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Abbreviation

95%CI: confidence interval; AST: aspartate aminotransferase; ALT: alanine aminotransferase; APRI: aspartate-
to-platelet-ratio index; EVI: enhanced vegetation index; FIB4: fibrosis-4 score; MET: metabolic equivalent;
NDVI: normalized difference vegetation index; PM;: particulate matter with an aerodynamic diameter < 1.0 pm,;
PM: s: particulate matter with an aerodynamic diameter <2.5 pm; PMo: particulate matter with an aerodynamic

diameter < 10 pm; T2DM: type 2 diabetes mellitus.

Clinical Trial Registration
The Henan Rural Cohort study has been registered at Chinese Clinical Trial Register

(Registration number: ChiCTR-OOC-15006699, http://www.chictr.org.cn/showproj.aspx?proj=11375).
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Highlights
® Residential greenness was negatively associated with prevalent advanced fibrosis in rural adults.
® [ong-term exposure to air pollution was positively related to prevalent advanced fibrosis.

® Residential greenness attenuated the association of air pollution with prevalent advanced fibrosis.



Abstract
Long-term exposure to air pollutants and residential greenness related to advanced fibrosis have been sparsely

studied in low- and middle-income countries. A total of 29883 participants were selected from a cross-sectional
survey of the Henan Rural Cohort. Concentrations of air pollutants (particulate matter with an aerodynamic
diameter < 1.0 um (PM;), < 2.5 um (PM,5), < 10 um (PM)o) and nitrogen dioxide (NO)) for participants
were predicted by using a spatiotemporal model. Residential greenness of each participant was indicated by
Enhanced Vegetation Index (EVI) and Normalized Difference Vegetation Index (NDVI). Independent and joint
associations of air pollutants and residential greenness indices with prevalent advanced fibrosis reflected by
fibrosis-4 score (FIB4), aspartate-to-platelet-ratio index (APRI) and ALT/AST ratio were analyzed by
generalized linear mixed models and their interactive effect on prevalent advanced fibrosis were visualized by
using the Interplot method. Long-term exposure to PM;, PM» s, PM o and NO, were positively related to FIB4 or
APRI as well as prevalent intermediate-high advanced fibrosis; EVI was negatively related to FIB4 or APRI as
well as prevalent intermediate-high advanced fibrosis. Negative associations of residential greenness indices
(EVI or NDVI) with prevalent advanced fibrosis were decreased as increased air pollutants (PM;, PMa s, PMg
or NO») (P < 0.05 for all). This study indicated that residential greenness may partially attenuate negative effect
of long-term exposure to air pollutants related to increased prevalent intermediate-high advanced fibrosis,
implying that residential greenness may be an effective strategy to reduce the burden of prevalent hepatic

fibrosis and its related disease in association with exposure high levels of air pollutants.

Keywords: particulate matter; gaseous pollutant; aspartate-to-platelet-ratio index; fibrosis-4 score; rural

population



Introduction
Ambient air pollution poses to a huge burden on human health. Results from the Global Burden of Disease

Study 2017 report that ambient particulate matter (PM) pollution has become the tenth and fourth risk factors
contributing to deaths and disability-adjusted life-years for globally and China in 2017, respectively
(Collaborators 2018; Zhou et al. 2019). For instance, exposure to fine PM was related to a 0.41% (95% CI:
0.28%-0.54%) increment in years of life lost, based on Chinese National Ambient Air Quality Standard of China
(Qi et al. 2020). Evidence has revealed that non-alcoholic fatty liver disease is independently related to both
prevalence and incidence of multiple chronic diseases such as cardiovascular disease (CVD) and type 2 diabetes
mellitus (T2DM) (Adams et al. 2017).

Mounting evidences have indicated that exposure to air pollution is associated with serum levels of liver
enzymes as a marker of hepatic and cardiovascular disease (Kim et al. 2019; Long et al. 2016; Markevych et al.
2013; Pan et al. 2016; Pejhan et al. 2019). The liver may play a vital role in modulating metabolism of
carbohydrates, proteins as well as lipids (Giannini et al. 2005). The level of serum liver enzymes including
aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP) have been
accept as potential biomarkers of liver injury/disease (Giannini et al. 2005). In recent years, several of
noninvasive scoring systems (AST/ALT ratio, aspartate-to-platelet-ratio index (APRI), the albumin-bilirubin
grade (ALBI) and fibrosis-4 score (FIB4)) for evaluating chronic liver disease have been established by using
routine laboratory parameters. Among of them, AST/ALT ratio, APRI and FIB4 are widely used to estimate the
liver function and hepatic fibrosis (Long et al. 2016; Pejhan et al. 2019; CW Wang et al. 2019). Most researches
are concerned with developed countries, urban cities or susceptible population, while there is a lack evidence on
exploring associations of ambient air pollution with biomarker of liver function and hepatic fibrosis in the rural
context.

