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Abstract

The increasing number of motor vehicles due to economic and urbanization development has raised concerns
about the impact of traffic-related air pollution on human health. Research on the impact of traffic-related pollution
on populations, particularly in individuals with liver cirrhosis, is currently lacking. In this study, we utilized data from
compensated cirrhosis patients at the Second People’'s Hospital in Tianjin, China, to investigate the effects of
traffic-related air pollution exposure on liver function-related blood indicators. A multiple linear regression model
was applied to analyze the exposure to six air pollutants as well as the proximity of patients’ residential (or work)
addresses to traffic arteries (main roads, secondary roads, highways). The results indicated a significant correlation
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between traffic-related air pollution and certain levels of liver function. Specifically, PM,; exposure was positively
correlated with prothrombin time [PT, P < 0.05, 95%CI = (0.119, 0.424)] and international normalized ratio [INR,
P < 0.05, 95%CI = (0.003, 0.041)]; SO, exposure was positively correlated with cholesterol [CHO, P < 0.05,
95%Cl = (0.126, 0.947)]; CO exposure was positively correlated with cholinesterase [CHE, P < 0.05, 95%CI =
(15,276.644, 55,907.446)], triglyceride [TG, P < 0.05, 95%CI = (0.741, 7.215)1, and hemoglobin [Hb, P < 0.05,
95%Cl = (26.211, 305.697)]; O, exposure was positively correlated with creatine kinase [CK, P < 0.05, 95%Cl =
(0.012, 0.126)]1, CHO [P < 0.05, 95%CI = (0.008, 0.248)], and INR [P < 0.05, 95%CI = (0.001, 0.02)]; the
distance to main roads was negatively correlated with aspartate aminotransferase [AST, P < 0.05, 95%CI =
(-0.041, -0.001)], gamma-glutamyl transferase [GGT, P < 0.05, 95%CI = (-0.041, -0.001)], and serum ferritin [SF,
P < 0.05,95%Cl = (-0.348, -0.062)]; and the distance to secondary roads was negatively correlated with PT [P <
0.05, 95%Cl = (-0.007, -0.001)]. High-intensity traffic-related air pollution was found to have a negative influence
on liver function, potentially causing liver damage. This research provides evidence of the detrimental effects of
traffic-related air pollution on the liver.

Keywords: Traffic-related air pollution, liver function, blood index, compensated cirrhosis, distance from roads

INTRODUCTION

As people become increasingly concerned about health issues, air pollution as a significant factor in causing
diseases has garnered growing public attention". According to the report from the World Health
Organization (WHO) Global Air Quality Guidelines (AQGs), as of 2019, 99% of the global population
resides in areas that fail to meet the AQGs set by the WHO". According to the China Ecological
Environment Status Bulletin for 2022, released by the Ministry of Ecology and Environment, only 62.8% of
urban environmental air quality in 339 prefecture-level and above cities across the nation meets the
standards. Air pollution exerts a significant adverse impact on public health. It is estimated that in 2019,
environmental air pollution led to 4.2 million premature deaths globally, emerging as the fourth leading
cause of premature mortality”. Data from the Global Burden of Disease (GBD) show that in 2021, air
pollution is a major secondary risk factor for causing disability-adjusted life years (DALYs) among all
environmental and occupational risks, resulting in 236 million DALYs and 8.08 million death cases'.

Traffic-related air pollution is one of the main sources of air pollution globally”. It encompasses a complex
mixture of various gases and particulate matter (PM), including nitrogen oxides (NO,), elemental carbon
(EC), carbon monoxide (CO), hydrocarbons (HC), and PM. These pollutants are typically emitted directly
from vehicle exhausts but can also originate from non-exhaust sources such as fuel evaporation, dust
resuspension, brake and tire wear, and road surface abrasion*”. As rapid socio-economic development and
urbanization continue, urban transportation networks are expanding, leading to the growing demand for
motor vehicles. Statistics show that between 2009 and 2018, the number of motor vehicles nationwide rose
from 170 to 327 million, with an average annual growth rate of 7.5%. Among these motor vehicles, cars are
the primary source of air pollution, accounting for over 90% of total emissions of CO, HC, NO,, and PM.
Despite efforts on regulations as well as technological advancements in motor vehicles, emissions from
traffic sources exhibit an overall downward trend but remain at relatively high levels.

Exposure to air pollution has a significant detrimental impact on health, particularly regarding blood
biomarkers. Epidemiological studies indicate a strong association between air pollution and the risk of
developing cardiovascular diseases®, respiratory conditions"”, neurological disorders""'?, and metabolic
dysfunctions™. Notably, research has shown that air pollution exposure can significantly affect liver
function-related blood markers. For instance, Markevych et al. established a significant correlation between
gamma-glutamyl transferase (GGT) levels and PM,, exposure, with GGT serving as a marker of oxidative
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stress™*. Qiu et al. discovered positive associations between exposure levels of PM, ., PM,, nitrogen dioxide
(NO,), sulfur dioxide (SO,), CO, and ozone (O,) and alanine aminotransferase (ALT). Specifically, PM,,
exposure was positively correlated with aspartate aminotransferase (AST), while CO and O, exposure
exhibited a negative correlation with AST". Furthermore, Kim et al. identified a significant relationship
between exposure to air pollutants and the logarithmic increase in ALT and AST levels, particularly noting
that long-term exposure to PM,, and CO is a risk factor for elevated liver function in alcoholic adults".
Their analysis of panel data from Korean individuals aged 60 and above revealed a close association between
short-term exposure to air pollutants (including PM, ., NO,, and O,) and elevated liver enzyme levels"”.
Additionally, Tan et al. observed a significant increase in albumin, blood urea nitrogen (BUN), and
creatinine levels among traffic police personnel with long-term exposure to traffic pollution"”. These
studies indicate that prolonged exposure to air pollutants leads to a significant increase in blood markers
associated with liver function, which indirectly highlights the potential risk of air pollution causing
abnormal liver function and even liver diseases.

