs with more sig-
nificant correlations. In the meantime, SNPs were 
excluded one by one, and the correlations among 
all SNPs, except for that one, were evaluated.

Statistical Analysis
All data analysis was implemented using R 

Studio 4.2.1 with the “Two-Sample-MR (version 
0.5.6, Bristol, UK)”. The statistical significance 
level chosen was p<0.05.

Results

Selection of IVs
For the selection of IVs for air pollutants, we 

selected SNPs with significant genome-wide sig-
nificance (p=5e-6, r2<0.001 KB<5,000), PM2.5 
(64), PM10 (29), and NOx (84). Several SNPs 
were deleted because they were strongly linked to 
age, obesity, hyperlipidemia, diabetes, and other 
confounding factors. The following SNPs served 
as IVs: PM2.5 (44), PM10 (23), and NOx (40).

For the selection of the mediator (LDL), we se-
lected SNPs with significant genome-wide signif-
icance (p=5e-8, r2<0.001 KB<10,000) and finally 
obtained LDL (163) after excluding confounding 
factors.

Total Effect of Air Pollution on CHD
A positive correlation was identified between 

genetically determined air pollutant PM2.5 and 
increased risk of CHD [IVW2: odds ratio (OR) 
1.875 (1.279-2.745), p=0.001 (p<0.05 suggested 

statistical significance)]. There existed a positive 
correlation between PM10 and CHD risk [IVW2: 
OR 2.586 (1.479-4.523), p=0.001 (p<0.05 denot-
ed statistical significance)]; NOx was positively 
linked to an increased risk of CHD [IVW2: OR 
2.991 (2.021-4.427), p=4.37E-08 (p<0.05 showed 
statistical significance)]. The method used is pre-
sented in Figure 2. This result was consistent with 
other evaluation methods. No horizontal pleiot-
ropy was found between fine particulate matter 
(PM2.5, PM10, and NOx) and CHD, but hetero-
geneity existed (Figure 2) (Table II).

Causal Effect of LDL on CHD
We notified a positive correlation of genetically 

determined LDL with an increased risk of CHD 
[IVW2: OR 1.752 (1.632-1.882), p=1.31E-53 (p<0.05 
was considered statistically significant)], without 
heterogeneity or horizontal pleiotropy (Table II).

Causal Effect of Air Pollution on LDL
A positive association was observed between 

genetically determined air pollutant PM2.5 and 
the risk of elevated LDL [IVW2: OR 1.108 (1.045-
1.175), p=0.001 (p<0.05 denoted statistical sig-
nificance)], without horizontal pleiotropy or het-
erogeneity. Additionally, PM10 was positively 
relevant to the risk of elevated LDL [IVW2: OR 
1.151 (1.054-1.258), p=0.002 (p<0.05 was regard-
ed statistically significant)], without horizontal 
pleiotropy or heterogeneity. NOx was also posi-
tively linked to the risk of elevated LDL [IVW2: 
OR 1.093 (1.038-1.512), p=0.001 (p<0.05 signi-
fied statistical significance)], without horizontal 
pleiotropy or heterogeneity (Table II).

Mediating Effect and Proportion of LDL
In the PM2.5-LDL-CHD multivariate MR 

analysis, the direct effect of PM2.5 on CHD was 
calculated after adjusting LDL, and the mediating 
proportion of LDL was 2.82%. In the PM10-LDL-
CHD multivariate MR analysis, the direct effect 
of PM10 on CHD was calculated after adjusting 
LDL, and the mediating proportion of LDL was 
4.73%. In the NOx-LDL-CHD multivariate MR 
analysis, the direct effect of NOx on CHD was 
calculated after adjusting LDL, and the mediating 
proportion of LDL was 9.54% (Table III).