A mounting body of literatures suggest that green spaces in the living environments has beneficial effects on
human health. Growing evidences from epidemiological studies show that individuals residing in greener places
link to decreased CVD mortality and morbidity (Astell-Burt and Feng 2019; Gascon et al. 2016;
Nieuwenhuijsen 2018; Silveira and Junger 2018; Tamosiunas et al. 2014). While several studies report inverse
associations between residential greenness and CVD risk factors such as T2DM and hypertension as well as
metabolic syndrome (de Keijzer et al. 2019; Dzhambov et al. 2018; Liao et al. 2019). The potential causal
mechanisms may green space attenuate adverse health effect in relation to hazardous agents in living

environment by reduction in air pollutants concentrations, and increased opportunities for social contacts as well
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as physical activity (Aerts et al. 2020; Ruijsbroek et al. 2017; H Wang et al. 2019). However, until now, no study
investigated associations of residing in green spaces with hepatic fibrosis indices.

Thus, in this study, the Henan Rural Cohort Study was conducted in Henan province of China to assess
independent and joint associations of long-term exposure to air pollution and residential greenness with hepatic
fibrosis indices (AST/ALT ratio, FIB4 and APRI). The residential greenness of individuals were assessed by
using normalized difference vegetation index (NDVI) and enhanced vegetation index (EVI) derived from
satellites data. Concentrations of air pollutants (PM with an acrodynamic diameter < 1.0 um (PM), <2.5 um
(PM355), or < 10 pm (PM,) as well as nitrogen dioxide (NO,)) were also estimated based on the satellites data.

Materials and methods

Study population
The Henan Rural Cohort study was carried out among Suiping, Yuzhou, Xinxiang, Tongxu, and Yima rural

counties in Henan province of China (Liu et al. 2019). Participants were recruited based on following steps:
first, five rural counties were selected from Henan province by using the simple cluster sampling; second, one to
three rural townships in each country were selected in accordance to the local medical conditions; third,
permanent residents in each rural village of the selected township were included in this study population. A
questionnaire was used to collect information on individuals’ characteristics (such as age and gender), lifestyles
(such as dietary pattern and physical activity) and histories of personal and family diseases. The definition of
smoking and drinking status, physical activity, social-economic status (averaged annual income, educational
levels and marital status) as well as chronic diseases (T2DM, hypertension as well as dyslipidaemia) were
described in detail elsewhere (Hou et al. 2020b; Liu et al. 2019). Dietary patterns were classified into low
(<500g/day) and high fruit and vegetable intake (>500g/day) as well as low (<75g/day) and high fat diet
(>75g/day) (The Chinese Nutrition Society 2011). Physical activity was assessed by International Physical
Activity Questionnaire (IPAQ). The metabolic equivalent (MET) of physical activity for each participant was
calculated using the following equation: physical activity duration (hour/time) x frequency per week of physical
activity X MET coefficient of each type of activity. The MET of physical activity was expressed as MET hours
per day. 9376 individuals with missing data on parameters of liver function (n=9287) and platelet counts (n=89)
were excluded and ultimately a total of 29883 participants were used to analysis in this study. We obtained
Zhengzhou University Life Science Ethics Committee’ approval of this study. All individuals gave their written

informed consents before this study.

Estimated concentrations of air pollutants
The concentrations of PMs (PM, PM» 5, PM ) and NO, were estimated by using a spatiotemporal model based
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on the data derived from the Moderate Resolution Imaging Spectroradiometer (MODIS) satellite and the ozone
monitoring instrument (OMI, level 3 NO; product) and the detailed methods were described in the previous
studies (Chen et al. 2018a; Chen et al. 2018b; Chen et al. 2018c). Briefly, daily ground-levels of PM; were
obtained from the China Atmosphere Watch Network. Daily ground-levels of PM» s, PM o and NO, were
obtained from the China National Environmental Monitoring Center. Data on daily levels of aerosol optical
depth (AOD) from MODIS satellite and of NO, from the ozone monitoring instrument (OMI, level 3 NO,
product) were used in the models to estimate concentrations of PMs and NO». In addition to satellites-based
data, land use data (percentage of urban cover and greenness) and meteorological (relative humidity and wind
speed) were used in the random forest models. All models were developed by using the ten-fold cross-validation
for predicted air pollutants and showed high predictive abilities and robustness to over-fitting and noise
(Breiman 2001; Liaw and Wiener 2002). The R? (root mean squared error) of the models for estimation of
annual-averaged PM;, PMas, PMjoor NOy level was 75% (8.8 pg/m?), 86% (6.9 pg/m?), 81% (14.4 pg/m?) or
72% (6.5 png/m3). Three-year averaged concentrations of air pollutants for participants were calculated by using

their geocoding of residential addresses.

