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ABSTRACT
Introduction Chronic kidney disease is a serious and 
a frequent disease associated with a high risk of morbi- 
mortality. Although several risk factors have already been 
well addressed, mostly diabetes and hypertension, many 
remain underappreciated, such as chronic exposure to air 
pollution.
Methods and analysis We will search EMBASE, PubMed, 
Web of Science, Cochrane Library and CINAHL database, 
from inception to 31 March 2020, for relevant records 
using a combination of keywords related to the type 
of exposure (ozone, carbon monoxide, nitrogen oxides 
and dioxide, sulfur dioxide, PM

2.5, PMcoarse and PM10) and 
to the type of outcome (chronic kidney disease, end- 
stage renal/kidney disease, kidney failure, proteinuria/
albuminuria, renal function, renal transplant, kidney graft, 
kidney transplant failure, nephrotic syndrome and kidney 
cancer). The review will be reported according to the 
guidelines of the Meta- analysis Of Observational Studies 
in Epidemiology. Two independent reviewers will select 
studies without design or language restrictions, using 
original data and investigating the association between 
exposure to one or more of the prespecified air pollutants 
and subsequent risk of renal outcomes. Using random- 
effects meta- analyses, we will present pooled summary 
statistics (HR, OR or beta- coefficients with their respective 
95% CI) associated with a standardised increase in 
each pollutant level. The results will be presented by air 
pollutant and outcome. Heterogeneity will be assessed 
using the χ2 test on Cochran’s Q statistic and quantified 
by calculating I2. The Egger’s test and visual inspection of 
funnel plots will be used to assess publication bias.
Ethics and dissemination Since primary data are not 
collected in this study, ethical approval is not required. 
This review is expected to provide relevant data on the 
associations between various air pollutants’ exposure and 
renal outcomes. The final report will be published in an 
international peer- reviewed journal.
PROSPERO registration number CRD42020187956.

INTRODUCTION
Chronic kidney disease (CKD), defined 
according to the KDIGO (Kidney Disease: 
Improving Global Outcomes) as at least 3 
months of either reduced glomerular filtra-
tion rate (<60 mL/min/1.73 m2) or evidence 
of kidney damage such as albuminuria or 
abnormal pathology,1 2 affects around 10% 

of the world’s population.3 4 This represents 
a serious illness, fraught with a significant risk 
of cardiovascular events, hospitalisations and 
mortality,5 generating at the same time signif-
icant costs to the society. Mortality attributed 
to CKD worldwide is constantly increasing, 
the Global Burden of Disease having noted 
an up to 30% inflation since 2005.6 The main 
risk factors for this pathology are represented 
by diabetes and hypertension, and constitute 
almost 50% of the responsible aetiologies.7–10 
Nevertheless, there seems to be a discrep-
ancy between the evolving trends of these 
risk factors and the steadily increasing global 
burden of CKD, suggesting that there are 
other unexplored causes contributing to the 
increase of the disease worldwide.11–13

Among these unappreciated factors, envi-
ronmental factors seem to have drawn more 
and more attention in the last decade,12 14–17 
air pollution having even been recognised as 
one of the leading causes of global disease 
burden.18 19 Since the discovery of kidney 
damage induced by the inhalation of diesel 
in rodent models, the association between air 
pollution and renal outcomes has become 
a trendy area of research.20–22 Air pollution 

Strengths and limitations of this study

 ► This will be the first exhaustive systematic review 
summarising data on the association between var-
ious types of air pollutants and multiple renal out-
comes, including chronic kidney disease, end- stage 
renal disease, renal function, proteinuria, nephrotic 
syndrome, kidney graft failure and kidney cancer.

 ► Rigorous methods and robust statistical analysis will 
be used to minimise bias and provide accurate data.

 ► No study design or language restriction will be 
applied, hence allowing inclusion of the maximum 
number of studies in this review.