Numerous toxicological studies have also confirmed that air pollution has significant adverse effects on
health. Inhaled PM can penetrate deep into the lungs and enter the circulatory system, where it disperses
into distant organs such as the heart, spleen, and liver"”, potentially triggering systemic oxidative stress and
inflammatory responses™. Studies have identified a significant correlation between air pollution and the
incidence of metabolic syndrome!
PM, . exposure. This exposure can lead to abnormalities in lipid metabolism, inflammatory responses, and
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|, with the liver, a crucial metabolic organ, being directly affected by
insulin resistance”***
cirrhosis, and even liver cance
system, particularly the liver, posing an increasingly severe threat to public health.

|, ultimately increasing the risk of metabolic-related diseases such as fatty liver, liver
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| Therefore, air pollution exacerbates the disease burden on the metabolic

At present, efforts are being made to reveal the complex mechanisms of air pollution-induced liver injury.
Mouse experiments have shown that prolonged exposure to PM,, for over 10 weeks can lead to fatty liver,
inflammation, and fibrosis, and impair the liver’s glucose metabolism™. Inhaling PM,, can also trigger
endoplasmic reticulum stress in lung and liver tissues, activate the unfolded protein response, and
subsequently affect the function of the RAW264.7 macrophage cell line™'. Moreover, Dybdahl et al. found
that mice exposed to diesel engine exhaust particles experience oxidative stress, DNA damage, and
apoptosis of liver cells®”. Summarizing the known mechanisms of liver damage caused by air pollution, it
can be broadly described as: air pollutants induce liver cell damage, liver oxidative stress, and inflammatory
reactions, which, over time, can ultimately lead to liver pathology.

Current research highlights the potential adverse effects of air pollution on liver function and underscores
the necessity for further studies and public health interventions to mitigate these risks. However, much of
the existing literature focuses primarily on general air pollution, lacking in-depth exploration of the impacts
associated with specific sources, such as traffic-related emissions. Additionally, epidemiological studies have
predominantly targeted relatively healthy populations, leaving a significant gap in understanding how air
pollution affects individuals with pre-existing liver conditions. Addressing this research gap is essential for a
comprehensive understanding of the effects of air pollution across various health profiles.

In this study, we utilized data from a subset of compensated cirrhosis patients at the Second People’s
Hospital in Tianjin, and employed a multiple linear regression model to assess the impact of exposure to
various air pollutants, including PM (PM,,, PM,,), SO,, NO,, CO, and O,, as well as the proximity of
patients’ residential or work addresses to traffic arteries (main roads, secondary roads, highways), on liver
function-related blood indicators. This research can provide a basis for a comprehensive evaluation of the
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health risks posed by traffic-related air pollution.

EXPERIMENTAL

Study population and study design

This study was a retrospective cohort study. The subjects of this study were patients with decompensated
cirrhosis who were treated in Tianjin Second People’s Hospital from November 2, 2015, to December 31,
2016, and received a three-year follow-up survey before December 31, 2019.

The specific inclusion criteria were as follows: (1) Age of 18-75 years old; (2) Patients with cirrhosis
diagnosed before the cohort study according to histological and/or clinical diagnosis (clinical diagnosis of
irregular liver morphology, nodular appearance, and abnormal liver function on ultrasound, CT, or MRI).
Other imaging findings include hepatomegaly, splenomegaly, and portal hypertension. Patients with post-
hepatitis B cirrhosis receiving standardized antiviral therapy; Patients with post-hepatitis C cirrhosis who
achieved sustained virologic response to DAA antiviral therapy; (3) Patients without primary or metastatic
liver cancer and no history of decompensated cirrhosis (variceal bleeding, ascites, hepatic encephalopathy);
(4) Complete 3-year follow-up; (5) Relevant indicators tested during follow-up, including complete blood
routine, coagulation function, liver function, blood glucose, abdominal ultrasound, CT or MRI, LSM,
electronic endoscopy, and endoscopic ultrasonography; (6) No relevant treatment affecting blood indicators
during follow-up, such as prophylactic treatment for esophageal and gastric varices, including: Endoscopic
treatment (endoscopic ligation or endoscopic sclerotherapy), oral non-selective p-blockers, interventional
radiation therapy (TIPS, balloon retrograde transvenous occlusion), or surgical treatment (splenectomy and
shunt surgery). This study has been approved by the Ethics Committee of Second People’s Hospital of
Tianjin ([2015]15).

After screening, a total of 38 patients were eligible. Baseline clinical data were collected, including age, sex,
weight, height, alcohol consumption, smoking status, and personal and family history.

We organized a PICOT table related to this study to display the specific design of the research, as shown in
Table 1.