Estimation of exposure to NDVI/EVI levels
The 16-day MODIS Terra NDVI and EVI data product (MOD13A1) covering study during period (2012-2017)

were obtained from MODIS satellite at a spatial resolution of 500 m (https://modis.gsfc.nasa.gov/data/dataprod
/mod13.php). The mean NDVI/EVI was calculated based on the residential addresses with three buffer radiuses
(3000 m, 1000 m, and 500 m). Residential surrounding greenness for each participant was estimated by using
satellite-based indices of greenness (EVI and NDVI), described in details elsewhere (Di. et al. 2020). The values
of both greenness indices were ranged from -0.2 to +1.0. The higher values of greenness indices represented
greater vegetation greenness. Both NDVI and EVI were calculated the mean values during the three-year before
the baseline survey of this study (Di. et al. 2020; Yang et al. 2018). Researches have reported that 0.25 miles
which was equal to 400 m is considered as an optimum radius size to estimate accessible greenness (Yang and
Diez-Roux 2012). Accumulated evidence showed that the 500 m radius of greenness was used to explore
associations of residential greenness with negative effects on human health (Crouse et al. 2017; Ji et al. 2020;
Vienneau et al. 2017). Therefore, we only analyzed associations of residential greenness with a 500 m buffer

radius with health outcomes.

Hematologic parameters measurements and advanced fibrosis assessment
Each individual provided an overnight fast of venous blood sample at least 8 h. The routine blood (such as

platelet counts (PLT)) and biochemical (including ALT and AST) parameters were measured using the Sysmex
7
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XT-500i automated hematology analyzer (Sysmex Corporation, Kobe, Japan) and Cobas c501 analyzer (Roche
Diagnostics, Rotkreuz, Switzerland), respectively. The AST/ALT ratio was calculated by AST divided into ALT.
The APRI and FIB-4 are widely used to assess hepatic fibrosis and the calculation method of them have been
described elsewhere (Kim et al. 2016; Wang et al. 2019). Briefly, individuals with low advanced fibrosis was
defined as those with a FIB4 < 1.3 for individuals aged < 65 or a FIB4 < 2.0 for individuals aged > 65; a APRI
< 0.5 or AST/ALT ratio <1.5, otherwise, individuals were defined as intermediate-high advanced fibrosis

individuals (Kim et al. 2016; Wang et al. 2019)

Statistical analysis
The normally and non-normally distributed data were expressed as mean (standard deviation, SD) and median

(interquartile range, IQR), respectively. The categorical variables were expressed as number (percentage). The
normally and non-normally distributed continuous and categorical variables were analyzed between low and
intermediate-high advanced fibrosis groups by Student’s t test, Mann-Whitney U test and Chi-square test,
respectively. The independent associations of long-term exposure to air pollutants (PM;, PM, 5, PMio or NO>),
residential greenness indices (NDVI or EVI) with liver function parameters (continuous and categorical
variables) were assessed by using generalized linear mixed models. The air pollutants (PM;, PM» s, PM, or
NO,) and residential greenness (NDVI or EVI) were classified into low and high based on their corresponding
median values and explore combined effect of them on liver function parameters. The altered effect of
residential greenness on liver function parameters (continuous and categorical variables) along with increased
individual air pollutants were also analyzed and exhibited by using generalized linear mixed models and
Interplot method, respectively. Considering that characteristics of the study population were different in selected
counties (As shown in Table S1), random effect of region was included in all models, in addition to adjustment
for fixed effect of age, gender, social-economic status (education level, marital status as well as averaged
monthly income), lifestyles (smoking and drinking status as well as physical activity), dietary patterns (high-fat
diet, fruit and vegetable intake) and chronic diseases (type 2 diabetes, hypertension and dyslipidemia) which
were related to independent or dependent variables. All data analyzes were performed in R version 3.5.1. Two
tailed P value < 0.05 was set as statistical significance.

