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Abstract
The effects of air pollutants on autoimmune diseases are gaining increasing attention. At present, no studies have conducted systemic review and metaanalysis on ambient air pollution and multiple sclerosis (MS). In this paper, literature was collected in order to explore whether there was a connection
between air pollutants and MS or not. Through electronic literature search, literature related to our research topic was collected in Cochrane Library,
Embase and Pubmed till August 18, 2020 according to certain criteria. Pooled risk estimate and 95% con dence intervals (95%CI) were calculated by
random-effect model analysis. After removing copies, browsing titles and abstracts and reading full text, 6 studies were nally included. The results
showed that only particulate matter (PM) with aerodynamic diameter ≤10 (PM10) was related to MS (pooled HR=1.058, 95% CI=1.050-1.066), and no
correlation was found between other pollutants and MS. There was no publication bias, and the heterogeneity analysis results were stable. PM is
correlated with the disease MS, while other pollution is not connected with MS. More literature results need to be included to meta-analysis results for
further study.

Introduction
Multiple sclerosis (MS) is one of autoimmune diseases with different characteristics of in ammatory. MS is accompanied by central nervous system
(CNS) chronic demyelinating, which is featured by dysfunction of the nervous system, neurodegeneration and the lack of central nervous system
recovery mechanism (Waubant et al. 2019; Lazibat et al. 2018). Most commonly seen in people between the ages of 20 and 40, MS can cause
symptoms including sensory, visual, cognitive and coordination problem (Bai L et al. 2018).
The incidence of MS is getting higher and higher (Browne et al. 2014), however, etiology of MS is largely unknown. Evidence has suggested that many
factors such as environment, heredity, and immune adjustment participated in their pathogenesis (Zhao CN et al. 2019). Environmental risk factors such
as epstein-barr virus, humane herpes virus (HHV), sun exposure/vitamin D, tobacco smoking serve as affecting the susceptibility to MS (Lauer K et al.
2010). And there is growing concern that air pollution such as suspended particulate matters (PM) with aerodynamic diameter ≤ 10 (PM10) and < 2.5
microns (PM2.5), nitrogen dioxide (NO2), sulfur dioxide (SO2), ozone (O3) and carbon monoxide (CO) play an important role in neurodegenerative
diseases such as parkinson's disease and multiple sclerosis (Liu et al. 2016; Lemprière et al. 2020; Ashtari et al. 2018). When exposed to air pollutant,
airway tissue is not only the interface between air and blood, but may also have the ability to transform air pollutant such as PM and presented them to
immunocompetent cell as antigens, triggering an in ammatory response in the lungs and releasing in ammatory cytokines, leading to increased levels
throughout the body (Waubant et al. 2019; Jaakkola et al. 2005). Exposure to air pollution can enhance the autoimmune response, local and systemic
in ammatory response by affecting immune cell regulation, the secretion of cytokines associated with the in ammatory response and local
in ammation (Zhao CN et al. 2019). Air pollution contains mixture of metals, nitrates, sulfates, polycyclic aromatic hydrocarbons (PAHs), dioxins and
other adsorbent organic compounds, and these ingredients can trigger the in ammatory signals and have neurotoxicity, which can lead to the
degeneration of nerve function and increase the risk of development of MS (Segalet al. 2018; O'Driscoll et al. 2019). In the pathogenesis of MS disease,
oxidant production is a major biological effect of tissue damage, local and systemic in ammatory responses. Both direct components of air pollution
and host responses to air pollution can cause oxidative stress and neurodystrophy (Gawda et al. 2017).
However, epidemiological evidence supporting the role of air pollutants in the pathogenesis of MS is limited, and the results of epidemiological studies
on the air pollutants and MS are inconsistent. For example, in a retrospective study of monthly MS recurrence data from high-risk areas of MS in
southwestern Finland from 1985 to 1999, PM10, acidic gases and CO was signi cantly correlated with MS relapse (Oikonen et al. 2003). A study of MS
cases from 2003 to 2013 in Tehran, Iran also showed that PM10, SO2, NO2 and NOx exposure of MS cases was signi cantly different from control
(Heydarpour et al. 2014). But some other studies revealed that no signi cant association was found based on the current research data (Bai L et al. 2018;
Yuchi et al. 2020; Jeanjean et al. 2018). Thus, it is quite important to understand the effect of environmental pollutants to MS. It will help studying the
mechanism of disease, determining the correlation between air pollutant exposure, incidence and clinical expression. And it will provide possible targets
for the prevention and treatment of MS disease, and provide reference for setting air pollutant standards, which is of signi cance for the formulation of
public health policy.
Recent reviews have focused on studies of air pollutants and the risk of development of MS, but as far as our information goes, no research has metaanalyzed this important eld. Our research attempt to quantitatively synthesize the available epidemiological evidence and analyze the pooled effect of
air pollutants on MS.

