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Figure S1. Risk ratio (RR) of childhood leukemia from indicators of traffic exposure for all 
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at diagnosis (C); by region/continent (D). The area of each gray square is proportional to the 
inverse of the variance of the estimated log RR. Black diamonds represent point estimates of RR 
and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds represent 
the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 

Figure S2. Risk ratio (RR) of childhood leukemia and leukemia subtype from benzene exposure 
for all children: all studies (A); by leukemia subtype (B); by exposure window, i.e. residence at 
birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is proportional to 
the inverse of the variance of the estimated log RR. Black diamonds represent point estimates of 
RR and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds 
represent the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 

Figure S3. Risk ratio (RR) of childhood leukemia and leukemia subtype from air NO2 exposure 
for all children: all studies (A); by leukemia subtype (B); by exposure window, i.e. residence at 
birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is proportional to 
the inverse of the variance of the estimated log RR. Black diamonds represent point estimates of 
RR and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds 
represent the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 

Figure S4. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM2.5) for all children: all studies (A); by leukemia subtype (B); by exposure 
window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray 
square is proportional to the inverse of the variance of the estimated log RR. Black diamonds 
represent point estimates of RR and horizontal lines represent their 95% confidence intervals 
(CIs). The open diamonds represent the combined RR for each subgroup and the overall RR for 
all studies. The solid line represents RR=1. The dash line represents the point estimate of overall 
RR for all studies. 

 

 

 



Figure S5. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM10) for all children: all studies (A); by leukemia subtype (B); by exposure 
window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray 
square is proportional to the inverse of the variance of the estimated log RR. Black diamonds 
represent point estimates of RR and horizontal lines represent their 95% confidence intervals 
(CIs). The open diamonds represent the combined RR for each subgroup and the overall RR for 
all studies. The solid line represents RR=1. The dash line represents the point estimate of overall 
RR for all studies. 

Figure S6. Risk ratio (RR) of childhood leukemia and leukemia subtype from 1,3-butadiene 
exposure for all children (all pre-school, i.e. <6 years): all studies (A); by leukemia subtype (B); 
by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area 
of each gray square is proportional to the inverse of the variance of the estimated log RR. Black 
diamonds represent point estimates of RR and horizontal lines represent their 95% confidence 
intervals (CIs). The open diamonds represent the combined RR for each subgroup and the overall 
RR for all studies. The solid line represents RR=1. The dash line represents the point estimate of 
overall RR for all studies. 

Figure S7. Risk ratio (RR) of childhood leukemia from indicators of traffic exposure restricted to 
pre-school children: all studies (A); by leukemia subtype (B); by exposure window, i.e. residence 
at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is proportional 
to the inverse of the variance of the estimated log RR. Black diamonds represent point estimates 
of RR and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds 
represent the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 

Figure S8. Risk ratio (RR) of childhood leukemia and leukemia subtype from benzene exposure 
restricted to pre-school children: all studies (A); by leukemia subtype (B); by exposure window, 
i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The 
open diamonds represent the combined RR for each subgroup and the overall RR for all studies. 
The solid line represents RR=1. The dash line represents the point estimate of overall RR for all 
studies. 

Figure S9. Risk ratio (RR) of childhood leukemia and leukemia subtype from air NO2 exposure 
restricted to pre-school children: all studies (A); by leukemia subtype (B); by exposure window, 
i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The 
open diamonds represent the combined RR for each subgroup and the overall RR for all studies. 
The solid line represents RR=1. The dash line represents the point estimate of overall RR for all 
studies. 

 



Figure S10. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM2.5) restricted to pre-school children: all studies (A); by leukemia subtype 
(B); by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The 
area of each gray square is proportional to the inverse of the variance of the estimated log RR. 
Black diamonds represent point estimates of RR and horizontal lines represent their 95% 
confidence intervals (CIs). The open diamonds represent the combined RR for each subgroup and 
the overall RR for all studies. The solid line represents RR=1. The dash line represents the point 
estimate of overall RR for all studies. 

Figure S11. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM10) restricted to pre-school children: all studies (A); by leukemia subtype 
(B); by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The 
area of each gray square is proportional to the inverse of the variance of the estimated log RR. 
Black diamonds represent point estimates of RR and horizontal lines represent their 95% 
confidence intervals (CIs). The open diamonds represent the combined RR for each subgroup and 
the overall RR for all studies. The solid line represents RR=1. The dash line represents the point 
estimate of overall RR for all studies. 

Figure S12. Risk ratio (RR) of childhood leukemia from indicators of traffic exposure restricted 
to older (>6 years) children: all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The 
open diamonds represent the combined RR for each subgroup and the overall RR for all studies. 
The solid line represents RR=1. The dash line represents the point estimate of overall RR for all 
studies. 