Results

Characteristics of the study population by advanced fibrosis biomarkers
Table 1 showed that difference distributions of selected variables were found between low and intermediate-

high advanced fibrosis groups by FIB4 or AST/ALT ratio (all p <0.01); difference distributions of selected

variables were found between low and intermediate-high advanced fibrosis by APRI (all p < 0.01), except for
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T2DM, high-fat diet and marital status; the median values of physical activity, AST, ALT and PLT were found
difference between low and intermediate-high advanced fibrosis by FIB4 or APRI (all p < 0.01); the median
values of AST and ALT were found difference between low and intermediate-high advanced fibrosis by
AST/ALT ratio (both p <0.01). Table 2 showed that the median values of air pollutants (PM, PM» s, PMj and
NO,) as well as residential greenness indices were found difference between low and intermediate-high

advanced fibrosis by FIB4, APRI or AST/ALT ratio (all p <0.01).

Association of air pollutants, residential greenness with advanced fibrosis biomarkers
Table 3 showed that each 1-SD increment in EVI values was related to a -0.13(95%CI: -0.17, -0.09), -

0.27(95%CI: -0.32, -0.21) and -0.01(95%CI: -0.06, 0.04) reduction for FIB4, APRI and AST/ALT ratio,
respectively; each 1-SD increment in NDVI values was related to -0.001(95%CI: -0.03, 0.03) and -0.03(95%CI:
-0.09, 0.02) reduction for FIB4 and APRI, respectively; each 1-unit increment in PM; concentrations was related
to a 0.14(95%CI: 0.13, 0.16), 0.04(95%CI: 0.03, 0.04) and 0.01(95%CTI: 0.01, 0.02) increased FIB4, APRI and
AST/ALT ratio, respectively; the similar results were observed for the other air pollutants related to hepatic
fibrosis indices. Table 3 showed that the ORs and 95% CI of FIB4, APRI, AST, ALT and AST/ALT ratio in
response to each one SD increment in EVI values were 0.84(95%CI: 0.80, 0.88), 0.75(95%CI: 0.71, 0.80) and
0.98(95%CT: 0.93, 1.03), respectively; no association of NDVI values with hepatic fibrosis indices were
observed. The ORs and 95% CI of FIB4, APRI and AST/ALT ratio in response to each 1-unit increment in PM;
concentrations were 1.22( 95%CI: 1.19, 1.25), 1.30( 95%CI: 1.26, 1.34) and 1.02( 95%CI: 0.99, 1.05),

respectively; the similarity results were observed for the other air pollutants related to liver function parameters.

Joint effect of residential greenness and air pollution on advanced fibrosis biomarkers
Figure 1a showed that individuals with high levels of NO, and residential greenness reflected by EVI and

NDVI were related to a 0.15(95%CI: 0.08, 0.22) and 0.26(95%CI: 0.20, 0.33) increase in FIB4 values or a
0.05(95%CT: 0.02, 0.07) and 0.08(95%CT: 0.05, 0.10) increase in APRI values, respectively, compared to the
ones with the corresponding low levels of NO; and greenness; similar results were observed for the combined
effect of the other pollutants (PM;, PM,s and PM)o) and residential greenness on FIB4 or APRI. No combined
effects of air pollutants (PM,, PM, s, PMjoor NO>) and residential greenness (EVI or NDVI) on AST/ALT ratio
were observed. Figures 2a-c exhibited that associations of residential greenness indices with advanced fibrosis
biomarkers (FIB4, APRI or AST/ALT ratio) as a function on individual air pollutants. Negative associations of
residential greenness indices with FIB4 and APRI were counteracted by air pollutants at certain levels, whereas
opposite changes in association of residential greenness indices with AST/ALT ratio as increased PM; was

observed.



Figure 1b showed that individuals with high levels of NO, and residential greenness reflected by EVI and
NDVI had a 1.32-fold (95%CI: 1.19, 1.47) and 1.50-fold (95%CI: 1.36, 1.66) increased risk for intermediate-
high advanced fibrosis measured by FIB4 as well as a 1.30-fold (95%CI: 1.16, 1.46) and 1.55-fold (95%CI:
1.39, 1.74) increased risk for intermediate-high advanced fibrosis measured by APRI, respectively, compared to
the ones with the corresponding low levels of NO» and greenness; similar results were observed for the
combined effect of the other pollutants (PM;, PM2s and PM)o) and residential greenness on intermediate-high
advanced fibrosis measured by FIB4 or APRI. No combined effects of air pollutants (PM, PM, s, PM;oor NO>)
and residential greenness (EVI or NDVI) on intermediate-high advanced fibrosis measured by AST/ALT ratio
were observed. Figures 3a-c exhibited that associations of residential greenness indices with advanced fibrosis
biomarkers (FIB4, APRI or AST/ALT ratio) as a function on individual air pollutants. High residential greenness
related prevalent advanced fibrosis reduction (FIB4 and APRI) were counteracted by air pollutants at certain
levels, whereas opposite changes in negative association of residential greenness indices with prevalent

advanced fibrosis (AST/ALT ratio) as increased PM; was observed.