Blood collection and measurement of liver function and other blood parameters

Blood parameters for each patient were measured during their final follow-up visit. The blood parameters
determined in this study included liver function-related indicators [AST (U/L), ALT (U/L), cholinesterase
(CHE, U/L), GGT (U/L)], and other relevant blood parameters [creatine kinase (CK, U/L), BUN (mmol/L),
cholesterol (CHO, mmol/L), triglyceride (TG, mmol/L), prothrombin time (PT, s), international normalized
ratio (INR), serum ferritin (SF, pg/L), hemoglobin (Hb, g/L), and platelets (PLT, /L)]. Blood samples were
collected in the morning to avoid variations due to time fluctuations throughout the day. After
centrifugation of the blood samples (2,000 rpm, 15 min), all blood parameters were analyzed in the hospital
clinical laboratory using a biochemical analyzer and commercial assay Kkits, strictly following the laboratory
requirements and the instructions of the assay kit manufacturer.

Assessment of air pollution exposure and traffic exposure

The data on the concentration of 6 pollutants from 23 monitoring sites (including national and municipal
monitoring sites) in Tianjin from 2015 to 2020 were obtained from the Tianjin Ecological Environment
Bureau. With a relatively sufficient number of monitoring sites, balanced distribution, and comprehensive
spatial coverage, this study utilized a proximity model to assess patients’ levels of exposure to air pollutants.
The proximity model estimates the exposure levels of study subjects based on the distance between air
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Table 1. The PICOT table of this study

P (population) Patients with decompensated cirrhosis who were treated at Tianjin Second People's Hospital from November 2, 2015,
to December 31, 2016, and received a three-year follow-up survey before December 31, 2019

1 (intervention/exposure) The exposure of patients to traffic-related air pollution during the follow-up period

C (comparison) This study did not set up a control group. As it is a retrospective cohort study, the main objective is to describe and
analyze the health outcomes of patients with decompensated cirrhosis during the follow-up period, with a focus on
comparing changes between the patients’ baseline data and subsequent observational data

O (outcome) The outcome indicators of the study include several liver function-related blood parameters (such as ALT, AST, GGT,
etc.) and other relevant blood parameters (such as CK, PLT, etc.). These indicators can reflect the liver health status
of the patients and the changes during the follow-up period

T (type of study) This study is a retrospective cohort study that primarily analyzes and evaluates past case data. The time frame of the
study design spans from the start date of treatment for the patients to the end of the follow-up period

ALT: Alanine aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyl transferase; CK: creatine kinase; PLT: platelets.

pollution sources and the study objects, with the patients’ addresses corresponding to the nearest national
monitoring points to calculate their annual average exposure levels to air pollutants. Missing values were
filled and assigned using the average values of air pollutants from the two nearest days, with missing values
accounting for 4.1% of the air pollution data.

The assessment of traffic exposure primarily involved using maps to calculate the distance between the
patients’ residential (or work) addresses and the main roads, secondary roads, and highways. In this study,
the assessment of air pollution exposure and the intensity of traffic exposure was illustrated in Figure 1,
where the gray area represented Tianjin, the blue dots represented patient addresses, the red triangles
marked the locations of national monitoring points, and the dark lines represented traffic arteries.

Statistical analysis

In this study, the Chi-square test was used to assess the strength of the correlations among variables in the
patient survey information, which is useful for subsequent regression model establishment and variable
selection. Since some individual variables had small expected values, the Chi-square test was deemed
inaccurate, and hence, the Fisher exact test was used instead to understand the relationships between the
variables. The Chi-square test is commonly used to analyze the relationships between unordered categorical
variables and can also be applied to the analysis of binary variables. However, this test can only analyze
statistical significance and cannot reflect the strength of the relationship. The Fisher exact test, on the other
hand, is often used to analyze the relationship between two binary variables and is more suitable for
analyzing data with small sample sizes. Like the Chi-square test, it can only analyze statistical significance
and cannot reflect the strength of the relationship.

We employed a multiple linear regression model to analyze the correlation between liver function, other
blood indicators, and levels of traffic-related air pollution exposure. The stepwise regression method was
used to select the model with the smallest Akaike information criterion (AIC) value. In cases where
independent variables were highly correlated in the stepwise regression analysis model, they were
sequentially removed until a final model was selected with the lowest AIC value and no correlation between
variables. Additionally, the model was adjusted for potential confounding factors such as gender, body mass
index (BMI), alcohol consumption, smoking, hypertension, coronary heart disease, diabetes, and fatty liver.
The model establishment and analysis were conducted using R version 3.6.1, with a two-tailed P-value <
0.05 considered statistically significant.
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Figure 1. The geographical location of patients and the location of the national control site were distributed.

Since the dependent variables following a normal distribution are more conducive to model establishment
and analysis, the Shapiro-Wilk test was performed to determine if the liver function and other blood
indicators, including CHE, CHO, Hb, and PLT, followed a normal distribution. For indicators that did not
follow a normal distribution, a logarithmic transformation was applied, followed by a normality test. If
normal distribution was still not achieved, the original data were used for analysis. In the analysis of liver
function indicators, logarithmic transformations were applied to ALT, CK, BUN, and TG for analysis.