Figure S13. Risk ratio (RR) of childhood leukemia and leukemia subtype from benzene exposure 
restricted to older (>6 years) children: all studies (A); by leukemia subtype (B); by exposure 
window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray 
square is proportional to the inverse of the variance of the estimated log RR. Black diamonds 
represent point estimates of RR and horizontal lines represent their 95% confidence intervals 
(CIs). The open diamonds represent the combined RR for each subgroup and the overall RR for 
all studies. The solid line represents RR=1. The dash line represents the point estimate of overall 
RR for all studies. 

Figure S14. Risk ratio (RR) of childhood leukemia from NO2 exposure restricted to older (>6 
years) children: all studies (A); by exposure window, i.e. residence at birth vs. at diagnosis (C); by 
region/continent (C). The area of each gray square is proportional to the inverse of the variance of 
the estimated log RR. Black diamonds represent point estimates of RR and horizontal lines 
represent their 95% confidence intervals (CIs). The open diamonds represent the combined RR 
for each subgroup and the overall RR for all studies. The solid line represents RR=1. The dash 
line represents the point estimate of overall RR for all studies. 

 



Figure S15. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM10) restricted to pre-school children: all studies (A); by leukemia subtype 
(B); by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The 
area of each gray square is proportional to the inverse of the variance of the estimated log RR. 
Black diamonds represent point estimates of RR and horizontal lines represent their 95% 
confidence intervals (CIs). The open diamonds represent the combined RR for each subgroup and 
the overall RR for all studies. The solid line represents RR=1. The dash line represents the point 
estimate of overall RR for all studies. 

Figure S16. Sensitivity analysis with summary estimate with 95% confidence interval (CI) of 
childhood leukemia from indicators of traffic exposure for all children after removal of single 
study result (leave-one-out analysis): all studies (A); by leukemia subtype (B); by exposure 
window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). Each given named 
study is omitted when computing the overall meta-analysis summary estimate. Hollow circles 
represent point estimates of RR and horizontal dotted lines represent their 95% confidence 
intervals (CIs). The solid lines represent the point estimate of overall RR for all studies with its 
95% CI. 

Figure S17. Sensitivity analysis with summary estimate with 95% confidence interval (CI) of 
childhood leukemia from benzene exposure for all children after removal of single study result 
(leave-one-out analysis): all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). Each given named study is omitted 
when computing the overall meta-analysis summary estimate. Hollow circles represent point 
estimates of RR and horizontal dotted lines represent their 95% confidence intervals (CIs). The 
solid lines represent the point estimate of overall RR for all studies with its 95% CI. 

Figure S18. Sensitivity analysis with summary estimate with 95% confidence interval (CI) of 
childhood leukemia from nitrogen dioxide exposure for all children after removal of single study 
result (leave-one-out analysis): all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). Each given named study is omitted 
when computing the overall meta-analysis summary estimate. Hollow circles represent point 
estimates of RR and horizontal dotted lines represent their 95% confidence intervals (CIs). The 
solid lines represent the point estimate of overall RR for all studies with its 95% CI. 

Figure S19. Sensitivity analysis entering a ±15% value instead of ±20 in the dose-response meta-
analysis of childhood leukemia risk from traffic indicators using vehicles per day count (A), road 
density in km/km2 (B), and distance from a major road in meters (C). Overall spline curve (black 
solid line) with 95% confidence limits (black dashed lines). RR: risk ratio. 

Figure S20. Sensitivity analysis entering a ±15% value instead of ±20 in the dose-response meta-
analysis of childhood leukemia risk from benzene exposure of all leukemia (A), acute 
lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). Overall spline curve 
(black solid line) with 95% confidence limits (black dashed lines). RR: risk ratio. 

 



Figure S21. Sensitivity analysis entering a ±15% value instead of ±20 in the dose-response meta-
analysis of childhood leukemia risk from nitrogen dioxide exposure of all leukemia (A), acute 
lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). Overall spline curve 
(black solid line) with 95% confidence limits (black dashed lines). RR: risk ratio. 

Figure S22. Funnel plots for publication bias for traffic density, benzene, nitrogen dioxide (NO2), 
particulate matter (PM2.5/PM10), and 1,3-butadiene indicators. Black diamonds represent studies 
included in each analysis, the x-axis indicates the study effect/results through its risk ratio (RR), 
and the y-axis indicates study precision through its standard error. The outer dashed lines indicate 
the triangular region within which 95% of studies are expected to lie in the absence of both biases 
and heterogeneity. The solid vertical line corresponds to overall summary RR from meta-analysis 
of included studies. 

Figure S23. Dose-response meta-analysis of childhood leukemia risk from traffic indicators using 
vehicles per day count (A), road density in km/km2 (B), and distance from a major road in meters 
(C). Overall spline curve (black solid line) with 95% confidence limits (black dashed lines) and 
the study-specific trends showing the influence of variation across studies (gray solid lines). RR: 
risk ratio. 