Discussions
This is the first large scale cross-sectional study to focus on hepatotoxicity in relation to long-term exposure to

ambient air pollution and residential greenness in Chinese rural regions. Increased risk of hepatic fibrosis
reflected by subclinical indicators including AST/ALT ratio, FIB4 and APRI was related to increase air pollutant
levels, whereas the risk of hepatic fibrosis reduction was related to increase in residential greenness.
Furthermore, the negative effect of air pollution on hepatic fibrosis was outweighed than the beneficial effect of
residential greenness on hepatic fibrosis, implying that residential greenness may only partially counteract
increased risk of abnormal liver function in response to exposure to high level of air pollution.

This study results were consistent with several studies. Results from the Korean National Health and
Nutrition Examination Survey indicated that exposure to high levels of air pollutants such as PM o and NO;
were related to increased serum AST and ALT levels in adults (Kim et al. 2019). A cross-sectional study
conducted in Taiwanese adults (n=351,852) showed that each 10 pug/m? increment in two-year averaged
concentration of PM, s was related to a 0.02%(95% CI: -0.04%, 0.08%) and 0.61% (95% CI: 0.51%, 0.70%)
increase in AST and ALT levels, respectively (Zhang et al. 2019). Additionally, high level of PM;, PM» s or PM g
related to increased AST and ALT levels among newborns was also reported (Pejhan et al. 2019). There was no
direct evidence on associations of exposure to air pollution with APRI and FIB4, but studies showed that

exposure to PMs or its constituents such as polycyclic aromatic hydrocarbons were related increased mean
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platelet volume (MPV) (Hou et al. 2020a; Yuan et al. 2019). The negative association between MPV and PLT
was reported (Barman et al. 2014), thus, we found that long-term exposure to air pollution related to increased
FIB4 and APRI may be plausibility.

Residential greenness has beneficial effect on advanced fibrosis related to increased physical activity and
decreased air pollution. Several studies show that residential greenness is associated with increased physical
activity (McMorris et al. 2015; Sadeh et al. 2019; Villeneuve et al. 2018). For instance, Villeneuve et al.
revealed that individuals with the upper tertile of greenness were more likely to take physical activity (67.1
MET/week) relative to the ones with the lowest tertile of greenness (OR: 1.17, 95% CI: 1.10, 1.23) (Villeneuve
et al. 2018). Whilst, residential greenness can attenuate the negative effects of air pollution on mortality such as
CVD (Crouse et al. 2019; Ji et al. 2020). Evidence also suggest other potential clues as follows: first, interactive
effect of residential greenness and air pollution on biomarkers of advanced fibrosis may be partially explained
by structure difference in air pollution and green space. Greenness related lower air pollution may due to that
trees absorbed gaseous pollutants (NO; and ozone) and filtered different size of PM by trapping them on leaves
and bark (Jim and Chen 2008). Second, evidence showed positive associations of greenness with psychological
well-being in association with lower liver disease mortality (Russ et al. 2015; Wang et al. 2020). Third,
residential greenness was positive related to disorders of glucose metabolism contributing to development of
hepatic fibrosis via miR-32/MTA3-mediated epithelial-to-mesenchymal transition (Hou et al. 2021; Li et al.
2019). As mentioned above, residential greenness can partially attenuate the negative effect of air pollution on
liver function, due to the increased physical activity, reduction in air pollution levels as well as disorders of
glucose metabolism.