Materials And Methods
Publication Retrieval
The research literature was summarized through the electronic retrieval of the literature database and the review of the bibliography of all correlative
papers. Cochrane Library, Web of Science and PubMed databases were used for systematic literature retrieval. We collected the literature up to August
18, 2020. The keywords were put into use as follow: (“air pollution” OR “particulate” OR “ ne particle” OR “inhalable particle” OR “PM10” OR “ ne
particulate matter” OR “particulate matter” OR “PM2.5” OR “sulfur dioxide” OR “SO2” OR “nitrogen dioxide” OR “NO2” OR “carbon monoxide” OR “O3” OR
“ozone”) AND “multiple sclerosis”. The recruited data were not limited by race and country, and language was limited to English. Only full-text paper was
included in the analysis and meeting or conference abstracts were excluded.
Inclusion and Exclusion Criteria
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After removing duplicates, the titles and abstracts were screened independently by two investigators to evaluate whether they were eligible or potentially
eligible literature or not. Through browsing, we selected literature with research topics about air pollutants and MS, and obtained the full text as
potentially eligible articles for research purposes in order to further evaluate. If there were any differences between two investigators’ screening results,
differences would then be discussed together with a third investigator to meet an agreement. When dealing with the retrieved full text literature, we
considered a study should include in this meta-analysis if it met the criteria as follow: (a) the study used epidemiological studies including casecrossover design, cohort study or case-control study to study the connection between the risk of development of MS and ambient air pollutants (PM2.5,
PM10, PM2.5-10, CO, SO2, NO2, O3, NOx, et al.) (b) air pollution must be outdoor (ambient, including tra c-related), non-accidental exposure to outdoor
air pollutants did not meet inclusion criteria.
Literature was excluded if it met criteria below: (a) hypothesis, case reports, review articles, letter to editor comments, case reports, animal studies; (b)
studies available only in abstract form; (c) original papers did not report the risk estimate (hazard ratio (HR), relative risk (RR) or odds ratio (OR)) and 95%
con dence intervals (95%CI) with a quanti ed increment of pollutants exposure (ppb, ppm, μg/m3 or mg/m3)), or did not give proper data which can
calculate the OR, RR or HR and 95%CI. If there were different reports on the same study, we selected the latest one with a larger sample size. The ow
diagram of literature searching and selection process was presented in Figure 1.
Data extraction and quality evaluation
The data was extracted from eventually included studies independently by two investigators. The following information from the eligible articles were
extracted: rst author and published year, study region, study design, time of study period, population characteristic, MS characteristic, disease criteria for
MS, air pollution exposure, measurement of ambient air pollution exposure, reported fully adjusted effect size estimates (95% CI) and confounding
factors. In the event of discrepancies, decision was reached to an agreement by the third investigator. Considering air pollutant variables may highly
correlated, we extracted and integrated all the HRs, ORs, or RRs after adjusting for multiple confounding variables, and all the HRs, ORs, or RRs were
based on single-pollutant models to assess the risk of different air pollutants to MS.
Newcastle - Ottawa Quality Assessment Scale (NOS) was used for evaluating case-control and cohort studies included in our research, and standardized
quality assessment score was made (Wu et al. 2016).
Meta-analysis and statistical analysis
The effect estimates in each primary resource which was stated by authors as “fully adjusted covariates” were synthesized in our present study. Since
the incidence of MS in the population were low, we considered that ORs and RRs reported in the original papers can be approximately equivalent to HRs
(Cheng et al. 2019). Since the risk estimate (ORs, RRs and HRs) and their 95% CIs of the association between ambient air pollution and MS was
calculated with different pollutant concentrations increase, risk estimate were standardized to per 10 μg/m3 of PM2.5, PM2.5-10 and PM10 exposure, per
1 μg/m3 of C6H6 exposure, per 50 μg/m3 of CO exposure, and per 10 ppb of O3 and NO2 exposure. We converted original reported risk estimate such as
HRs to standardized HRs by using the formula:
HR(standardized) = HRincrement(standardized)/increment(original) original(Shah et al. 2013).
To evaluate heterogeneity across included studies, we used Cochrane Q test, the chi-square test. To estimate the degree of heterogeneity in this metaanalysis, we used the method (I2 = [(Q-df)/Q]×100%) (Huang et al. 2016). If the Q test result was P 0.05 or value of I2 50%, studies were considered to
have low heterogeneity and the xed-effect model would be chosen to apply. If the Q test result was P 0.05, studies were considered to have
heterogeneity. The value of I2 between 50% and 75%, over 75%, studies were considered to have moderate heterogeneity, highly heterogeneous,
respectively, and under these circumstances, the random-effect model would be used instead of the xed-effect model for further analysis. Begg’s test
and Egger’s linear regression test was put into use to estimate the potential publication bias. Sensitivity analysis was also performed by removing the
literature one by one in order to evaluate the stability and reliability of the studies. The Stata 12.0 software was utilized throughout all data analysis.
Research followed the recommendations of Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (Moher et al.
2010).