RESULTS

Air pollution and traffic exposure situation

The measured air pollution exposure levels in the study refer to the annual average concentrations of air
pollutants for patients in the year prior to undergoing liver function tests. Table 2 displayed the annual
average pollutant concentration data for patients’ liver function exposure. The annual average concentration
of pollutants was calculated as the average of daily concentrations throughout the year, while the daily
concentration was the arithmetic average of data from all monitoring sites on a given day. The data
collection integrity and consistency at the monitoring sites comply with national environmental air quality
monitoring standards, with O, concentrations calculated as the daily maximum 8-hour average and other
pollutants calculated as the 24-hour averages. During the study period, the annual average pollution levels
of PM,, and PM,, to which patients were exposed were significantly higher than the secondary
concentration limits stipulated in the Environmental Air Quality Standards (GB 3095-2012), whereas the
annual average pollution levels of NO, exceeded the secondary standards. The annual average concentration
of SO, did not exceed the secondary standard. Furthermore, since there are no specified annual average
standards for CO and O,, CO used the secondary standard limit for the 24-hour average concentration as a
reference, while O, referred to the secondary standard limit for the daily maximum 8-hour average
concentration. The comparison revealed that both CO and O, did not exceed the secondary standard limits.
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Table 2. Descriptive statistics of patient's annual average exposure to air pollutants

Air pollutant Minimum Median Maximum Mean Ambient air quality standards

(secondary standards)
PM,; (ng/m>) 57.542 75.563 88.29 74.088 35
PMy, (ug/m>) 104.53 114.53 122.834 14.497 70
SO, (ug/m’) 15.748 20.244 25.645 20.488 60
NO, (ug/m*) 46.997 53.657 56.233 52.826 40
CO (mg/m”) 1242 152 1.634 1.486 4
0, (ng/m’) 45.885 58.038 67.808 58.001 160°

*The secondary standard limit for the 24-hour average concentration. ®The secondary standard limit for the daily maximum 8-hour average
concentration.

Table 3. Descriptive statistics of patients’ traffic exposure intensity

Traffic exposure Minimum Median Maximum Mean
Distance from the secondary road (m) 7 86 837 121.526
Distance from the main road (m) 23 452 1,600 451.237
Distance from the highway (km) 0.53 4.8 8.4 4747

In the statistical analysis of traffic exposure, the preference was to use patients’ home addresses for data
collection; in cases where home addresses are unavailable, work addresses were used as a substitute. The
traffic exposure intensity for 16 patients was calculated based on their work addresses. The assessment of
traffic exposure intensity primarily relied on the distance between patients’ home addresses (or work
addresses) and main roads, secondary roads, and highways. Table 3 provided a comprehensive description
of the patients’ traffic exposure intensity levels.

Descriptive analysis of patient characteristics

The statistical description of 39 cirrhotic patients who were followed up at Tianjin Second People’s Hospital
from 2015 to 2020 was shown in Table 4. After excluding patients with missing home addresses (work
addresses), survey information, follow-up period, and liver function data, 38 patients with good liver
function were finally selected for the study. Among these patients, there were an equal number of male and
female patients; the majority of patients had a BMI value between 18-30 (86.9%); most patients did not
drink alcohol (68.4%), did not smoke (68.4%), and had no history of hypertension (84.2%), no history of
coronary heart disease (94.7%), no history of diabetes (68.4%), and no fatty liver (84.2%).

Table 5 presented the basic characteristics of blood indicators related to liver cirrhosis patients in this study;
some patients had missing data for certain indicators. After excluding extreme values of maximum and
minimum in each group, it was observed from the mean values that the levels of GGT, PT, and SF in
patients were significantly elevated, which was associated with the compensation period of liver cirrhosis.
When cirrhosis occurs, liver function is impaired, resulting in elevated levels of GGT in the blood.
Furthermore, liver dysfunction caused by liver cirrhosis may affect the synthesis and metabolism of ferritin
and coagulation factors, potentially leading to increased SF levels and prolonged coagulation time.

The results of the y* test or Fisher’s exact test [Table 6] indicated a strong correlation among the three
independent variables of gender, alcohol consumption, and smoking. This was attributed to the higher
proportion of males among patients with a history of smoking and alcohol consumption, with the majority
having both a history of smoking and alcohol consumption.
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Table 4. Patient information collection
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Characteristics Value

Gender Male 19 (50.0%)

Female 19 (50.0%)
BMI <18 1(2.6%)

18-25 19 (50.0%)

15-30 14 (36.9%)

<30 4 (10.5%)
Drinking Yes 12 (31.6%)

No 26 (68.4%)
Smoking Yes 12 (31.6%)

No 26 (68.4%)
Hypertension Yes 6 (15.8%)

No 32(84.2%)
CHD Yes 2 (53%)

No 36 (94.7%)
Diabetes mellitus Yes 12 (31.6%)

No 26 (68.4%)
Fatty liver Yes 6 (15.8%)

No 32(84.2%)
BMI: Body mass index; CHD: coronary heart disease.
Table 5. Liver function-related blood indexes of patients
Blood index Sample size Minimum Median Maximum Mean
ALT (U/L) 38 9 23 107 27.816
AST (U/L) 38 12 215 92 28316
CHE (U/L) 23 2,343 7,142 1,543 77
GGT (U/L) 38 13 30 375 52.579
CK(U/L) 27 32 68 193 74.963
BUN (mmol/L) 30 2.6 4.65 n7z 513
CHO (mmol/L) 26 2.49 4.355 7.1 4.387
TG (mmol/L) 26 0.56 1.05 216 1.216
PT (s) 20 124 13.4 20.8 14.025
INR 20 0.92 1.035 1.78 1.089
SF (ug/L) 17 47 83 1,225 227.588
Hb (g/L) 27 108 142 175 141.926
PLT (% 109/L) 27 33 n4 306 122.037

ALT: Alanine aminotransferase; AST: aspartate aminotransferase; CHE: cholinesterase; GGT: gamma-glutamyl transferase; CK: creatine kinase;
BUN: blood urea nitrogen; CHO: cholesterol; TG: triglyceride; PT: prothrombin time; INR: international normalized ratio; SF: serum ferritin; Hb:

hemoglobin; PLT: platelets.