Discussion

Fine particulate matter PM2.5, PM10, and NOx 
are recognized as the main global pollutants. In 
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multiple epidemiological studies15, they are associ-
ated with the risk of cardiovascular diseases, respi-
ratory diseases, and some cancers. In aerodynamics, 
exposure to fine particulate matter with a diameter 
of less than 2.5 μm is often related to elevated in-
cidences of myocardial infarction (MI), ischemic 
encephalopathy, and arrhythmia. The most signif-
icant finding is that the risk of all-cause mortality 
is increased by 2% with every 1 mg/m3 increase in 
PM2.5 concentration16. In contrast to all-cause mor-
tality, air pollutants dominated by PM2.5 are more 
significantly associated with the morbidity and mor-
tality of cardiovascular diseases, especially CHD. A 
large prospective study17 has revealed a strong cor-
relation between maternal exposure to high PM2.5 
concentrations and the presence of CHD subtypes 
and morbidity in their offspring. Meanwhile, solid 
combustion and tobacco combustion produce a large 
amount of smoke, and the fine particles in the smoke 
are dominated by PM2.5, similar to the fine parti-
cles produced by tobacco combustion. Therefore, 
smokers and passive smokers have a higher risk of 
CHD18,19. This also confirms that smoking is one 
of the risk factors for CHD. Three types of air pol-
lutants can induce oxidative stress, autonomic dys-

function, and endothelial cell dysfunction, thereby 
accelerating the initiation of CHD20,21.

As is well known, LDL exerts a critical role 
in the onset of CHD22. The pro-atherosclerotic of 
LDL and anti-atherosclerotic effect of high-densi-
ty lipoprotein (HDL) have been reported by many 
experts23. Zebrafish is a common animal model 
for cytotoxicity tests and hyperlipidemia24. In a 
large-scale animal experiment3 on zebrafish and 
its embryos, a micro solution containing PM2.5 
was injected into the experimental subjects. It 
was observed that zebrafish died in a short pe-
riod, accompanied by developmental skeletal 
disorders. It was mainly because PM2.5 extract 
resulted in HDL degradation and LDL aggrega-
tion, inducing oxidative stress, cardiovascular 
toxicity, skin aging, and embryotoxicity. Based 
on the above experimental facts, PM2.5 is inhaled 
into the lungs through the respiratory tract and 
dissolved in the circulatory system after material 
exchange through pulmonary capillaries25. Due 
to the amphiphilic nature, PM2.5D binds to LDL 
and produces oxidized low-density lipoprotein 
(OX-LDL), accelerating the occurrence of hyper-
lipidemia and CHD26.

Figure 2. MR leave-one-out sensitivity analysis for air pollution PM2.5 on CHD.
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Table II. Association between different air pollution, LDL and coronary heart disease in Mendelian randomization analysis.

				     	 p for	 p for
				    p for	 heterogeneity	 MR-Egger 	
Exposure	 Outcome	 MR methods	 OR (95% CI)	 association	 test	 intercept