Although the underlying mechanisms of the negative effect of ambient air pollution on the liver are not yet
clarified, several direct or indirect causes have been suggested. Both inflammation and oxidative stress are
considered as potential mechanisms of air pollution-related liver toxicity. Exposure to ambient air particles
contributed to liver injury by inducing excessive production of reactive oxygen species and inflammation
response in liver (Li et al. 2015; Xu et al. 2019). Evidence showed that exposure to PM> s can induce increased
expression of collagens in liver tissues and hepatic stellate cells and this effect was mainly counteracted by
NADPH oxidase (Zheng et al. 2015). Inhaled air pollutants may cause liver dysfunction by inducing direct and
indirect inflammatory responses. Ambient airborne PM can activate Kupffer cells- liver resident macrophages
and subsequently induce increased the pro-inflammatory cytokines (interleukin (IL)-6) secretion contributed to

development of non-alcoholic fatty liver disease (Tan et al. 2009). A review study indicated that inhaled PM can
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induce activation of immune cells (alveolar or bronchial macrophages) in the lung to release inflammatory
cytokines such as IL-6 into the bloodstream which may directly lead to hepatotoxicity (Kim et al. 2014).

Several limitations are needed to mention: First, this study is a cross-sectional study which cannot establish
causal associations of long-term exposure to air pollutants including PMs and NO,, residential greenness with
liver function. Second, the higher spatial error of misclassification may be existed, when estimated levels of air
pollutants by using the geocoding rural addresses. Third, in addition to hepatic injuries, increment in liver
enzymes may result from other diseases such as skeletal muscle or kidney injures (Giannini et al. 2005) and the
high hepatic specificity of markers are needed to reveal health effects of PM air pollution, residential greenness
on liver function. Finally, although several important factors are taken into consideration, there still other

unmeasured or unselected factors (such as indoor air pollution) were not considered in this study.

Conclusions
This study showed that residential greenness had a beneficial effect on prevalent advanced fibrosis, whereas

exposure to high levels of air pollutants related to increased prevalent advanced fibrosis. Residential greenness
partially attenuated negative effect on prevalent advanced fibrosis in relation to exposure to air pollution. The
findings may support that residential greenness is an effective measure to reduce the burden of advanced fibrosis

in highly polluted rural regions.
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Figure legends
Figure 1 Combined effects of air pollutants and residential greenness on advanced fibrosis biomarkers

(continuous (A) and categorical variables (B)) were analyzed by generalized linear mixed models, after adjusted
for fixed effect of age, gender, social-economic status (education level, marital status as well as averaged
monthly income), lifestyles (smoking and drinking status as well as physical activity), dietary patterns (high-fat
diet, fruit and vegetable intake) and chronic diseases (type 2 diabetes, hypertension and dyslipidemia) as well as
random effect of region. The dots and lines were presented as estimated effect and their corresponding 95%

confidence intervals.

Figure 2 The effects of residential greenness on FIB4 (a), APRI (b) or AST/ALT ratio (c) as a function on air
pollutants were analyzed by generalized linear mixed models, after adjusted for fixed effect of age, gender,
social-economic status (education level, marital status as well as averaged monthly income), lifestyles (smoking
and drinking status as well as physical activity), dietary patterns (high-fat diet, fruit and vegetable intake) and
chronic diseases (type 2 diabetes, hypertension and dyslipidemia) as well as random effect of region. The lines
and shade areas presented the estimated regression coefficient and their corresponding 95% confidence

intervals.

Figure 3 The effects of residential greenness on prevalent advanced fibrosis measured by FIB4 (a), APRI (b) or
AST/ALT ratio (c) as a function on air pollutants were analyzed by generalized linear mixed models, after
adjusted for fixed effect of age, gender, social-economic status (education level, marital status as well as
averaged monthly income), lifestyles (smoking and drinking status as well as physical activity), dietary patterns
(high-fat diet, fruit and vegetable intake) and chronic diseases (type 2 diabetes, hypertension and dyslipidemia)
as well as random effect of region. The lines and shade areas presented the estimated odd ratios and their

corresponding 95% confidence intervals.
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Table 1. Distributions of selected variables of the study participant by hepatic fibrosis indices