Results
Search Results and Literature Characteristics
In the current study, literature searching was conducted in Embase, Pubmed and the Cochrane library, and a total of 491 relevant studies were searched.
After removing copies (102), titles and abstracts were browsed for left 389 studies. 336 studies were excluded through preliminary screening. Next, 35
studies were selected for further screening, the reviews, letters and the original studies with data reported could not be used for analysis were excluded. 6
studies nally met the pre-set inclusion and exclusion criteria, and was brought into this meta-analysis (Bai L et al. 2018; Yuchi et al. 2020; Jeanjean et
al. 2018; Chen et al. 2017; Palacios et al. 2017; Angelici et al. 2016)
Among the 6 included studies, original data were sampled from 4 countries. They belong to Europe and North America. 4 studies were sampled from
North America (3 of them from Canada and 1 from US), 2 studies were sampled from Europe (France and Italy). Most studies contained more than one
kind of pollutant, including gaseous or particulate. There were 1 case-crossover study, 1 nested case-control study and 4 cohort studies. With the
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exception of one study, which lasted for four years, all the other studies lasted more than eight years, and some lasted longer. Details of the literature
characteristics were presented in Table 1, 2. Followed by literature quality evaluation scale, the Newcastle-Ottawa Scale (NOS), 5 studies clearly de ned
cases, one was unclear. In case-control studies, cases were collected continuously and representative, and cases and controls were comparable. In most
cohort studies, exposed cohort and non-exposed cohort were comparative. A standardized quality evaluation scores by NOS was shown in Table 1, Table
S1.
Relationship between air pollutants and MS
Results of the 6 included studies reporting the risk estimate of the association between air pollution and MS were quantitatively synthesized (4 on PM2.5,
5 on PM10, 2 on PM2.5-10, 4 on NO2, 2 on CO, 3 on O3, 2 on C6H6, and 2 on road proximity). All air pollutant data in studies included in our research
were quantitative data, and the converted data of MS risk synthesized for meta-analysis was shown in Table S2. From our analysis, PM10 was found to
be signi cantly associated with MS development, with the pooled effect size of HR (95%CI) per 10 μg/m3 exposure increase was 1.058 (1.050-1.066).
PM2.5, PM2.5-10, C6H6, CO, NO2, O3 and road proximity with distance from major road <50m were found no statistically signi cant effect on MS
development. The pooled effect size of HR (95%CI) of MS per 10 μg/m3 PM2.5 exposure increase was 0.977 (0.705-1.353). The pooled effect size of HR
(95%CI) of MS per 10 μg/m3 PM2.5-10 exposure increase was 1.035 (0.791-1.355). The pooled effect size of HR (95%CI) of MS per 1 μg/m3 C6H6
exposure increase was 1.006 (0.947-1.069). The pooled effect size of HR (95%CI) of MS per 50 μg/m3 CO exposure increase was 0.998 (0.951-1.047).
The pooled effect size of HR (95%CI) of MS per 10 ppb NO2 exposure increase was 1.014 (0.937-1.098). The pooled effect size of HR (95%CI) of MS per
10 ppb O3 exposure increase was 1.047 (0.952-1.151). And the pooled effect size of HR (95%CI) of MS living distance from major road <50m was 1.176
(0.838-1.649). The overall effect size of each pollutants on MS was illustrated in Figure 2, 3.
Sensitivity Analyses and Publication Bias
Generally, it was considered that funnel plot is not a reliable way to investigate publication bias under the circumstance that fewer than 10 studies were
included (Cheng et al. 2019). Thus, since our study included only 6 studies, we used Egger's test and Begg's test to evaluate publication bias for each
pollutant (Table 3). From the result of our analysis, there was no publication bias for any of the pollutants based on the statistical evidence.
A sensitivity analysis was used to evaluate the reliability of the pooled HRs in our present analysis. The stability of PM2.5 and PM10 was evaluated by
removing one study at a time considering the numbers of included studies. The pooled results of PM10 (HR=1.058, 95%CI: 1.050-1.066)) did not change
obviously when excluded the study conducted in Lombardy, Italy (Angelici et al. 2016) (HR= 1.039, 95%CI: 1.013-1.067), the study conducted in US
Nurses Health Study (NHS, NHS II) (Palacios et al. 2017) (HR= 1.058, 95%CI: 1.050-1.066), and the study conducted in Strasbourg, France (Jeanjean et al.
2018) (HR= 1.060, 95%CI: 1.051-1.069). In the sensitivity analysis of PM2.5, the pooled results of PM2.5 (HR=0.977, 95%CI: 0.705-1.353)) did not change
obviously when excluded the study conducted in Vancouver, Canada (Yuchi et al. 2020) (HR= 0.946, 95%CI: 0.731-1.225), the study conducted in Ontario,
Canada (Bai L et al. 2018) (HR= 1.058, 95%CI: 0.540-2.070), and the study conducted in US Nurses Health Study (NHS, NHS II) (Palacios et al. 2017)
(HR= 1.374, 95%CI: 0.388-4.868).