PM2.5	 CHD	 MR Egger	 1.703 (0.729-3.974)	 0.225	 0.997	 0.804
		  IVW1	 1.875 (1.279-2.748)	 0.001	 0.997	
		  Weighted median	 1.938 (1.146-3.276)	 0.014		
		  Maximum likelihood	 1.895 (1.285-2.792)	 0.001		
		  Penalized weighted median	 1.938 (1.131-3.320)	 0.016		
		  IVW2	 1.875 (1.279-2.748)	 0.001		
PM10	 CHD	 MR Egger	 4.591 (1.337-15.765)	 0.025	 0.916	 0.319
		  IVW1	 2.586 (1.479-4.523)	 0.001	 0.907	
		  Weighted median	 2.134 (1.003-4.544)	 0.049		
		  Maximum likelihood	 2.683 (1.509-4.771)	 0.001		
		  Penalized weighted median	 2.134 (0.958-4.758)	 0.064		
		  IVW2	 2.586 (1.479-4.523)	 0.001		
NOx	 CHD	 MR Egger	 0.577 (0.037-9.110)	 0.698	 3.37E-21	 0.225
		  IVW1	 2.991 (1.236-7.236)	 0.015	 3.82E-23	
		  Weighted median	 1.902 (1.145-3.158)	 0.013		
		  Maximum likelihood	 3.639 (2.328-5.689)	 1.46E-08		
		  Penalized weighted median	 1.898 (1.110-3.245)	 1.92E-02		
		  IVW2	 2.991 (2.021-4.427)	 4.37E-08		
LDL	 CHD	 MR Egger	 2.273 (1.828-2.826)	 8.25E-12	 5.51E-65	 0.002
		  IVW1	 1.752 (1.505-2.040)	 5.03E-13	 4.58E-72	
		  Weighted median	 1.982 (1.742-2.255)	 2.73E-25		
		  Maximum likelihood	 1.762 (1.639-1.895)	 5.17E-53		
		  Penalized weighted median	 1.987 (1.749-2.258)	 6.79E-26		
		  IVW2	 1.752 (1.632-1.882)	 1.31E-53		
PM2.5	 LDL	 MR Egger	 1.127 (0.962-1.320)	 0.147	 0.034	 0.821
		  IVW1	 1.108 (1.034-1.187)	 0.004	 0.041	
		  Weighted median	 1.046 (0.961-1.138)	 0.301		
		  Maximum likelihood	 1.045 (0.959-1.138)	 0.317		
		  Penalized weighted median	 1.113 (1.048-1.187)	 0.001		
		  IVW2	 1.108 (1.045-1.175)	 0.001		
PM10	 LDL	 MR Egger	 1.163 (0.943-1.435)	 0.175	 0.37	 0.917
		  IVW1	 1.151 (1.053-1.259)	 0.002	 0.433	
		  Weighted median	 1.090 (0.957-1.241)	 0.194		
		  Maximum likelihood	 1.077 (0.951-1.219)	 0.245		
		  Penalized weighted median	 1.156 (1.055-1.267)	 0.002		
		  IVW2	 1.151 (1.054-1.258)	 0.002		
NOx	 LDL	 MR Egger	 1.022 (0.880-1.186)	 0.78	 0.652	 0.347
		  IVW1	 1.093 (1.038-1.151)	 0.001	 0.655	
		  Weighted median	 1.061 (0.986-1.142)	 0.116		
		  Maximum likelihood	 1.059 (0.984-1.139)	 0.127		
		  Penalized weighted median	 1.094 (1.038-1.153)	 0.001		
		  IVW2	 1.093 (1.038-1.512)	 0.001		
LDL	 CHD	 MR Egger	 2.273 (1.828-2.826)	 8.25E-12	 5.51E-65	 0.002
		  IVW1	 1.752 (1.505-2.040)	 5.03E-13	 4.58E-72	
		  Weighted median	 1.982 (1.742-2.255)	 2.73E-25		
		  Maximum likelihood	 1.762 (1.639-1.895)	 5.17E-53		
		  Penalized weighted median	 1.987 (1.749-2.258)	 6.79E-26		
		  IVW2	 1.752 (1.632-1.882)	 1.31E-53

PM2.5, particulate matter air pollution; PM10, particulate matter air pollution; NOx, Nitrogen dioxide air pollution; LDL, Low-
density lipoprotein; CHD, Coronary heart disease, inverse variance weighted (IVW2). 

Table III. Multivariate MR analysis of the direct effect of LDL on CHD.

Exposure/Outcome	 Adjusted Factors	 nSNP	  OR (95% CI)	 p-value	 Mediation Effect (%)

PM2.5/CHD	 LDL	 148	 1.875 (1.279-2.748)	 0.001	 2.82%
PM10/CHD	 LDL	 150	 2.586 (1.479-4.523)	 0.001	 4.73%
NOx/CHD	 LDL	 147	 2.991 (2.021-4.427)	 4.37E-08	 9.54%

PM2.5, particulate matter air pollution; PM10, particulate matter air pollution; NOx, nitrogen dioxide air pollution; LDL, low-
density lipoprotein; CHD, coronary heart disease; SNPs, single nucleotide polymorphisms. 
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In the context of the aforementioned studies, 
this article conducted the most comprehensive 
MR analysis to explore the relationships among 
air pollutants (PM2.5, PM10, NOx), LDL, and 
CHD. We provided additional evidence to demon-
strate a direct relationship between exposure to 
air pollutants and the morbidity of CHD and sug-
gest a regulatory role of LDL in its progression.