 ► Multiple sources of heterogeneity between stud-
ies (regarding nature and assessment method for 
air pollutant exposure, study design and popula-
tion characteristics) may represent an important 
shortcoming.
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corresponds to a complex mixture of gaseous components 
and air- suspended solid/liquid particles, due to a large 
variety of sources: from particulate matter mostly traffic- 
related, to gaseous pollutants such as nitrogen oxides, 
sulfur oxides, ozone and carbon monoxide issued from 
industrial production and road traffic.15 23–26 Although 
there are a few epidemiological data on the association 
between these pollutants and renal outcomes, these data 
remain very scarce.14 16 17 Moreover, the two recent reviews 
have mainly focused on the link between CKD incidence 
and chronic exposure to particulate matter.16 17 Multiple 
sources of methodological disparities have been noticed 
between these studies, with regard to the nature and the 
assessment method of exposure, as well as the type and 
definition of the studied outcomes, making any synthesis 
really challenging.

Through this systematic review and meta- analysis, 
we will attempt to exhaustively summarise the current 
evidence on the association between main air pollutant’s 
exposure and various renal outcomes, including CKD, 
renal function biomarkers, kidney transplant failure and 
renal parenchyma neoplasm.

Review question
What is the impact of common air pollutants on various 
renal outcomes?

Objectives
This systematic review and meta- analysis aims at deter-
mining the association between various types of air pollut-
ants (PM2.5, PM10, PMcoarse, Nitrite Oxide (NOx), Nitrite 
Dioxide (NO2), Sulfur Dioxide (SO2), Ozone (O3), 
Carbon oxide (CO)) and the following:

 ► Risk of CKD (prevalence and incidence).
 ► Risk of end- stage renal disease (ESRD).
 ► Renal function decline (based on estimated glomer-

ular filtration rate, eGFR).
 ► Risk of proteinuria/albuminuria development.
 ► Risk of nephrotic syndrome.
 ► Risk of kidney transplant failure.
 ► Risk of kidney cancer.

METHODS AND ANALYSIS
This systematic review and meta- analysis will be reported 
in conformity with the guidelines of the Meta- analysis Of 
Observational Studies in Epidemiology.27 The Preferred 
Reporting Items for Systematic Review and Meta- Analysis 
Protocols (PRISMA- P) was used to report this protocol.28 
The PRISMA- P checklist is attached as online supple-
mental file 1.

Criteria for considering studies for the review
 ► Population: all studies in human beings which present 

original data and are published in full text or meeting 
abstract will be eligible for inclusion, with no restric-
tions on study design, publication date, language 
or ethnicity. We will exclude animal studies, ex vivo 
and toxicological studies, commentaries and edito-
rials, case reports, and studies with no original data. 

If a citation lacks enough quantitative data and these 
essential data cannot be obtained from the corre-
sponding author, the study will be excluded.

 ► Exposure will be defined as any method of air pollutant 
exposure measurement, including assessments of 
pollutant concentration by monitoring stations, use 
of satellite- based or land- use regression models, and 
use of indicators of long- term traffic exposure.25 29–31

 ► Comparator: Because air pollutant exposure is often 
presented as a continuous level regarding a specific 
population study, there will not be any comparator 
group. The generated effect will be expressed for an 
appropriate standardised increase of air pollutant 
exposure (eg, per 10 µg/m3 increase of PM2.5 expo-
sure level).

 ► Renal outcomes, including CKD, ESRD, proteinuria, 
renal function, nephrotic syndrome, kidney graft 
failure and kidney cancer, will be defined on respec-
tive International Classification of Diseases (ICD) 
diagnosis codes (detailed list in online supplemental 
file 2)32 or clinically confirmed diagnosis. CKD will be 
mainly defined as an eGFR <60 mL/min/1.73 m2 for 
at least 3 months, ESRD as the need for renal replace-
ment therapy (dialysis or kidney transplantation), 
proteinuria as urinary protein level >0.5 g/24 hours 
or urinary protein to creatinine ratio >0.5/g, albu-
minuria as urinary albumin level >30 mg/24 hours 
or urinary albumin to creatinine ratio >30 mg/g, and 
kidney transplant failure as the need to return on renal 
replacement therapy after kidney transplantation.1

Search strategy for identifying relevant studies
The search strategy will be conducted as follows.