Discussion
For all we know, some articles have discussed the correlation between air pollutants and autoimmune diseases, such as systemic lupus erythematosus
(SLE) (Zhao et al. 2019; Jung et al.2019), rheumatoid arthritis (RA) (Alsaber et al. 2020; Di et al. 2019). Some studies have also conducted systematic
review and meta-analysis on air pollution and neurological diseases (Cheng et al. 2019; Fu et al. 2019). However, there was no literature meta-analysis
the association of air pollution exposure and MS. Our paper attempts to include 6 articles to analyze the effects of air pollutants on MS. Results from our
meta-analysis suggest that except that PM10 is related to MS, other pollutants are not related to the MS. The reason may be that the air pollutant level,
measurement time and exposure assessment methods were different during the study process, as well as the differences in related measurement
methods and established model differences.
The literature on MS included in the analysis were all from developed countries in Europe (Jeanjean et al. 2018; Angelici et al. 2016) and America (Bai L
et al. 2018; Yuchi et al. 2020; Chen et al. 2017; Palacios et al. 2017), which may bias the analysis to some extent due to differences in geography, climate
and air quality (Witkowska et al. 2016). With the support of more literature, the inclusion of more reliable analysis data from Asian countries and
underdeveloped regions will reduce the bias of poor results.
Except for the study region need to be discussed, the time lag effect has been taken into account in the extensive literature on the connection between
ambient pollutant exposure and disease. It suggested that there may be a time lag on association between exposure to pollution and causing reactions
in the body that affect the progression of the disease (Ritz et al. 2016; Hao et al. 2019). Among the literature on MS summarized in present research, two
studies (Jeanjean et al. 2018; Angelici et al. 2016) adopted time-lag model of pollutant exposure, and the rest included literature did not study it. So, in
our research, we did not analyze the time lag effect due to the limited number of studies, but we can not deny its potential role.
Considering the connection between air pollutants and autoimmune diseases, we realized that this could be affected by seasonal differences. In a study
included in our meta-analysis, it separately analyzed hot season and cold season pollutant model, and found the in uence of pollutants to autoimmune
diseases varied. In hot season, there is no connection between the pollutants in MS, but in cold season, conversely. The result is similar with a study on
COPD (Tsai et al. 2014). It could be observed that the effects of pollutants vary with the seasons. It may be related to the interaction of vegetation
coverage, air temperature and humidity in different seasons. From the perspective of seasonal changes, the overall order winter > autumn > spring >
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summer is observed for atmospheric pollution, and the temporal heterogeneity was signi cant (Sun et al. 2019; Vojinović et al. 2015). Previous studies
also shown that seasonal differences in MS were related to seasonal differences in ultraviolet radiation and vitamin D. Worse air pollution may affect the
spread of UVB in the surface layer and caused a sharp decline in the body's production of vitamin D (Watad et al. 2017; Gallagher et al. 2019; Pan et al.
2019). All in all, these suggested that when explore the association of MS and ambient air pollution, more attention need to pay to seasons and
meteorological factors in the future research. Several other risk factors, such as less sun exposure and viral infections also need to take into account.
This provides guidance for future research to study the risk factors and mechanism of MS.
In terms of data sources, some studies come from large cohorts, while others come from national insurance systems with a nationwide le, etc. Bias
may arise from differences in the sources of study population. Meanwhile, differences in the acquisition of pollutant exposure data and adoption of