Figure S24. Dose-response meta-analysis of childhood leukemia risk from benzene exposure of 
all leukemia (A), acute lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). 
Overall spline curve (black solid line) with 95% confidence limits (black dashed lines) and the 
study-specific trends showing the influence of variation across studies (gray solid lines). RR: risk 
ratio. 

Figure S25. Dose-response meta-analysis of childhood leukemia risk from NO2 exposure of all 
leukemia (A), acute lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). 
Overall spline curve (black solid line) with 95% confidence limits (black dashed lines) and the 
study-specific trends showing the influence of variation across studies (gray solid lines). RR: risk 
ratio. 
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Table S1. Detailed PECOS statement used for identification of search strategies implemented on 
online databases.  

(A) PECOS
statement:

 Population: non-adult population aged less than 18 years, including infant, child and
adolescent population.

 Exposure: exposure to any type of traffic-related outdoor air pollutants emitted from
motorized vehicles, including benzene and derivatives, particulate matter, nitrogen
oxides. Any type of traffic exposure assessment was considered, including exposure
through air monitoring data, dispersion models based on motorized traffic, major roads
near the place of residence (assessed either using the distance of main/major roads
from subjects’ residence, or the density of major roads around subjects’ residence), or
number of cars or trucks on nearby roads (e.g. vehicle traffic count).

 Comparator: non-exposed or lower exposure subjects were considered the baseline
comparator for the highest versus lowest analysis. For the dose-response analysis,
continuous non-linear exposure from null exposure to highest reported exposure was
tested.

 Outcome: any type of acute childhood leukemia, overall leukemias and the main
subtypes, acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML).

 Study design: both case-control and cohort epidemiological studies were considered
eligible for the review.

PECOS research question: Among children, i.e. subjects aged less than 18 years (population) 
exposed to traffic-related air pollution, what is the effect of high exposure to outdoor 
pollutants (exposure) compared to the non-exposed or lower exposed subjects (comparator) 
in the same population on risk of childhood leukemia (outcome) evaluated in case-control 
and cohort epidemiological investigations (study design)? 

(B) Database Search strategy 

PubMed 
((air pollution[MH] NOT air pollution, indoor[MH]) OR traffic-related pollution[MH] OR 
particulate matter[MH] OR particulate matter[TIAB] OR particulate matter[OT] OR 
benzene[MH] OR (benzene derivatives[MH] AND air pollut*) OR benzene[TIAB] OR 
benzene[OT] OR nitrogen oxides[MH] OR nitrogen oxides[TIAB] OR nitrogen oxides[OT] OR 
motor vehicle[MH] OR vehicle emission[MH] OR motor vehicle[TIAB] OR vehicle 
emission[TIAB] OR motor vehicle[OT] OR vehicle emission[OT]) AND ((leukemia[MH] OR 
leukaemia[TIAB] OR leukemia[TIAB] OR childhood leukemia[TIAB]) AND (child[MH] OR 
infant[MH] OR adolescent[MH] OR child[TIAB] OR infant[TIAB] OR adolescent[TIAB] OR 
childhood[TIAB] OR children[TIAB])) NOT ((animals [MH] OR plants [MH]) NOT humans 
[MH]) NOT review[PT] 

Web of 
Science 

((((TS=(air pollution) OR TI=(air pollution) ) OR (TS=(traffic) OR TI=(traffic)) OR ( TS=(benzene) 
OR TI=(benzene) ) OR ( TS=(nitrogen oxides) OR TI=(nitrogen oxides)) OR ( TS=(particulate 
matter) OR TI=(particulate matter) ) OR (TS=(vehicle emission) OR TI=(vehicle emission)) ) 
AND ((TS=(leukemia) OR TI=(leukemia) OR TS=(leukaemia) OR TI=(leukaemia)) OR 
TI=(childhood leukemia) ) AND ( TS=(child OR infant OR adolescent) OR TI=(child OR infant 
OR adolescent)))) 

Embase 
('air pollution'/exp OR ‘traffic'/exp OR 'benzene'/exp OR 'nitrogen oxides'/exp OR 
'particulate matter'/exp OR 'vehicle emission'/exp) AND 'leukemia'/exp AND ('child'/exp OR 
'infant'/exp OR 'adolescent'/exp) AND 'human'/exp 



 

Table S2. Newcastle - Ottawa quality assessment scale for included studies: details used for study 
score assignment. High quality choices are identified with a ‘star’ (i.e. asterisk). A maximum of one 
‘star’ for each item within the ‘Selection’ and ‘Exposure/Outcome’ categories; maximum of two 
‘stars’ for ‘Comparability’ can be identified.  

