
Occupational-Related Exposure to Diesel Exhaust  
and Kidney Cancer: Systematic Review and  
Meta-Analysis of Cohort Studies
Giulia Collatuzzo1,*, Federica Teglia1,2, Paolo Boffetta1,3,4

1Department of Medical and Surgical Sciences, University of Bologna, Bologna, Italy
2Servizio di Prevenzione e Sicurezza Negli Ambienti di Lavoro (SPSAL), AUSL-IRCCS di Reggio Emilia, Reggio Emilia, Italy
3Stony Brook Cancer Center, Stony Brook University, Stony Brook, NY, USA
4Department of Family, Population and Preventive Medicine, Renaissance School of Medicine, Stony Brook Unversity, Stony Brook, 
NY, USA

Keywords: Kidney; Cancer; Diesel Exhaust; Occupational Exposure; Workers; Occupational Carcinogens; 
Epidemiology

Abstract
Background: The association between diesel exhaust and cancer other than the lung is not well established. We aimed 
to conduct a systematic review and meta-analysis on the association between diesel exhaust exposure and kidney can-
cer in workers. Methods: Two trained researchers conducted a systematic review to identify cohort studies examining 
the relationship between occupational exposure to diesel exhaust and the risk of cancer other than lung cancer. Of the 
43 retained studies, 15 reported information on kidney cancer. We performed random-effects meta-analyses for ever-
exposure to diesel exhaust. Summary relative risks (RR) and 95% confidence intervals (CI) were calculated for the 
association between diesel exhaust exposure and kidney cancer. Results: Overall, the RR of kidney cancer was 1.08 
(95% CI=1.01-1.15, heterogeneity p=0.1, I2=28.6%). The summary RR was 1.08 for incidence (95% CI=1.01-1.16;  
I2=36.7%) and 1.09 for mortality (95% CI=0.92-1.30, I2=14.5%), p of heterogeneity=0.914. The summary RR of Euro-
pean studies was 1.08 (95% CI=1.00-1.16, I2=37.8 %), that of USA/Canada studies was 1.10 (95% CI=0.94-1.29,  
I2=8.5%), p of heterogeneity=0.837. Publication bias was not detected. Conclusions: Workers exposed to diesel 
exhaust may experience an increased risk of developing kidney cancer, although the evidence is not entirely consistent, 
and residual confounding cannot be excluded.

1. Introduction

Diesel exhaust has been investigated as a poten-
tial carcinogen for multiple organs [1]. Most of the 
available studies focus on lung cancer, for which an 
association has been reported [1]. A carcinogenic 
effect on the lung is justified by the fact that inha-
lation represents the main route of exposure. Expo-
sure to diesel exhaust can be occupational as well as 

environmental, through traffic emissions and ma-
chine operation ([2]; Table S1). Workers who are 
most exposed to diesel exhaust include drivers, heavy 
equipment operators, and non-metal miners [3].

Among the organs besides the lung for which a 
carcinogenic effect of diesel exhaust has been re-
ported are the urinary bladder [4-6] and the kidney 
[6, 7]. The high vascularization of the kidney and 
its filtering function, combined with the possible 
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passage of diesel exhaust particles into the circula-
tory system, support the hypothesis that the urinary 
tract may be susceptible to the harmful effects of 
this agent [8]. The assessment of health effects from 
diesel exhaust exposure is complicated by various 
factors, including exposure misclassification and the 
variable composition of the agent itself. Evidence of 
an association between diesel exposure and urinary 
tract cancer remains limited. Cohort studies are the 
most appropriate research design to describe the ef-
fects of exposure to carcinogens [9]. We aimed to 
conduct a meta-analysis of cohort studies involving 
workers exposed to diesel exhaust and the risk of 
cancers other than the lungs. The present paper fo-
cuses on the association with kidney cancer.

2. Methods

2.1. The Preferred Reporting Items for 
Systematic reviews and Meta-Analyses

The Preferred Reporting Items for Systematic 
reviews and Meta-Analyses (PRISMA) statement 
was followed to conduct this meta-analysis [10]; the 
checklist is available in Table S2. A study protocol 
was built and registered in the PROSPERO data-
base (Registration No. 352729).

The systematic review was based on the Patients, 
Exposure, Comparator, Outcomes, Study design 
(PECOS) criteria [11], with the following structure:

	- Population (P): workers in multiple indus-
trial settings;

	- Exposure (E): occupational diesel exhaust 
exposure;

	- Comparator (C): individuals not exposed to 
diesel exhaust;

	- Outcomes (O): incidence or mortality of 
cancer types other than lung cancer;

	- Study design (S): industry-based or population- 
based studies reporting information on the 
exposure (including nested case-control 
studies).