pollutant models may also produce bias to some extent. Limited by methods using in original research, we used single-pollutant models to analyze the
effect size which could not consider adjustments for collinearity between pollutants and could not fully illustrate the connection of the disease and the
overall mixed pollution exposure. However, as the studies we included were all high-quality cohort or case-control studies, the analysis results were of
certain reference value in general.
Many studies found that worse air quality was associated with MS, but were not included in our current analysis due to the difference of statistical
processing. Cross-sectional studies conducted in Turkey found that the incidence of MS was higher in the city with an iron-and-steel factory than a
cleaner city in the same region (Börü et al. 2018; Börü et al. 2020). Similarly, a study also revealed mean annual PM2.5 levels was associated with MS
(Corona-Vázquez et al. 2019). A signi cant correlation was also found in a case-control study of factory exhaust emissions and MS (Lavery et al. 2018).
When considering the pediatric MS, a study found Ecological Quality Index (EQI) contributed to pediatric MS (Lavery et al. 2017). The air quality index
(AQI) data was found signi cantly associated with higher expanded disability status scale (EDSS) of MS patients (Ashtari et al. 2018). Earlier studies
also suggested that air pollutants may participate in the development of MS (Oikonen et al. 2003; Heydarpour et al. 2014; Gregory et al. 2008). On the
other hand, a study explored the relationship between environmental pollution and the aggravation of MS disease, using the increase in the dosage of
cortisol as an indicator to illustrate the possible role of air pollution to MS disease and was a new research approach (Faustini et al. 2018).
In our research, PM10 was found associated with the risk of MS. Many studies have attempted to study this correlation from the perspective of
molecular and immune mechanism. Particulate pollutant is a complex mixture of several harmful materials. For example, metal aluminum can induce
the production of in ammatory signals, disrupt the cellular metabolism, damage mitochondrial function and lead to oxidative stress. In addition,
aluminum have neurotoxicity which can lead to neurological impairment and promote the development of MS. Known as aryl hydrocarbon receptor
(AHR), PAHs and dioxins regulated pathological T cells of the central nervous system, and atmospheric particles may stimulate T cell differentiation,
aggravated the in ammatory immune response and autoimmune diseases (Segal Y et al. 2018; O'Driscoll et al. 2019). Exposure to particulate matter
could produce a dose-dependent proin ammatory cytokines, such a TNF-α, IL-6 and IL-12p40, and it could lead to a highly in ammatory response by
contacting to lipopolysaccharide (LPS) by activated macrophage (Gawda et al. 2018). And exposure to particulate matter had a strong effect on redox
biochemistry (Mikrut et al. 2018). Studies of the mechanism suggest that air pollutants have a potential role in the progression of MS disease, and
epidemiological studies are needed to obtain evidence.
Several shortcomings in our study need to be acknowledged. Firstly, the studies included in our analysis were all observational studies, thus, there may
be some bias existing. Secondly, due to the limitation of literature quantity, the amount of studies included in our analysis was small. It needs to update
when more research results about this title published articles.
Despite these limitations, this study has several advantages. Firstly, the study year span and sample size in our meta-analysis were both large, which
makes conclusions reliable. Secondly, we did not detect any publication bias, that is to say, the results we included may be unbiased, and the results of
the sensitivity analysis indicated that our ndings were stable. Thirdly, this is the rst meta-analysis of air pollutants with MS, which provide a relatively
credible conclusion and a direction for further research.