Variables All (n=29883) FIB-4 (n=12394)  p-value APRI (n=4706) p-value AST/ALT ratio (n=6755)  p-value
Age (year, mean + SD)? 55.46£12.36 59.7849.15 <0.001 57.96+10.83 <0.001 57.44+13.65 <0.001
Gender (Females, n, %)° 17705(59.25) 6811(54.95) <0.001 2860(60.77) 0.021 4682(69.31) <0.001
Married/living together(n, %)° 26940(90.15) 11046(89.12) <0.001 4259(90.5) 0.393 5839(86.44) <0.001
Educational level (n, %)° <0.001 <0.001 <0.001
Elementary school or below 13240(44.31) 6199(50.02) 2453(52.12) 3377(49.99)
Middle school 11620(38.88) 4701(37.93) 1735(36.87) 2344(34.7)
High school or above 5023(16.81) 1494(12.05) 518(11.01) 1034(15.31)
Average monthly income (n, %) ® <0.001 <0.001 <0.001
<500 RMB 10790(36.11) 4877(39.35) 1827(38.82) 2645(39.16)
500-999 RMB 9416(31.51) 3908(31.53) 1450(30.81) 2078(30.76)
>1000 RMB 9677(32.38) 3609(29.12) 1429(30.37) 2032(30.08)
Smoking status (n, %)° <0.001 0.01 <0.001
Never 21512(71.99) 8552(69) 3467(73.67) 5251(77.74)
Former 2375(7.95) 1185(9.56) 369(7.84) 460(6.81)
Current 5996(20.06) 2657(21.44) 870(18.49) 1044(15.46)
Drinking status (n, %)° <0.001 <0.001 <0.001
Never 23204(77.65) 9525(76.85) 3744(79.56) 5613(83.09)
Former 1484(4.97) 783(6.32) 289(6.14) 253(3.75)
Current 5195(17.38) 2086(16.83) 673(14.3) 889(13.16)
High-fat diet (> 75g/day, n, %)° 5422(18.14) 2116(17.07) <0.001 870(18.49) 0.510 958(14.18) <0.001
Fruit and vegetable intake (> 500g/day, n, %)° 14314(47.9) 6490(52.36) <0.001 2682(56.99) <0.001 3005(44.49) <0.001
Exercise (METs-min/week, mean + SD)° 7675.46+4398.77  8039.26+£4299.99  <0.001 7974.66+4148.17  <0.001 7671.64+4383.93 0.935
Hypertension (n, %) ° 9572(32.03) 3836(30.95) 0.001 1336(28.39) <0.001 1940(28.72) <0.001
T2DM (n, %)° 2621(8.77) 856(6.91) <0.001 416(8.84) 0.457 262(3.88) <0.001
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Dyslipidemia (n, %)® 11553(38.66) 4124(33.27) <0.001  1615(34.32) <0.001  1836(27.18) <0.001
yslip

AST(U/L, mean + SD)° 23.31£12.62 26.78+17.48 <0.001 35.82+26.10 <0.001 21.77+10.05 <0.001
ALT(U/L, mean = SD)* 21.64+18.26 23.05+23.50 <0.001 37.11£36.42 <0.001 11.76+5.24 <0.001
Platelet counts (10%/L, mean + SD)° 214.62+72.78 159.49+52.28 <0.001 122.37+51.50 <0.001 215.76+70.79 0.141

APRI: aspartate-to-platelet-ratio index; AST: aspartate aminotransferase; ALT: alanine aminotransferase; FIB4: fibrosis-4 score; MET: metabolic equivalents; SD: standard

deviation; T2DM: type 2 diabetes mellitus; *Student's t test was used to compare normal distributed continuous variables between low and intermediate-high advanced fibrosis
groups by hepatic fibrosis indices; "A Chi-square test was used to test the distributions of categorical variables between low and intermediate-high advanced fibrosis groups by
hepatic fibrosis indices; “Mann-Whitney U test was used to compare non-normal distributed variables between low and intermediate-high advanced fibrosis groups by hepatic

fibrosis indices.
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Table 2. Distributions of selected variables of the study participant by hepatic fibrosis indices

Variables All (n=29883) FIB-4 (n=12394) APRI (n=4706) AST/ALT ratio (n=6755)
Air pollutants
PM| (median, IQR) 56.45(54.98, 57.53) 56.33(54.98, 56.96) 56.31(54.98, 56.82) 56.45(55.38,57.53)
PM; s (median, IQR) 71.92(70.53,74.12) 71.60(70.51, 73.25) 71.58(70.51, 71.99) 71.99(70.65, 74.12)
PM o (median, IQR) 128.7(125.54, 134.60) 128.26(125.52, 132.63) 128.19(125.51, 128.93) 128.93(125.79, 134.60)
NO; (median, IQR) 37.49(35.91, 40.73) 37.37(35.85,40.11) 37.27(35.86, 37.57) 37.49(35.91, 41.07)

Residential greenness
EVI (median, IQR) 0.38(0.33, 0.40) 0.38(0.34, 0.40)
NDVI (median, IQR) 0.54(0.50, 0.56) 0.55(0.51, 0.56)

0.38(0.35, 0.40)
0.55(0.52, 0.56)

0.38(0.34, 0.40)
0.54(0.50, 0.56)