(A) Newcastle - Ottawa quality assessment scale

Selection (for case-control studies) 
1) Is the case definition adequate?

a) yes, with independent validation*
b) yes, e.g., record linkage or based on self-

report
c) no description

2) Representativeness of the cases
a) consecutive or obviously representative

series of cases*
b) potential for selection biases or not stated

3) Selection of Controls
a) community controls*
b) hospital controls
c) no description or not representative of the

population
4) Definition of Controls

a) no history of disease (endpoint)*
b) no description of source

Selection (for cohort studies) 
1) Representativeness of the exposed cohort

a) truly representative of the average
children population in the community*

b) somewhat representative of the average
children population in the community

c) selected group of users, e.g. volunteers
d) no description of the derivation of the

cohort
2) Selection of the non-exposed cohort

a) drawn from the same community as the
exposed cohort*

b) drawn from a different source
c) no description of the derivation of the not

exposed cohort
3) Ascertainment of exposure

a) secure record (e.g. surgical records)*
b) structured interview*
c) written self-report
d) no description

4) Demonstration that outcome of interest was not
present at start of study

a) yes*
b) no

Comparability (both case-control and cohort studies) 
1) Comparability of cases and controls/cohorts on the
basis of the design or analysis: (yes/no answer)

- study controls for age (y*/n)
- study controls for socio-economic status (y*/n)

Exposure (for case-control studies) 
1) Ascertainment of exposure

a) secure record (e.g. surgical records)*
b) structured interview where blind to

case/control status*
c) interview not blinded to case/control status
d) written self-report or medical record only
e) no description

2) Same method of ascertainment for cases and
controls

a) yes*
b) no

3) Non-response rate
a) same rate for both groups*
b) non-respondents described
c) rate different and no designation

Outcome (for cohort studies) 
1) Assessment of outcome

a) independent blind assessment*
b) record linkage*
c) self-report
d) no description

2) Was follow-up long enough for outcomes to occur
a) yes (5 years of follow up period was considered

adequate for children diagnosed before 5, and
10 years if diagnosed before 15)*

b) no
3) Adequacy of follow up of cohorts

a) complete follow up accounted for 100% of
subjects*

b) subjects lost to follow up unlikely to introduce
bias – lost at follow-up ≤5%*

c) follow up rate <95% and no description of those
lost

d) no statement



 

Table S3. Newcastle - Ottawa quality assessment scale (NOS) for included studies: details of score 
assignment for each included study, divided according to case-control and cohort study design. S-1 
through S-4 correspond to the ‘Selection’ questions, C-1 and C-2 correspond to the ‘Comparability’ 
questions, E-1 through E-3 correspond to the ‘Exposure’ questions, and O-1 through O-3 
correspond to the ‘Outcome’ questions reported in Table S2. Letters stand for answers to each 
question reported in Table S2, and number in parenthesis indicate if the given answer identified a 
high (1) or low (0) quality rank. Total score is the sum of the score for each answer to the NOS 
scale. A high score indicates that the study is of high quality. 

Reference 
Selection Comparability Exposure/Outcome 

Total 
Score 

Case-control studies S-1 S-2 S-3 S-4 C-1 C-2 E-1 E-2 E-3

(Abdul Rahman et al. 2008) a (1) b (0) b (0) a (1) n (0) y (1) c (0) a (1) a (1) 5 

(Amigou et al. 2011) a (1) b (0) c (0) a (1) y (1) y (1) a (1) a (1) a (1) 7 

(Badaloni et al. 2013) a (1) b (0) c (0) a (1) y (1) y (1) c (0) a (1) a (1) 6 

(Crosignani et al. 2004) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Feychting et al. 1998) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Ghosh et al. 2013) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Harrison et al. 1999) a (1) a (1) b (0) a (1) n (0) n (0) a (1) a (1) a (1) 6 

(Heck et al. 2013) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Heck et al. 2014) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Houot et al. 2015) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Janitz et al. 2016) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Janitz et al. 2017) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Langholz et al. 2002) a (1) a (1) c (0) a (1) y (1) n (0) a (1) a (1) a (1) 7 

(Magnani et al. 2016) a (1) b (0) c (0) a (1) y (1) y (1) c (0) a (1) a (1) 6 

(Pearson et al. 2000) a (1) b (0) a (1) a (1) y (1) y (1) a (1) a (1) c (0) 7 

(Raaschou-Nielsen et al. 2001) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Raaschou-Nielsen et al. 2018) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Reynolds et al. 2001) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Reynolds et al. 2004) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Savitz and Feingold 1989) a (1) b (0) a (1) a (1) y (1) y (1) a (1) a (1) c (0) 7 

(Steffen et al. 2004) a (1) a (1) b (0) a (1) y (1) y (1) b (0) a (1) a (1) 7 

(Symanski et al. 2016) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Tamayo-Uria et al. 2018) a (1) a (1) a (1) a (1) y (1) y (1) a (1) b (0) a (1) 8 

(Vinceti et al. 2012) a (1) a (1) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 9 