Conclusion
As a whole, from our current analysis, only PM10 is related to the risk of development of MS, while NO2, O3, CO and PM2.5 are not signi cantly
associated with MS. Restricted by the amount of literature, more research needs to be devoted to this topic to reveal the exact role of air pollutants in the
progression of MS.
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Tables
Table 1. Characteristics of the original literature about the connection between ambient air pollutants and MS.
First
author,
year

Region

Study
period

Study
design

Yuchi W,
2020

Vancouver,
Canada

1999.12003.12

Nested
casecontrol
study

Jeanjean
M, 2018

Strasbourg,
France

2000.1.1 2009.12.31

Bai L,
2018

Ontario,
Canada

Chen H,
2017

Palacios
N 2017

Number of
all cohort/
case-control
members

Multiple sclerosis cases
Number

Female
(%)

Mean age
(years)

Inclusion
criteria

Population Data
British
Columbia
provided
administrative
health data of
the Medical
Services Plan
which is a
mandatory
health
insurance
program

7 232

658

NA

NA

ICD-9 or
ICD-10

8

Casecrossover
study

The multiple
sclerosis
network
alSacEP based
in Alsace NorthEastern region

3 408
control days
from 424
patients

424

74.5

(30.5±10.0)

McDonalds'
MS criteria

8

2001.04.012013.12.31

Cohort
study

The ontario
population
health and
environment
cohort
(ONPHEC)

2 824 478

6 200

70.7

30.7 (6.0)

ICD-9CM or
ICD-10

9

Ontario,
Canada

2001.42012

Cohort
study

Ontario’s
Registered
Persons
Database, a
registry of all
residents who
have ever had
health
insurance.

4 372 720

9 247

50.2a

35.9 (8.7)a

NA

8

US

NHS:1988 2004.5.31

Cohort
study

The Nurses
Health Study
(NHS) and the
Nurses Health
Study II (NHS II)

NHS:121700

The
total is
NA

The total is
NA

McDonald
criteria

7

NHS
II:116671

NHS II:
408,
NHS:
117

Cohort
study

Hospitalizations
linked to MS
events occurred
in 107 hospitals
located in the
Lombardy, Italy

9 419 553

8 287

68.61

The total is
NA

ICD9-CM

7

NHS
II:19882007.5.31
Angelici
L, 2016

Lombardy,
Italy

2001 - 2009

Population
characteristics

NOS

ICD, International Classi cation of Diseases; NA, not available; a: Characteristics for multiple sclerosis cohort, the characteristics for multiple sclerosis
cases was not available;
Table 2 Exposure, reported fully adjusted estimate and covariate adjusted of the studies.
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First
author,
year

Exposure
pollutants

Exposure assessment

Exposure
estimate

Reported
fully
adjusted
estimates
(95% CI)

Covariates adjusted

Yuchi W,
2020

Road
proximity,
PM2.5,

Road proximity:using DMTI road
network with each person’s
residence (residential postal
code);
Air pollution: land-use regression
models;

PM2.5: OR=
1.25 (0.93,
1.70) per
1.72 μg/m3
increase

Age, sex income, education and comorbidities
including traumatic brain injury, diabetes,
hypertension, stroke, coronary heart disease,
congestive heart failure and arrhythmia

Black
carbon,

PM2.5 (µg/m3):
Median:4.1,
Maximum: 10.2
Minimum:0.6
IQR:1.5

NO2,

Noise: a noise prediction model;

NO,

Greenness: the satellite derived
Normalized Difference
Vegetation Index (NDVI)

Black carbon
(µg/m3):
Median:1.0,
Maximum: 5.0
Minimum:0
IQR:1.3

Black
carbon
(µg/m3):
OR= 0.93
(0.75, 1.15)
per 0.90
μg/m3
increase

Noise,
Greenness

NO2 (ppb):
Median:30.1,
Maximum: 57.6
Minimum:14.4
IQR:8.0
NO (ppb):
Median:29.6,
Maximum: 71.3
Minimum:11.0
IQR:14.5
Noise (Lden
dB(A)):
Median:60.3,
Maximum: 82.5
Minimum:36.2
IQR:5.4
Greenness
(NDVI):
Median:0.3,
Maximum: 0.5
Minimum:0.0
IQR:0.1

NO2 (ppb):
OR= 1.02
(0.78, 1.44)
per 8.70
ppb
NO (ppb):
OR= 0.85
(0.62, 1.16)
per 13.41
ppb
Noise: OR=
0.92 (0.82,
1.03) per
5.50 Lden
dB(A)
Greenness:
OR= 1.14
(1.00, 1.30)
per 0.12
NDVI
Major Road:
<50 m OR=
1.45 (1.06,
1.97)

Jeanjean
M, 2018

PM10,
NO2,
benzene
(C6H6),
O3,
CO

The deterministic ADMS-Urban
air dispersion model was used
considering different
parameters, namely background
pollution measurements,
emissions inventories,
meteorological data but also
land
use or surface roughness
(Atmospheric Dispersion
Modeling System)