Analysis of the correlation between exposure to traffic-related air pollution and liver function

indicators

In the adjusted multiple linear regression model, the changes in certain liver function indicators of patients

with liver cirrhosis were associated with exposure to traffic-related air pollution [Table 7]. In the model for
CHE, the levels of CHE in patients were related to air pollutants NO, and CO. The exposure concentration
of NO, was negatively correlated with CHE [P < 0.05, 95%CI = (-1,295.811, -45.806)], with a decrease of
670.809 in CHE for every 1 pg/m’® increase in NO, concentration, while the exposure concentration of CO
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Table 6. Results of the correlation test for patient information variables

Characteristics Gender BMI Drinking Smoking HTN CHD DM Fatty liver
Gender 1.000 0.320 <0.001 0.002 >0.999 >0.999 0.295 >0.999
BMI 1.000 0.459 0.682 0.327 0.061 0.138 0.232
Drinking 1.000 <0.001 0.357 >0.999 0.139 0.643
Smoking 1.000 0.357 >0.999 0.139 0.643

HTN 1.000 >0.999 0.643 >0.999
CHD 1.000 >0.999 >0.999
DM 1.000 0.357

Fatty liver 1.000

'P<0.05. BMI: Body mass index; HTN: hypertension; CHD: coronary heart disease; DM: diabetes mellitus.

Table 7. Regression analysis results of traffic-related air pollution and liver function-related blood indicators

B (95%CI)

ALT

AST

CHE

GGT

PM, ;5 (ng/ m’)
PM,, (ng/m>)
SO, (ug/m*)
NO, (ng/m’)
€O (mg/m°)
0, (ng/m>)

Distance from the
secondary road (m)

Distance from the
main road (m)

Distance from the

-2.21(-4.64,0.22)
0.62 (-1.18, 2.42)
3.50(-1.87, 8.86)

0.36 (-3.24,3.95)
-34.93 (-162.62,92.76)
1.25(-0.42,2.91)

0.00 (-0.04, 0.04)

0.01(-0.01,0.04)

-0.12 (-2.73, 2.50)

-1.51(-3.70, 0.68)
0.55(-1.14, 2.24)
0.21(-4.40, 4.83)
1.65 (-1.70, 5.00)
2.63(-132.68,137.94)
-0.49 (-1.92,0.94)
-0.00 (-0.04, 0.03)

-0.02 (-0.04, -0.01)'

0.76 (-1.58,3.09)

-317.53 (-740.01,104.96)
-89.74 (-477.48, 298.00)
-585.19 (-1,614.97, 444.60)
-670.81(-1,295.81, -45.81)

35,592.05 (15,276.64, 55,907.45)

-236.75 (-491.86, 18.36)
8.37 (3.78,12.96)

-1.89 (-5.17,1.39)

52.26 (-314.234, 418.744)

-5.80(-14.87,3.27)

1.77 (-4.75, 8.28)

3.60 (-15.18, 22.39)

1.67 (-11.54,14.87)
-40.42 (-590.16, 509.33)
0.16 (-5.40, 5.72)
-0.01(-0.13,0.12)

-0.08 (-0.15, -0.01)’

-0.41(-9.01, 8.20)

highway (km)

'P<0.05. ALT: Alanine aminotransferase; AST: aspartate aminotransferase; CHE: cholinesterase; GGT: gamma-glutamyl transferase.

was positively correlated with CHE [P < 0.05, 95%CI = (15,276.644, 55,907.446)], with an increase of
35,592.045 in CHE levels for every 1 mg/m? increase in CO concentration. In the models for ALT, AST, and
GGT, there was no statistically significant correlation between the changes in liver function indicators and
the concentration of traffic-related pollutants.

Table 7 showed that certain liver function indicators of patients with liver cirrhosis were associated with
exposure to traffic pollution. The 95%ClI is a statistic used to estimate the parameter p. It indicates that when
conducting a large number of independent identical experiments, we can be 95% confident that the true
regression coefficient falls within this range. Furthermore, a narrower confidence interval signifies a higher
precision of our estimate. In the AST model, the distance to main roads was negatively correlated with AST
[P < 0.05, 95%CI = (-0.041, -0.001)], with a decrease of 0.021 in AST for every 1-meter increase in distance
to main roads. For GGT, the distance to main roads was negatively correlated with GGT levels [P < 0.05,
95%CI = (-0.041, -0.001)], with a decrease of 0.078 in GGT for every 1-meter increase in distance to main
roads. In the case of CHE, the distance to secondary roads was positively correlated with CHE [P < 0.05,
95%CI = (3.78, 12.959)], with an increase of 8.369 in CHE for every 1-meter increase in distance to
secondary roads. However, for ALT, no clear correlation was observed between the degree of traffic
exposure (distance to secondary roads, main roads, and highways) and changes in ALT levels.