AST: aspartate aminotransferase; ALT: alanine aminotransferase; APRI: aspartate-to-platelet-ratio index; EVI: enhanced vegetation index; FIB4: fibrosis-4 score; NDVI:
normalized difference vegetation index; NO,: nitrogen dioxide; PM;: particulate matter with an aerodynamic diameter < 1.0 um; PM; s: particulate matter with an

aerodynamic diameter <2.5 um; PMo: particulate matter with an aecrodynamic diameter <10 pm.
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Table 3. Associations of air pollutants, residential greenness with hepatic fibrosis indices*

Variables

FIB-4

APRI

AST/ALT ratio

B (95%CI)

OR(95%CI)

B (95%CI)

OR(95%CI)

B (95%CI)

OR(95%CI)

Air pollution
PM;
PMz 5
PMj
NO;
Residential greenness
EVI
NDVI

0.17(0.14, 0.19)
0.20(0.17, 0.22)
0.10(0.09, 0.12)
0.22(0.20, 0.25)

-0.13(-0.17, -0.09)
-0.001(-0.03, 0.03)

1.22(1.19, 1.25)
1.25(1.21, 1.29)
1.13(1.11, 1.14)
1.29(1.26, 1.33)

0.84(0.80, 0.88)
0.99(0.95, 1.02)

0.26(0.23, 0.29)
0.31(0.27, 0.34)
0.17(0.15,0.18)
0.33(0.30, 0.37)

-0.27(-0.32, -0.21)

-0.03(-0.09, 0.02)

1.30(1.26, 1.34)
1.37(1.32, 1.42)
1.18(1.16, 1.21)
1.40(1.35, 1.45)

0.75(0.71, 0.80)
0.96(0.92, 1.01)

0.01(-0.01, 0.04)
0.04(0.01, 0.08)
0.01(0.00, 0.03)
0.02(-0.01, 0.05)

-0.01(-0.06, 0.04)
0.004(-0.04, 0.05)

1.02(0.99, 1.05)
1.05(1.02, 1.08)
1.01(1.00, 1.03)
1.03(0.99, 1.06)

0.98(0.93, 1.03)

1.00(0.96, 1.04)

95%CI: 95% confidence interval; AST: aspartate aminotransferase; ALT: alanine aminotransferase; APRI: aspartate-to-platelet-ratio index; EVI: enhanced vegetation index;
FIB4: fibrosis-4 score; NDVI: normalized difference vegetation index; NO,: nitrogen dioxide; OR: odd ratio; PM;: particulate matter with an acrodynamic diameter < 1.0 um;
PM, s: particulate matter with an aerodynamic diameter <2.5 pm; PMo: particulate matter with an acrodynamic diameter < 10 um. *generalized linear mixed models were
used to analyze association of air pollutants, residential greenness with hepatic fibrosis indices, after adjusted for age, gender, social-economic status (education level, marital
status as well as averaged monthly income), lifestyles (smoking and drinking status as well as physical activity), dietary patterns (high-fat diet, fruit and vegetable intake) and
chronic diseases (type 2 diabetes, hypertension and dyslipidemia).
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Figure 1a

Estimated changes in hepatic fibrosis indices (B,95%CT))

0.25-

-0.50-
0.4-

0.2-

PM, PM, 5 PMy, NO,
' . ¢
_+ ________ B e O ORI R B R = S SOSUS s __t .- e e e----l___e- LA
* N .
[ ]
+ | :
. .
_+ _________ ol ISR IR NI DR Y ¢_ oo a1 b aley o B~ . ____
¢ * [ L4 L
. + + +
FIB4 APRI AST/ALT FIR4 APRT AST/ALT FIRB4 APRI AST/ALT FIB4 APRI AST/ALT

Low air pollution+low residential greenness

+ High air pollution+low residential greenness

25

+ Low air pollution+high residential greenness

High air pollution+high residential greenness

IAH

TAAN



Figure 1b

1.75-
1.50-

1.25-

0.75-

0.50-

[
=
;

Estimated changes in hepatic fibrosis indices (OR,95%CT)

PM,

FIB4 APRI AST/ALT

Low air pollution+low residential greenness

PM, 5 PMy,

NO,

FIB4 APRI AST/ALT FIB4 APRI AST/ALT FIB4 APRI AST/ALT

+ High air pollution+low residential greenness » Low air pollution+high residential greenness

26

High air pollution+high residential greenness

TAAN



Effect of greenness on FIB-4 (5,95%CI)
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Figrue 2b
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Figure 2¢

Effect of greenness on AST/ALT (B,95%CI)
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Figure 3a
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Figure 3b
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