(Von Behren et al. 2008) a (1) b (0) a (1) a (1) y (1) y (1) a (1) a (1) a (1) 8 

(Weng et al. 2008) a (1) b (0) a (1) a (1) y (1) n (0) a (1) a (1) a (1) 7 

Cohort studies S-1 S-2 S-3 S-4 C-1 C-2 O-1 O-2 O-3

(Lavigne et al. 2017) a (1) a (1) a (1) a (1) y (1) y (1) b (1) a (1) a (1) 9 

(Spycher et al. 2015) a (1) a (1) a (1) a (1) y (1) y (1) b (1) b (1) a (1) 9 

(Visser et al. 2004) a (1) a (1) a (1) a (1) y (1) n (0) b (1) a (1) a (1) 8 



 

Table S4. Summary risk ratios (RR) of childhood leukemia in the highest exposure category versus 
the lowest one for traffic density, benzene and nitrogen dioxide (NO2) exposure, for all studies and 
stratified by age at diagnosis, leukemia subtype, exposure timing, and region. Results of leave-one-
out sensitivity analysis of range of summary RR (‘min RR’ and ‘max RR’) investigating the influence 
of each individual study on the overall meta-analysis summary estimates. 

All children Pre-school children (<6 years) Children ≥ 6 years 

Indicator n RR 95% CI 
min 
RR 

max 
RR 

n RR 95% CI 
min 
RR 

max 
RR 

n RR 95% CI 
min 
RR 

max 
RR 

Traffic density 

All leukemia 16 1.09 (1.00, 1.20) 1.07 1.15 7 1.00 (0.93, 1.09) 0.98 1.03 3 1.05 (0.96, 1.15) 1.02 1.10 

Subtype 

ALL 9 1.05 (0.96, 1.16) 1.03 1.15 3 1.02 (0.99, 1.05) 1.01 1.02 1 1.00 (0.92, 1.09)  - - 

AML 5 1.09 (0.86, 1.38) 0.99 1.21 2 1.03 (0.77, 1.38) 0.89 1.20 1 1.25 (1.02, 1.53) - - 

Exposure timing 

At birth 5 0.98 (0.90, 1.06) 0.92 1.03 4 0.95 (0.85, 1.05) 0.89 1.00 1 1.15 (0.78, 1.70) - - 

At diagnosis 14 1.32 (1.12, 1.55) 1.25 1.41 3 1.27 (0.95, 1.71) 1.11 2.17 2 1.05 (0.94, 1.17) 1.01 1.11 

Region 

Asia 1 1.27 (0.51, 3.17) - - - - 

Europe 9 1.25 (1.05, 1.49) 1.18 1.36 3 1.05 (0.87, 1.25) 0.98 1.11 1 1.05 (0.95, 1.17) - - 

North America 6 1.02 (0.89, 1.16) 0.99 1.07 4 0.98 (0.84, 1.15) 0.96 1.05 2 1.09 (0.72, 1.64) 0.92 1.16 

Benzene  

All leukemia 7 1.27 (1.03, 1.56) 1.22 1.36 4 1.39 (1.03, 1.87) 1.22 1.66 2 1.08 (0.64, 1.82) 0.93 1.16 

Subtype 

ALL 7 1.09 (0.88, 1.36) 1.03 1.18 3 1.19 (1.00, 1.40) 1.17 1.38 1 0.69 (0.27, 1.78) - - 

AML 5 1.84 (1.31, 2.59) 1.76 1.56 2 3.21 (1.39, 7.42) 2.61 5.46 1 0.43 (0.04, 4.79) - - 

Exposure timing 

At birth 3 1.21 (1.04, 1.41) 1.19 1.38 3 1.22 (1.03, 1.43) 1.19 1.52 1 1.14 (0.63, 2.08) - - 

At diagnosis 4 1.36 (0.92, 2.00) 1.17 1.56 1 3.30 (1.03, 10.59) - - 1 0.90 (0.31, 2.60) - - 

Region 

Asia - - - 

Europe 4 1.36 (0.92, 2.00) 1.17 1.56 1 3.30 (1.03, 10.59) - - 1 0.90 (0.31, 2.60) - - 

North America 3 1.21 (1.04, 1.41) 1.19 1.38 3 1.22 (1.03, 1.43) 1.19 1.52 1 1.14 (0.63, 2.08) - - 

NO2  

All leukemia 8 1.04 (0.90, 1.19) 0.98 1.07 4 1.03 (0.90, 1.18) 0.98 1.06 1 0.89 (0.42, 1.89) - - 

Subtype 

ALL 4 1.02 (0.89, 1.18) 0.95 1.08 2 1.10 (0.92, 1.32) 1.02 1.23 - 

AML 4 0.97 (0.79, 1.19) 0.92 1.01 2 0.86 (0.60, 1.23) 0.71 0.95 - 

Exposure timing 

At birth 4 1.07 (0.96, 1.19) 1.02 1.12 4 1.03 (0.90, 1.18) 0.98 1.06 1 0.89 (0.42, 1.89) - - 

At diagnosis 4 1.17 (0.82, 1.67) 0.92 1.36 - - 

Region 

Asia 1 2.29 (1.44, 3.64) - - - - 

Europe 4 0.91 (0.82, 1.00) 090 0.94 1 0.79 (0.52, 1.20) - - - 

North America 3 1.06 (0.95, 1.18) 1.00 1.09 3 1.06 (0.94, 1.19) 1.01 1.10 1 0.89 (0.42, 1.89) - - 

Note: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; n, 
number of studies; RR, risk ratio. 