Analysis of the correlation between exposure to traffic-related air pollution and other blood
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indicators

After adjusting for relevant variable factors in the multiple linear models, certain blood indicators of
patients with liver cirrhosis showed significant associations with the concentrations of traffic-related
pollutants [Table 8]. Specifically, PM,,, CO, and O, had a greater impact on blood indicators, while PM, ,

NO,, and SO, also affect certain indicators. The exposure concentration of PM,, was positively correlated
with PT and INR. For every 1 pg/m’ increase in PM, , concentration, PT increased by 0.271 [P < 0.05, 95%CI
=(0.119, 0.424)], and INR increases by 0.022 [P < 0.05, 95%CI = (0.003, 0.041)]. The exposure concentration
of PM,, was negatively correlated with CK, INR, Hb, and PLT. With a 1 pg/m’ increase in PM,,
concentration, log(CK) decreased by 0.088 [P < 0.05, 95%CI = (-0.171, -0.006)], INR decreased by 0.029 [P <
0.05, 95%CI = (-0.054, -0.003)], Hb decreased by 2.257 [P < 0.05, 95%CI = (-4.011, -0.503)], and PLT
decreased by 16.245 [P < 0.05, 95%CI = (-31.294, -1.195)]. The exposure concentration of SO, was positively
correlated with CHO. A 1 pg/m® increase in SO, concentration resulted in a CHO increase of 0.537 [P <
0.05, 95%CI = (0.126, 0.947)]. The exposure concentration of NO, was negatively correlated with TG. With a
1 pg/m’ increase in NO, concentration, log(TG) levels decreased by 0.108 [P < 0.05, 95%CI = (-0.189,
-0.026)]. The exposure level of CO was negatively correlated with BUN and positively correlated with TG
and Hb. For every 1 mg/m’ increase in CO concentration, log(BUN) decreased by 2.283 [P < 0.05, 95%CI =
(-4.44, -0.127)], 1og(TG) levels increased by 3.978 [P < 0.05, 95%CI = (0.741, 7.215)], and Hb increased by
165.954 [P < 0.05, 95%CI = (26.211, 305.697)]. The exposure level of O, was positively correlated with CK,
CHO, and INR. For every 1 pg/m’ increase in O, concentration, log(CK) increased by 0.069 [P < 0.05,
95%CI = (0.012, 0.126)], CHO increased by 0.128 [P < 0.05, 95%CI = (0.008, 0.248)], and INR increased by
0.01 [P < 0.05, 95%CI = (0.001, 0.02)].

There was a certain association between other blood indicators of patients with liver cirrhosis and the level
of traffic exposure. The distance to the secondary road was positively correlated with log(TG) and negatively
correlated with PT levels. For every 1-meter increase in distance to the secondary road, log(TG) increased
by 0.001 [P < 0.05, 95%CI = (0, 0.002)], and PT decreases by 0.004 [P < 0.05, 95%CI = (-0.007, -0.001)]. The
distance to the main road was positively correlated with CHO, PT, and INR, and negatively correlated with
SE. For every 1-meter increase in distance to the main road, CHO increased by 0.002 [P < 0.05, 95%CI = (0,
0.003)], PT increases by 0.001 [P < 0.05, 95%CI = (0, 0.00)], and SF decreases by 0.205 [P < 0.05, 95%CI =
(-0.348, -0.062)]. The distance to the highway was positively correlated with PT. For every 1-kilometer
increase in distance to the highway, PT increased by 0.243 [P < 0.05, 95%CI = (0.102, 0.384)].

DISCUSSION

Liver injury assessments typically include measuring ALT, AST, and GGT levels, with ALT and AST being
the most commonly used biomarkers for liver injury in clinical diagnosis and research”’. Within the
spectrum of liver enzymes, ALT is predominantly expressed in the cytoplasm of liver cells, exhibiting strong
hepatic tissue specificity. Thus, elevated ALT activity reflects the extent of liver cell damage. In contrast,
AST is also expressed in tissues outside the liver, resulting in a lower specificity for liver cell injury
Previous studies have shown that ALT is primarily associated with hepatic lipid changes"”, while AST is

[32]

more closely related to liver inflammation”*. Multiple cohort studies conducted both domestically and
internationally have found a close association between liver enzymes and air pollution related to traffic. For
instance, a cohort study evaluating liver toxicity risk among police department employees exposed to urban
pollution found significantly increased levels of ALT and AST in the exposed group’s serum™. In a
prospective cohort study in Taiwan, long-term exposure to PM,, was dose-dependently correlated with
serum ALT levels and positively associated with subsequent risk of liver cancer during long-term follow-

[36]

up®.
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Table 8. Results of regression analysis of traffic-related air pollution and other blood indicators

B (95%CI)

CK BUN CHO TG PT INR SF Hb PLT

PM, ("g/mB) -0.02 (-0.13, -0.011 (-0.06, -0.01(-0.21,0.19) -0.02 (-0.07, 0.27 (012, 0.43)* 0.02(0.00,0.04) 3.31(-33.35,39.96) 1.25(-1.65,4.16) 18.67 (-3.99, 41.33)