Bibliographic database searches
Relevant records will be identified by searching EMBASE, 
PubMed, Web of Science, Cochrane Library and CINAHL 
database, from inception to 31 March 2020. We will use 
a combination of keywords related to the type of expo-
sure (‘air pollution’, ‘air pollutants’, ‘ozone’, ‘carbon 
monoxide’, ‘sulfur dioxide’, ‘nitrogen dioxide’, ‘partic-
ulate matter’, ‘PM2.5’, ‘PMcoarse’ and ‘PM10’) and to the 
type of outcome (‘chronic kidney disease’, ‘end- stage 
renal/kidney disease’, ‘kidney failure’, ‘renal function’, 
‘proteinuria’, ‘albuminuria’, ‘renal transplant’, ‘kidney 
graft’, ‘kidney graft failure’, ‘nephrotic syndrome’ and 
‘kidney cancer’). Online supplemental file 3 shows the 
full search strategy for EMBASE that will be adapted to 
fit with other databases. No language restriction will be 
applied. For articles published in a language other than 
English and French, an experienced translator in the 
concerned language will be contacted for translation.

Searching for other sources
We will scan the references of all relevant articles for addi-
tional relevant data sources missed during our search and 
their full texts will be retrieved. References of pertinent 
reviews will also be scanned.
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Selection of studies for inclusion in the review
All references identified after implementation of the 
search strategy will be imported to the Zotero software. 
All records obtained from various databases will be 
combined in a single Zotero library and duplicates will be 
removed. Two reviewers (AH and AC) will independently 
evaluate the studies obtained from the searches using 
an assessment form to ensure that the selection criteria 
are reliably applied. These reviewers will screen the titles 
and abstracts of the papers obtained, after which the full 
texts of potentially eligible papers will be retrieved by 
one reviewer (AH). The two reviewers will independently 
review the full text of each potentially eligible study, 
compare their results and resolve any discrepancy by 
discussion. For duplicates, or studies published in more 
than one report, the one reporting the largest sample 
size will be considered. Studies with inaccessible full text 
either online or from the corresponding author will be 
excluded.

Assessment of methodological quality and reporting of data
The Newcastle- Ottawa Scale, with some modifications, 
has been adapted to judge study quality, according to vali-
dated scales in previous studies and the Cochrane Collab-
oration.33–35 Two independent reviewers will assess each 
study for potential biases on four major components, 
namely exposure assessment bias, detection bias, selec-
tion bias and adjustment for confounders. For exposure 
assessment bias, we will deem studies using less than three 
fixed- site monitors to assign participant air pollutant 
exposure levels as having a high risk of exposure assess-
ment bias, studies using three or more as having moderate 
risk, and studies using personal exposure or atmospheric 
modelling as having low risk. We will also regard studies as 
having a high risk of exposure assessment bias if they were 
done before 1980 because insufficient technological and 
methodological precision in measuring and assigning 
particulate matter exposure was available during that 
period. We will deem studies with health outcomes not 
based on ICD-10 diagnosis codes or clinically confirmed 
outcomes to have a high risk of detection bias and studies 
with unrepresentative study populations to have a high 
risk of selection bias. We will also regard studies that 
did not adjust for at least three of the following main 
confounders—long- term trends, seasonality, weather, 
population characteristics and lifestyle factors (such as 
smoking status, diabetes or body mass index)—as having 
a high risk of bias. After considering all four domains in 
the overall assessment, the risk of bias will be classified 
as ‘low’, ‘moderate’, ‘high’ or ‘uncertain’. The detailed 
criteria for the methodological quality assessment are 
summarised in online supplemental file 4.