 

Table S5. Summary risk ratios (RR) for association of childhood leukemia with particulate matter 
(PM2.5/PM10) and 1,3-butadiene comparing the highest versus the lowest exposure categories for 
all studies, and stratified by age at diagnosis, leukemia subtype, exposure timing, and region. 
Results of leave-one-out sensitivity analysis of range of summary RR (‘min RR’ and ‘max RR’) 
investigating the influence of each individual study on the overall meta-analysis summary 
estimates. 

All children Pre-school children (<6 years) Children ≥ 6 years 

Indicator n RR 95% CI 
min 
RR 

max 
RR 

n RR 95% CI 
min 
RR 

max 
RR 

n RR 95% CI 
min 
RR 

max 
RR 

PM2.5  
All leukemia 3 1.05 (0.94, 1.16) 1.02 1.06 3 1.04 (0.94, 1.16) 1.01 1.06 - 
Subtype 

ALL 2 1.11 (0.95, 1.31) 1.10 1.20 2 1.11 (0.95, 1.31) 1.10 1.20 - 
AML 2 1.00 (0.87, 1.13) 0.85 1.03 2 1.00 (0.87, 1.13) 0.85 1.03 - 

Exposure timing 
At birth 3 1.05 (0.94, 1.16) 1.02 1.06 3 1.04 (0.94, 1.16) 1.01 1.06 - 
At diagnosis - - - 

Region 
Europe 1 1.00 (0.72, 1.39) - - 1 0.94 (0.62, 1.43) - - - 
North America 2 1.05 (0.94, 1.17) 1.02 1.07 2 1.05 (0.94, 1.17) 1.02 1.07 - 

PM10  
All leukemia 2 1.20 (0.70, 2.04) 1.00 1.80 2 1.09 (0.66, 1.80) 0.97 1.90 1 1.50 (0.48, 4.70) - - 
Subtype 

ALL 1 1.45 (0.73, 2.87) - - 1 1.50 (0.52, 4.33) - - 1 1.39 (0.54, 3.57) - - 
AML 1 1.30 (0.41, 4.14) - - 1 1.21 (0.18, 8.16) - - 1 1.18 (0.25, 5.56) - - 

Exposure timing 
At birth 1 1.00 (0.70, 1.42) - - 1 0.97 (0.62, 1.51) - - - 
At diagnosis 1 1.80 (0.82, 3.97) - - 1 1.90 (0.60, 6.01) - - 1 1.50 (0.48, 4.70) - - 

Region 
Europe 2 1.20 (0.70, 2.04) 1.00 1.80 2 1.09 (0.66, 1.80) 0.97 1.90 1 1.50 (0.48, 4.70) - - 
North America - - - 

1,3-butadiene  
All leukemia 2 1.45 (1.08, 1.95) 1.31 1.91 2 1.45 (1.08, 1.95) 1.31 1.91 - 
Subtype 

ALL 2 1.31 (1.11, 1.54) 1.28 1.73 2 1.31 (1.11, 1.54) 1.28 1.73 - 
AML 1 2.35 (1.02, 5.40) - - 1 2.35 (1.02, 5.40) - - - 

Exposure timing 
At birth 2 1.45 (1.08, 1.95) 1.31 1.91 2 1.45 (1.08, 1.95) 1.31 1.91 
At diagnosis - - 

Region 

Europe - - -  
North America 2 1.45 (1.08, 1.95) 1.31 1.91 2 1.45 (1.08, 1.95) 1.31 1.91 - 

Note: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CI, confidence interval; n, 
number of studies; RR, risk ratio. 



 

Figure S1. Risk ratio (RR) of childhood leukemia from indicators of traffic exposure for all children: 
all studies (A); by leukemia subtype (B); by exposure window, i.e. residence at birth vs. at diagnosis 
(C); by region/continent (D). The area of each gray square is proportional to the inverse of the 
variance of the estimated log RR. Black diamonds represent point estimates of RR and horizontal 
lines represent their 95% confidence intervals (CIs). The open diamonds represent the combined 
RR for each subgroup and the overall RR for all studies. The solid line represents RR=1. The dash 
line represents the point estimate of overall RR for all studies. 