Firstly, we retrieved the corresponding sample 
size from the GWAS database, eliminated con-
founding factors, and collected relevant SNPs to 
explore the actual causation between air pollut-
ants and CHD. Furthermore, the total effects of 
genetically determined PM2.5, PM10, and NOx 
on CHD were estimated with the TSMR design. 
With the results of 95% CI (1.279-2.748), 95% 
CI (1.479-4.523), and 95% CI (2.021-4.427), we 
demonstrated a direct causation between three 
types of air pollutants and the incidence of CHD. 
We also adopted IVW2 for preliminary analysis 
and then performed MR-Egger regression analy-
sis to assess the potential horizontal pleiotropy of 
IVs, as the presence of horizontal pleiotropy can 
affect the value of the analysis results. Fortunately, 
horizontal pleiotropy was not found in our analy-
sis. Secondly, the causation between LDL and 
CHD was evaluated using TSMR, and a value of 
95% CI (1.632-1.882) validated a direct causation 
between LDL and CHD. The success of the anal-
ysis with the two samples laid a solid foundation 
for future research. After investigating the direct 
causal correlations between air pollutants and 
LDL, we found 95% CI values of (1.045-1.175), 
(1.054-1.258), and (1.038-1.512). Multivariable 
Mendelian randomization (MVMR) was utilized 
to calculate the direct effects more accurately 
and estimate the mediating proportion. The final 
results showed that the mediating proportion of 
LDL was 2.82%, 4.73%, and 9.54%, respectively, 
in the effect of PM2.5, PM10, and NOx on CHD.

LDL is the main carrier of cholesterol. Upon en-
dothelial cell damage, LDL is accumulated in the 
arterial intima, which stimulates the expression of 
endothelial cell adhesion factors and chemokines, 
evoking the migration of monocytes to the dam-
aged region and their differentiation into macro-
phages. Macrophages phagocytose cholesterol, 
eventually forming the characteristic foam cells 
for atherosclerosis (AS) after daily accumula-
tion16,27. Atherosclerosis (AS), as the pathological 
basis, leads to clinical CHD when 50% of the lu-
men is blocked by atherosclerotic plaques28. Most 
studies29 are limited to the impact of short-term 
exposure to air pollutants on the hospitalization 

rate of CHD. Short-term high exposure increases 
hospitalization rates, and our MR study also sup-
ported the aforementioned findings and improved 
relevant studies at the genetic level.

Air pollutants induce the aggregation of OX-
LDL and increase the concentration of LDL 
in the blood circulation, leading to the initia-
tion of AS. They can also invade through the 
blood-brain barrier and seem to have the same 
pathogenic effect on ischemic stroke28. Howev-
er, further research is still required. Long-term 
exposure to air pollutants, especially PM2.5, 
can affect ventricular repolarization, leading 
to ST-segment elevation in electrocardiograms 
and posing a threat to cardiovascular health30. 
Therefore, long-term air quality interventions, 
such as green areas and the application of pro-
tective masks, can improve physical condi-
tions31. It is quite indispensable to reduce defor-
estation in developing countries and ameliorate 
large-scale industrial pollution emissions32. 
When the antioxidant capacity is low, supple-
mentation with dietary vitamins or dietary 
fiber-rich foods (such as green vegetables, cu-
cumbers, and tomatoes) can effectively reduce 
the susceptibility to air pollutants, thereby at-
tenuating the impact of external injuries17. Air 
temperature and humidity also have an impact 
on air quality. However, it is difficult to arti-
ficially adjust them, and there are significant 
regional differences. The specific control meth-
ods need to be investigated.

Our study has several advantages: (1) The data 
statistics for exposure and outcome were obtained 
from the largest GWAS database, and there was 
no overlapping sample size in the data selection. 
(2) Strict screening criteria for IVs enhanced sta-
tistics. (3) We excluded SNPs with confounding 
factors and performed sensitivity analysis with 
multiple methods, enhancing the reliability of the 
experiment.

There are also several limitations in this study: 
(1) The data in the GWAS database are most-
ly sourced from European populations, and ex-
perimental data from non-European individuals 
should be supplemented. (2) Due to the lack of 
stratification effects such as age and gender in the 
database, there exists certain heterogeneity. (3) 
There are multiple subtypes of CHD, and further 
research is demanded to determine whether the 
results of each subtype are consistent. The explo-
ration of mediators is limited, and there are many 
types of lipids, which still need to be improved in 
the future.
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Conclusions

This study indicates that LDL mediates the im-
pact of air pollution on the incidence of CHD, and 
genetically related air pollutants (PM2.5, PM10, 
NOx) are positively linked to an increased risk of 
LDL. Daily protection against air pollution, di-
etary management, and lipid-lowering treatment 
for patients with hyperlipidemia are essential.
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