Data extraction and management
A data extraction form will be used to collect information 
on the surname of the first author, year of publication, 
country where the study was conducted, study design, 
study area (rural, urban), research period, sampling 

method, timing of data collection, population setting 
(general population, hospitalised patients), nature and 
definition of studied outcomes, assessment method of 
air pollutant exposure, mean or median age, propor-
tion of men, ethnicity, other specific characteristics 
of the study population (such as proportions of active 
smoking, diabetes, obesity or cardiovascular comorbidi-
ties), sample size, crude and adjusted estimates (OR, HR 
and beta- coefficients) for the association between each 
air pollutant and the prespecified outcomes of interest, 
as well as adjustment factors included in multivariate 
analyses. We will exclude studies in which relevant data 
are impossible to extract even after contacting the corre-
sponding author.

Data synthesis and analysis
Due to the expected heterogeneity in both pollutant and 
population characteristics resulting from differing study 
designs, we will pool crude and adjusted estimates using 
the random- effects method of DerSimonian and Laird, 
incorporating both between- study and within- study varia-
tion.36 We will present pooled summary statistics as the risk 
ratio (OR or HR, when appropriate) (binary outcomes) 
or beta- coefficient (continuous outcome) associated with 
a standardised increase in air pollutant levels, assuming 
that most studies have verified the linearity assumption.37 
We will choose the levels of exposure that will be used 
most frequently for each studied pollutant. If the incre-
ment in pollutant concentration is not equivalent to the 
chosen one, standardised risk estimates will be calculated 
using the following formula: OR(standardised)=ORincrement 

(10)/increment (original) (the same formula will be applied to 
standardise HRs and beta- coefficients). All pooled esti-
mates will be pooled by pollutant and renal outcome and 
reported with 95% CI. Given the potential study design 
heterogeneity, the results will be stratified by the nature of 
included studies: on the one hand the results from cross- 
sectional studies and on the other hand those from longi-
tudinal studies. Regarding CKD outcome, for example, 
the results will be presented according to whether these 
are prevalence (summarised as OR (95% CI)) or inci-
dence data (summarised as HR (95% CI)). One study esti-
mate will be included per city for the same study period 
to ensure results will not be biased by multiple inclusions 
of one city data. Where duplicate cities will be presented 
for the same study period, we will select one estimate for 
meta- analysis by prioritising multicity designs because of 
their standardised and often higher quality methodolo-
gies, and then if duplicates are still present selecting the 
study with the lower risk of exposure assessment bias. As 
a sensitivity analysis, we will also pool the fully adjusted 
estimates using a fixed- effects method.

Heterogeneity will be assessed using the χ2 test on 
Cochran’s Q statistic and quantified by calculating I2.38 I2 
values of 25%, 50% and 75% will, respectively, represent 
low, medium and high heterogeneity. We will assess the 
presence of publication bias using funnel plots inspection 
(if ≥10 studies) and Egger’s test (if ≥3 studies).39 When 
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they will be enough data, meta- regression and subgroup 
analyses will be performed to investigate any possible 
sources of heterogeneity using the aforementioned vari-
ables and the study quality. In case of substantial clinical 
heterogeneity or insufficient data, a narrative summary of 
findings will also be done. Counterenhanced funnel plot 
(if ≥10 studies) and Harbord test (if ≥3 studies) will be 
used to assess the presence of publication bias.40

The inter- rater agreement for study inclusion between 
investigators will be assessed using Cohen’s κ coefficient.41 
Data analyses will be done using the ‘meta’ package of the 
R V.3.6.2 statistical software.

Presentation and reporting of results
The study selection process will be summarised using 
a flow diagram. Quantitative data will be presented in 
tables of individual studies and in summary tables, or 
forest plots where appropriate. The quality scores of bias 
for each eligible study will be reported accordingly.

Patient and public involvement
Patients and the public will not be involved in the design 
or planning of the study.

Potential amendments
We do not plan to modify the protocol to avoid reporting 
bias. However, if necessary, any amendment in the review 
process will be reported for transparency.

Ethics and dissemination
Since primary data will not be collected in this study, 
ethical approval is not required. This review is expected 
to provide accurate data on the association between air 
pollution and various renal outcomes. The final report 
will be published in an international peer- reviewed 
journal.

Review status
Preliminary searches.
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