 

Figure S2. Risk ratio (RR) of childhood leukemia and leukemia subtype from benzene exposure for 
all children: all studies (A); by leukemia subtype (B); by exposure window, i.e. residence at birth vs. 
at diagnosis (C); by region/continent (D). The area of each gray square is proportional to the 
inverse of the variance of the estimated log RR. Black diamonds represent point estimates of RR 
and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds represent 
the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S3. Risk ratio (RR) of childhood leukemia and leukemia subtype from air NO2 exposure for 
all children: all studies (A); by leukemia subtype (B); by exposure window, i.e. residence at birth vs. 
at diagnosis (C); by region/continent (D). The area of each gray square is proportional to the 
inverse of the variance of the estimated log RR. Black diamonds represent point estimates of RR 
and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds represent 
the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S4. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from particulate 
matter (PM2.5) for all children: all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The open 
diamonds represent the combined RR for each subgroup and the overall RR for all studies. The 
solid line represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S5. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from particulate 
matter (PM10) for all children: all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The open 
diamonds represent the combined RR for each subgroup and the overall RR for all studies. The 
solid line represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S6. Risk ratio (RR) of childhood leukemia and leukemia subtype from 1,3-butadiene 
exposure for all children (all pre-school, i.e. <6 years): all studies (A); by leukemia subtype (B); by 
exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of 
each gray square is proportional to the inverse of the variance of the estimated log RR. Black 
diamonds represent point estimates of RR and horizontal lines represent their 95% confidence 
intervals (CIs). The open diamonds represent the combined RR for each subgroup and the overall 
RR for all studies. The solid line represents RR=1. The dash line represents the point estimate of 
overall RR for all studies. 



 

Figure S7. Risk ratio (RR) of childhood leukemia from indicators of traffic exposure restricted to 
pre-school children: all studies (A); by leukemia subtype (B); by exposure window, i.e. residence at 
birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is proportional to 
the inverse of the variance of the estimated log RR. Black diamonds represent point estimates of 
RR and horizontal lines represent their 95% confidence intervals (CIs). The open diamonds 
represent the combined RR for each subgroup and the overall RR for all studies. The solid line 
represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S8. Risk ratio (RR) of childhood leukemia and leukemia subtype from benzene exposure 
restricted to pre-school children: all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The open 
diamonds represent the combined RR for each subgroup and the overall RR for all studies. The 
solid line represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S9. Risk ratio (RR) of childhood leukemia and leukemia subtype from air NO2 exposure 
restricted to pre-school children: all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The open 
diamonds represent the combined RR for each subgroup and the overall RR for all studies. The 
solid line represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S10. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM2.5) restricted to pre-school children: all studies (A); by leukemia subtype 
(B); by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The 
area of each gray square is proportional to the inverse of the variance of the estimated log RR. 
Black diamonds represent point estimates of RR and horizontal lines represent their 95% 
confidence intervals (CIs). The open diamonds represent the combined RR for each subgroup and 
the overall RR for all studies. The solid line represents RR=1. The dash line represents the point 
estimate of overall RR for all studies. 



 

Figure S11. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM10) restricted to pre-school children: all studies (A); by leukemia subtype (B); 
by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area 
of each gray square is proportional to the inverse of the variance of the estimated log RR. Black 
diamonds represent point estimates of RR and horizontal lines represent their 95% confidence 
intervals (CIs). The open diamonds represent the combined RR for each subgroup and the overall 
RR for all studies. The solid line represents RR=1. The dash line represents the point estimate of 
overall RR for all studies. 



 

Figure S12. Risk ratio (RR) of childhood leukemia from indicators of traffic exposure restricted to 
older (>6 years) children: all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray square is 
proportional to the inverse of the variance of the estimated log RR. Black diamonds represent 
point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). The open 
diamonds represent the combined RR for each subgroup and the overall RR for all studies. The 
solid line represents RR=1. The dash line represents the point estimate of overall RR for all studies. 



 

Figure S13. Risk ratio (RR) of childhood leukemia and leukemia subtype from benzene exposure 
restricted to older (>6 years) children: all studies (A); by leukemia subtype (B); by exposure 
window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area of each gray 
square is proportional to the inverse of the variance of the estimated log RR. Black diamonds 
represent point estimates of RR and horizontal lines represent their 95% confidence intervals (CIs). 
The open diamonds represent the combined RR for each subgroup and the overall RR for all 
studies. The solid line represents RR=1. The dash line represents the point estimate of overall RR 
for all studies. 



 

Figure S14. Risk ratio (RR) of childhood leukemia from NO2 exposure restricted to older (>6 years) 
children: all studies (A); by exposure window, i.e. residence at birth vs. at diagnosis (C); by 
region/continent (C). The area of each gray square is proportional to the inverse of the variance of 
the estimated log RR. Black diamonds represent point estimates of RR and horizontal lines 
represent their 95% confidence intervals (CIs). The open diamonds represent the combined RR for 
each subgroup and the overall RR for all studies. The solid line represents RR=1. The dash line 
represents the point estimate of overall RR for all studies. 