Hot season (April
1st to September
30th):
PM10(µg/m3):
Mean:18.94,
Sd:6.78, Min:4.68,
Q1:13.88,
Median:17.97,
Q3:22.98,
Max:51.59
NO2 (µg/m3):
Mean:29.30 Sd:
11.66 Min: 4.06
Q1: 20.95
Median: 28.16
Q3:36.45 Max:
92.31
C6H6 (µg/m3):
Mean:1.10
Sd:0.59 Min: 0.14
Q1: 0.71 Median:
0.97 Q3: 1.34
Max:4.67
O3 (µg/m3):
Mean:86.85
Sd:30.89
Min:15.12
Q1:65.49
Median:83.44
Q3:105.20
Max:221.00
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Hot season
(April 1st to
September
30th):
PM10: OR=
1.04 (0.99–
1.09) per
9.1µg/m3 of
exposure;
NO2: OR=
1.01 (0.96–
1.07) per
15.5µg/m3
of exposure;
C6H6: OR=
0.98 (0.94–
1.02) per
0.63 µg/m3
of exposure;
CO: OR=
0.96 (0.90–
1.02) per
66.9µg/m3
of exposure;
O3: OR=
1.16 (1.07–
1.25) per
39.71
µg/m3 of
exposure;

time-varying confounders, meteorological
parameters (daily temperature, relative humidity
and atmospheric pressure), daily pollen counts,
Weekly in uenza-like case count, holidays, which
could potentially in uence industrial activities
and road tra c, as well as stress level, fatigue or
being at home or not.

CO (µg/m3):
Mean:577.7
Sd:58.54 Min:
501.9 Q1: 536.8
Median: 565.1
Q3: 603.7
Max:998.3
Cold season
(October 1st to
March 31th):
PM10 (µg/m3):
Mean:23.70
Sd:12.69
Min:2.55.
Q1:14.52
Median:21.59
Q3:30.12
Max:101.50
NO2 (µg/m3):
Mean: 38.66
Sd:13.90
Min:3.32
Q1:28.88
Median:38.60 Q3:
48.02 Max. 95.90
C6H6 (µg/m3):
Mean:2.23
Sd:1.24 Min:0.19
Q1:1.33
Median:2.02
Q3:2.91
Max:10.58
O3 (µg/m3):
Mean:37.26
Sd:20.19
Min:2.44
Q1:20.47
Median:35.66
Q3:51.45
Max:107.20

Cold
season
(October 1st
to March
31th):
PM10: OR=
1.06 (1.01–
1.11) per
15.6 µg/m3
of exposure;
NO2: OR=
1.08 (1.03–
1.14) per
19.14
µg/m3 of
exposure;
C6H6: OR=
1.05 (1.00–
1.10) per
1.58µg/m3
of exposure;
CO: OR=
1.04 (0.98–
1.10) per
101.4µg/m3
of exposure;
O3: OR=
0.96 (0.90–
1.03) per
30.98µg/m3
of exposure;

CO (µg/m3):
Mean:608.1
Sd:84.26 Min:
502.7 Q1:546.4
Median:585.9
Q3:647.8
Max:1175.0
Bai L,
2018

PM2.5,
NO2,
O3

PM2.5: satellite retrievals of
aerosol optical depth, using
global atmospheric chemistry
transport model;
NO2: national land-use
regression model;
O3: Canadian and hemispheric
regional ozone and NOx system
model

PM 2.5 (µg/m3):
Mean:9.6, Sd: 2.7,
Median: 9.7,
Maximum:
64.7,Minimum:1.0
IQR:3.8
NO2 (ppb):
Mean:14.8,
Sd:7.5,
Median:13.7,
Maximum: 65.3
Minimum:1.0
IQR:11.6
O3 (ppb):
Mean:47.1,
Sd:4.3,
Median:47.7,
Maximum: 67.8
Minimum:14.0
IQR:6.0

PM2.5: HR=
0.96 (0.86–
1.07) per
3.8 µg/m3
of exposure
NO2: HR=
0.91 (0.81–
1.02) per
11.6 ppb of
exposure

age, sex, income, education, unemployment rate,
percentage of recent immigrants, population size
of participants’ home community, the density of
physician, the month of birth and selected
comorbidities, including infectious
mononucleosis, traumatic brain injury, diabetes,
and hypertension

O3: HR=
1.09 (0.98–
1.23) per
6.0 ppb of
exposure

Chen H,
2017

Road
proximity

Based on 6-character postalcode addresses in 1996, 5 years
before cohort inception