’ 0.10) 0.04) 0.04)

PM,, (ug/ma) -0.09 ,(_0'17' -0.01(-0.04, 0.03) -0.07 (-0.22, -0.02 (-0.07, -0.17 (-0.44, 0.11) -0.029 (:0.054, -22.90 (-67.25, -2.26 (:4.01, »16.251(*31.29,
-0.01) 0.08) 0.02) -0.003) 21.45) -0.50) -1.20)

S0, (p.g/ms) 0.16 (-0.04, 0.04 (-0.07,0.15) 0.54 (0.13, 0.95)‘ -0.02 (-0.14, -0.19 (-1.23, 0.85) 0.04 (-0.04,0.12) -73.98 (-214.12, 1.69 (-4.06, -15.57 (-56.03,
0.36) 0.09) 66.18) 7.43) 24.89)

NO, (pg/m3) -0.02 (-0.15, 0.06 (-0.01,0.13)  -0.04 (-0.29,0.21) -0.11(-0.19, -0.16 (-0.41,0.09) 0.00 (-0.03, -27.84 (-75.58, -3.54 (-7.43, -18.73 (-46.88,
0.11) -0.03)’ 0.03) 19.90) 0.36) 9.43)

co (mg/m3) 4.83 (-0.41, -2.28 §-4.44, 6.52 (-5.24,18.29) 3.98 (0.74, -3.99 (-13.95,5.97)  -0.34 (-1.75,1.06) 354.41(-2,317.39, 165.95 (26.21, 400.68 (-554.22,
10.06) -0.13) 7.22) 3,026.21 305.70) 1,355.58)

o, (“g/m3) 0.069 (0.01, -0.01(-0.04, 0.03) 0.13(0.01, 0.25)‘ -0.03 (-0.06, 0.03 (-0.10, 0.15) 0.01(0.00, 0.02) -13.53 (-33.88,6.82) 1.22(-0.83,3.27) -4.73(-18.52,9.05)
0.13) 0.01)

Distance from the -0.001 >-0.001(-0.001, >-0.001(-0.002, 0.001(0, -0.004 (-0.007, >-0.001(-0.001, -0.21(-0.88,0.47) 0.01(-0.03, 0.04 (-0.18, 0.25)

secondary road (m) (-0.002, 0) 0.001 0.002) 0.002) -0.001) 0) 0.05)

Distance from the main <0.001(-0.001, <0.001(0,0.001) 0.002(0,0.003) >-0.001 0.001(0,0.003)  <0.001(-) -0.21(-0.35,-0.06)" 0.01(-0.01, 0.06 (-0.12,0.23)

road (m) 0.001) (-:0.001,0) 0.04)

Distance from the 0.01(-008,  -0.01(-0.06,0.03) 0.00(-0.18,0.18) -0.01 0.24(0.10,038)  0.01(0.00,0.03) 6.95(-18.90,32.80) 0.35(-2.22,2.91) 810 (-8.24, 24.43)

highway (km) 0.09) (-0.06,0.04)

'P<0.05. CK: Creatine kinase; BUN: blood urea nitrogen; CHO: cholesterol; TG: triglyceride; PT: prothrombin time; INR: international normalized ratio; SF: serum ferritin; Hb: hemoglobin; PLT: platelets.

In our study, we observed that the correlation between ALT and traffic-related air pollution, as well as traffic exposure distance, was not significant, whereas
AST showed a positive correlation with proximity to main roads. This suggests that, in comparison to the impact on hepatic lipid accumulation and pathology,
increasing the intensity of traffic exposure may exacerbate inflammation at the hepatic site in patients with cirrhosis.

GGT is closely associated with oxidative stress and serves as an indicator of liver damage. It participates in the breakdown of glutathione (GSH) and is essential
for GSH-related biological transformation processes and the detoxification of exogenous substances"”. In a cross-sectional study involving 150 newborns,
maternal exposure to PM was found to be significantly and positively correlated with GGT levels in the umbilical cord blood of newborns. Additionally, the
total length of streets within a 100-meter buffer zone around homes was also significantly positively correlated with GGT levels"®. Two cohort studies in
Germany involving 5,892 adults revealed a positive correlation between long-term air pollution and blood GGT concentration, particularly with respect to
PM, ", Similar results by cross-sectional studies were found in Taiwan, showing that long-term exposure to air pollution was associated with elevated levels of
GGT"), which is consistent with the analysis of a nationally representative sample of 32,989 individuals from the Canadian Health Measures Survey*’. In a
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large population cohort in Vorarlberg, Austria, exposure to PM and NO, was positively correlated with
increased GGT concentration, with transportation contributing significantly to this correlation””. This is in
line with our finding of a negative correlation trend between blood GGT concentration and distance from
main roads.

This study found that the levels of CHO were positively correlated with the exposure concentrations of SO,
and O,, while the levels of TG were positively correlated with the exposure concentration of CO. These
results indicate that air pollution may increase the risk of liver metabolic abnormalities and fatty liver in
patients, supported by previous research. Epidemiological studies have also demonstrated that exposure to
air pollution may lead to increased levels of TG and CHO" ), and may even induce metabolic
syndrome'. Animal experiments have shown that exposure to air pollution can lead to significant
inflammatory responses, increased oxidative stress in tissues and systemically, abnormal blood lipids, and
enhanced pro-inflammatory state of epididymal fat*”.