 

Figure S15. Risk ratio (RR) with 95% confidence interval (CI) of childhood leukemia from 
particulate matter (PM10) restricted to pre-school children: all studies (A); by leukemia subtype (B); 
by exposure window, i.e. residence at birth vs. at diagnosis (C); by region/continent (D). The area 
of each gray square is proportional to the inverse of the variance of the estimated log RR. Black 
diamonds represent point estimates of RR and horizontal lines represent their 95% confidence 
intervals (CIs). The open diamonds represent the combined RR for each subgroup and the overall 
RR for all studies. The solid line represents RR=1. The dash line represents the point estimate of 
overall RR for all studies. 



 

Figure S16. Sensitivity analysis with summary estimate with 95% confidence interval (CI) of 
childhood leukemia from indicators of traffic exposure for all children after removal of single study 
result (leave-one-out analysis): all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). Each given named study is omitted 
when computing the overall meta-analysis summary estimate. Hollow circles represent point 
estimates of RR and horizontal dotted lines represent their 95% confidence intervals (CIs). The 
solid lines represent the point estimate of overall RR for all studies with its 95% CI. 
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Figure S17. Sensitivity analysis with summary estimate with 95% confidence interval (CI) of 
childhood leukemia from benzene exposure for all children after removal of single study result 
(leave-one-out analysis): all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). Each given named study is omitted 
when computing the overall meta-analysis summary estimate. Hollow circles represent point 
estimates of RR and horizontal dotted lines represent their 95% confidence intervals (CIs). The 
solid lines represent the point estimate of overall RR for all studies with its 95% CI. 
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Figure S18. Sensitivity analysis with summary estimate with 95% confidence interval (CI) of 
childhood leukemia from nitrogen dioxide exposure for all children after removal of single study 
result (leave-one-out analysis): all studies (A); by leukemia subtype (B); by exposure window, i.e. 
residence at birth vs. at diagnosis (C); by region/continent (D). Each given named study is omitted 
when computing the overall meta-analysis summary estimate. Hollow circles represent point 
estimates of RR and horizontal dotted lines represent their 95% confidence intervals (CIs). The 
solid lines represent the point estimate of overall RR for all studies with its 95% CI. 
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Figure S19. Sensitivity analysis entering a ±15% value instead of ±20 in the dose-response meta-
analysis of childhood leukemia risk from traffic indicators using vehicles per day count (A), road 
density in km/km2 (B), and distance from a major road in meters (C). Overall spline curve (black 
solid line) with 95% confidence limits (black dashed lines). RR: risk ratio. 



 

Figure S20. Sensitivity analysis entering a ±15% value instead of ±20 in the dose-response meta-
analysis of childhood leukemia risk from benzene exposure of all leukemia (A), acute 
lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). Overall spline curve (black 
solid line) with 95% confidence limits (black dashed lines). RR: risk ratio. 



 

Figure S21. Sensitivity analysis entering a ±15% value instead of ±20 in the dose-response meta-
analysis of childhood leukemia risk from nitrogen dioxide exposure of all leukemia (A), acute 
lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). Overall spline curve (black 
solid line) with 95% confidence limits (black dashed lines). RR: risk ratio. 



 

Figure S22. Funnel plots for publication bias for traffic density, benzene, nitrogen dioxide (NO2), 
particulate matter (PM2.5/PM10), and 1,3-butadiene indicators. Black diamonds represent studies 
included in each analysis, the x-axis indicates the study effect/results through its risk ratio (RR), 
and the y-axis indicates study precision through its standard error. The outer dashed lines indicate 
the triangular region within which 95% of studies are expected to lie in the absence of both biases 
and heterogeneity. The solid vertical line corresponds to overall summary RR from meta-analysis 
of included studies. 



 

Figure S23. Dose-response meta-analysis of childhood leukemia risk from traffic indicators using 
vehicles per day count (A), road density in km/km2 (B), and distance from a major road in meters 
(C). Overall spline curve (black solid line) with 95% confidence limits (black dashed lines) and the 
study-specific trends showing the influence of variation across studies (gray solid lines). RR: risk 
ratio. 



 

Figure S24. Dose-response meta-analysis of childhood leukemia risk from benzene exposure of all 
leukemia (A), acute lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). Overall 
spline curve (black solid line) with 95% confidence limits (black dashed lines) and the study-specific 
trends showing the influence of variation across studies (gray solid lines). RR: risk ratio. 



 

Figure S25. Dose-response meta-analysis of childhood leukemia risk from NO2 exposure of all 
leukemia (A), acute lymphoblastic leukemia only (B), and acute myeloid leukemia only (C). Overall 
spline curve (black solid line) with 95% confidence limits (black dashed lines) and the study-specific 
trends showing the influence of variation across studies (gray solid lines). RR: risk ratio. 
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