NA

Major Road:
<50 m: HR=
1.02 (0.951.09)

Age, sex, history of diabetes, hypertension,
coronary heart disease, stroke, congestive heart
failure, arrhythmia, and traumatic brain injury,
income quintile, urban/ rural indicator, census
division-level, unemployment rate, education,
recent immigrants

Palacios
N, 2017

PM2.5

Generalized additive models
were developed to estimate
exposure for all residential

NHS II:

NHS II:

Age, calendar period, smoking status, pack years
smoking, body mass index

PM10
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PM2.5-10

addresses using monthly
average PM10 data from
USEPA's Air Quality System
(AQS)

PM2.5: Q1
Range:1.4–12.1
Q2 Range:12.1–
14.0 Q3
Range:14.0–15.7
Q4 Range:15.7–
17.4 Q5
Range:17.4–74.6
The distributions
of baseline
characteristics
across quintiles
of
PM 10 and
PM2.5-10 were
similar to that for
PM 2.5.

PM10

Obtained from the Regional
Environmental Protection
Agency (ARPA Lombardia)
recordings of daily air pollution
data measured from 2001-2009
by monitors located at 53
different sites throughout
Lombardy

PM2.5-10:
HR= 1.07
(0.80-1.43)
per 10
μg/m3
increase
NHS:

PM2.5: Q1
Range:0.8–11.9
Q2 Range:11.9–
13.8 Q3
Range:13.8–15.7
Q4 Range:15.7–
17.6 Q5
Range:17.6–61.3

PM10: HR=
0.80 (0.511.27) per 10
μg/m3
increase

PM 10 and
PM2.5-10 were
similar to that for
PM 2.5.
PM10 (µg/m3):
Min:1.67 p25:22.6
Mean:42.48
Std:28.6 p75:54.6
Max:301.19

(BMI) at age 18, population density, region, tractlevel household income, latitude tier at age 15:
and state-level measures of UV index, median
household income

PM2.5: HR=
1.15 (0.791.66) per 10
μg/m3
increase

NHS:

The distributions
of baseline
characteristics
across quintiles
of

Angelici
L, 2016

PM10: HR=
1.08 (0.891.33) per 10
μg/m3
increase

PM2.5: HR=
0.59 (0.261.33) per 10
μg/m3
increase
PM2.5-10:
HR= 0.85
(0.42-1.74)
per 10
μg/m3
increase
PM10:
RRa=1.36
(1.3-1.42)
per 52.93
µg/m3 of
exposure

day of the week on the date of admission
(from Monday to Saturday), season, day-off,
resident population in each area and with spline
smoothers of temperature and time trend

a: The maximum effect of PM10 on MS hospitalization which was found for exposure between days 0 and 7 was selected in our research.
Table 3. Publication bias analysis of each pollutants with MS.
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Source

Jeanjean M, 2018 (H)

Air pollution

Heterogeneity test

Egger's test

Begg's test

I2 (%)

P value

Egger’s bias

P value

Begg's z

P value

PM10

0.0%

0.492

-0.77

0.173

-0.49

0.624

PM2.5

36.3%

0.194

0.67

0.691

0.68

0.497

PM2.5-10

0.0%

0.557

-1.07

NA

-1.00

0.317

Benzene (C6H6)

66.4%

0.084

-3.56

NA

-1.00

0.317

CO

68.6%

0.074

-5.34

NA

-1.00

0.317

NO2

64.9%

0.036

-1.52

0.530

-0.68

0.497

O3

84.3%

0.002

1.06

0.855

-0.52

0.602

Road proximity

78.8%

0.030

2.86

NA

1.00

0.317

Jeanjean M, 2018 (C)
Palacios N, 2017a
Palacios N, 2017b
Angelici L, 2016
Yuchi W, 2020
Bai L, 2018
Palacios N, 2017a
Palacios N, 2017b
Palacios N, 2017a
Palacios N, 2017b
Jeanjean M, 2018 (H)
Jeanjean M, 2018 (C)
Jeanjean M, 2018 (H)
Jeanjean M, 2018 (C)
Yuchi W, 2020
Jeanjean M, 2018 (H)
Jeanjean M, 2018 (C)
Bai L, 2018
Jeanjean M, 2018 (H)
Jeanjean M, 2018 (C)
Bai L, 2018
Yuchi W, 2020
Chen H, 2017
a: NHS II, Nurses’ health study II; b: NHS, Nurses’ health study; H: hot season; C: cold season
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