To date, there have been no other reports examining the correlation between traffic-related air pollution
and other indicators. CHE is a glycoprotein synthesized by liver tissue and is commonly used in clinical
practice to assess liver function. Our research indicates that the concentrations of NO, and CO, and the
distance from secondary roads are associated with abnormal fluctuations in CHE levels. Prolonged exposure
may further lead to liver function abnormalities, potentially resulting in serious consequences such as liver
failure. PT refers to the time required for plasma lacking PLT to convert prothrombin into thrombin when
excess tissue thromboplastin and calcium ions are added. This extrinsic coagulation pathway requires the
involvement of coagulation factors II, V, VII, and X, all of which are synthesized by the liver. Therefore, PT,
to some extent, reflects liver function, reserves, severity of pathological changes, and prognosis. PT levels are
positively correlated with exposure concentrations of PM,, and negatively correlated with the distance from
secondary roads. Secondary roads often face congestion, leading to frequent deceleration and idling of
vehicles, resulting in higher emissions of PM,, from vehicle exhaust, brake, and tire wear. These may have
adverse effects on certain liver function indicators in exposed individuals.

Research on the mechanisms of air pollution-induced liver damage is gradually attracting broad attention in
the academic community. Studies have indicated that air pollutants primarily cause harm to health through
oxidative stress and inflammatory responses. Prolonged exposure to air pollutants can trigger respiratory
inflammation reactions, potentially leading to systemic inflammation* and inducing the production of
additional reactive oxygen species in organs such as the liver'””. Additionally, PM,, can enter the alveoli and
circulate in the bloodstream through the pulmonary system. When pollutants move from the lungs to the
liver, they may activate immune cells, prompting the secretion of pro-inflammatory cytokines and creating
a pro-inflammatory environment"**” conducive to various liver diseases. Moreover, cytochrome P-450
enzymes are the major producers of reactive oxygen species and are widely present in the liver, further
increasing the risk of liver damage'!. Traffic-related air pollution includes diesel exhaust particles (DEP)
emitted by diesel engine vehicles. DEP can generate reactive oxygen species through non-enzymatic
processes or enzyme-catalyzed reactions mediated by cytochrome P-450, leading to a certain degree of liver
damage due to excessive oxidative stress"”. Research on the mechanisms of health effects of traffic-related
air pollution also provides a basis and new insights for related epidemiological studies.

In this study, we found a significant correlation between TRAP and changes in blood biomarkers among
patients with liver cirrhosis. Drawing on previous research, it can be inferred that the liver structure and
function of these patients are compromised to varying degrees®”, making them more sensitive to exposure
to TRAP. Such exposure may lead to increased oxidative stress’®*” throughout the body, especially in the
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liver, and result in metabolic dysfunction®*!. This situation can exacerbate liver inflammation”, and
prolonged exposure may contribute to the development of fatty liver® and further deterioration of liver
function. Consequently, this could negatively affect the treatment and recovery of patients in the
decompensated phase of liver cirrhosis.

Limitations and prospects

There are also some limitations in this study. Firstly, due to the incomplete recording of address
information for many patients in the study cohort, the sample size was insufficient to use a proximity model
to fully elucidate the effect of traffic-related air pollution on blood indicators in patients with cirrhosis.
Secondly, the study results may have been influenced by various confounding factors, leading to some
degree of error in certain results. For example, regular exercise has been shown to affect individual
antioxidant activity and baseline oxidative stress, thereby reducing liver damage. Future research could
enhance the accuracy of results by further adjusting the model.

As the global energy transition progresses, competition between traditional fuel-powered vehicles and
electric vehicles is intensifying. Against the backdrop of growing environmental awareness, technological
advancements, and policy initiatives, electric vehicles are gradually gaining favor in the market"™”. Future
research will separately investigate the health effects of traffic pollution caused by traditional fuel-powered
vehicles and electric vehicles, thereby enhancing the practical significance and academic value of the studies.

Conclusions

Liver cirrhosis represents a significant global health burden™, accounting for approximately 1.27 million
deaths and 38.9 million DALYs lost each year". In China, the number of patients is estimated to reach 7
million, far surpassing the figures in developed countries such as Europe and North America®. This study
focuses on patients with liver cirrhosis and specifically examines the impact of traffic-related air pollution
on their health. Our findings indicate that exposure to high levels of traffic pollution has a significantly
adverse effect on liver function indicators. This may impede liver metabolism, exacerbate oxidative stress,
promote liver injury, and increase the risk of various liver diseases. Furthermore, it could indirectly
influence the occurrence of liver decompensation events. Therefore, addressing and improving traffic-
related air pollution is crucial for protecting liver function and enhancing the health of patients with liver
cirrhosis. From an individual perspective, patients should try to choose residences that are away from busy
traffic areas, use air purifiers, wear masks, and maintain a healthy diet and regular health check-ups to
reduce the risk of exposure to traffic pollution. From a governmental perspective, urban planning should be
optimized to minimize the proximity of major traffic thoroughfares to densely populated areas.
Additionally, promoting clean transportation, strictly enforcing vehicle emission standards, increasing
urban green spaces, and conducting health education are essential steps to effectively reduce the impact of
traffic pollution on public health, especially for patients with liver cirrhosis.
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