We reviewed all publications included in the 
IARC Monograph on diesel exhaust [1] and con-
ducted a PubMed search in May 2024 for studies 

reported after that publication. This search aimed 
to identify studies reporting results on occupational 
exposure to diesel exhaust and the risk of any cancer 
type except lung cancer. The search was performed 
independently by two authors (GC and FT) and 
focused on studies of cancer among workers ex-
posed to diesel exhaust in industries such as railway, 
transportation, and mining. We created a search 
string using the terms (diesel OR miner OR ga-
rage OR railway OR ((truck OR bus) AND driver) 
OR (heavy equipment OR docker)) AND (cancer  
OR neoplasm). Additionally, we included reports 
from the personal archives of one of the authors 
(PB), adding nine non-overlapping studies. If mul-
tiple reports were published on the same population, 
we only included the most informative one, usually 
the one with the largest number of cases or deaths. 
Studies with minor overlap (less than 10%) were 
considered independent.

We abstracted data using a standardized form 
on (i) sociodemographic factors, (ii) occupation 
and industry type, (iii) person-years of observa-
tion, (iv) type of cancer and ICD code with version,  
(v) measure of association (odds ratio (OR), risk ra-
tio, rate ratio, standardized mortality ratio [SMR], 
or standardized incidence ratio [SIR], henceforth 
referred to as relative risk [RR]) and 95% confidence 
intervals (CI), (vi) factors adjusted for in the analy-
sis and (vii) characteristics of the study population 
(eg., number of subjects included, number of cancer 
cases). The dataset was organized by type of cohort 
study (historical vs prospective), design of the study 
(industry-based vs population-based), follow-up pe-
riod, geographic area (USA/Canada vs Europe), and 
outcome (incidence vs mortality). Composition of 
the population by sex was reported when data were 
reported, as well as sex-specific results. When avail-
able, we abstracted results on dose-response analysis 
for different indicators of diesel exhaust exposure.

Next, we excluded studies with no reference to 
diesel exhaust, those with exposure other than oc-
cupational, those without data on cancer other than 
lung cancer, and those with a design other than co-
hort. We assessed the quality of the included stud-
ies based on the CASP scale [12]. We considered 
11 questions for a total score of 14 points. We used 
the mean of the scores assessed separately by two 
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authors (GC and FT). Studies which scored <8 
were considered of low quality, 8-9.5 of medium-
low quality, >9.5 & <11.25 of medium-high, and 
>=11.25 of high quality. Additional information is 
available on Supplementary Tables S3 and S4.

Data were collected for different types of can-
cers, excluding the lungs. We conducted analyses 
by cancer type. This paper focuses on the associa-
tion between occupational diesel exhaust exposure 
and kidney cancer. We conducted a random-effects 
meta-analysis based on the Sidik-Jonkman  
method [13]. In the primary analysis, we included 
results on both kidney cancer incidence and mor-
tality. Next, we stratified the meta-analyses by out-
come (incidence and mortality), geographic area  
(USA/Canada and Europe), design of the study 
(industry-based and population-based), and qual-
ity score (low or low-medium and medium-high 
or high score). Data for women were too limited to 
allow a separate analysis.

We tested the heterogeneity among studies us-
ing the I-square test [14]. We assessed publication 
bias by the visual inspection of the funnel plot and 
the Egger test [15]. To address the plausibility of 
results on kidney cancer, we compared them to the 
corresponding results on lung cancer when reported. 
All the statistical analyses were performed on 
STATA, version 16.1 (Stata Corp., College Station,  
TX, US) [16].

3. Results

The flow chart showing the selection of studies is 
included in Supplementary Figure S1. Out of 2,867 
potentially relevant publications, we retained a total 
of 3 publications reporting results on kidney cancer. 
An additional 19 publications were abstracted from 
the IARC Monograph [1], of which one study of 
U.S. non-metal miners was excluded because a more 
recent report from the same study was available, and 
16 studies were retrieved from the reference lists of 
the studies identified earlier; among these, 9 were 
non-overlapping. Of the 30 non-overlapping stud-
ies meeting the inclusion criteria, 15 reported results 
on kidney cancer [3, 6, 7, 17-28].

The 15 studies retained in the review comprised 
23 estimates of the association between diesel 

exhaust exposure and risk of kidney cancer, includ-
ing eight studies (16 risk estimates) based on inci-
dence and seven studies (seven risk estimates) based 
on mortality. They are illustrated in Table 1.

Figure 1 shows the main results of our meta-
analysis. Overall, the RR of kidney cancer was 1.08 
(95% CI=1.01-1.15, p-value of test for heterogene-
ity [p-het] =0.1, I2=28.6%). The p-value of the test 
for publication bias was 1.00.

Table 2 summarizes the results of the stratified 
analyses. When focusing on results on cancer inci-
dence, the summary RR was 1.08 (95% CI=1.01-1.16,  
p-het=0.036, I2=36.7%), while the summary RR 
from mortality studies was 1.09 (95% CI=0.92-
1.30, p-het=0.324, I2=14.5%). Results by outcome 
were not statistically heterogeneous (p=0.914). 
Publication bias was excluded for both study 
types (p=0.912 for incidence studies and p=0.884 
for mortality studies). The summary RR of stud-
ies conducted in the USA/Canada was 1.10 (95% 
CI=0.94-1.29, p-het =0.248, I2=8.5%), whereas 
that of European studies was 1.08 (95% CI=1.00-
1.16, p-het 0.042, I2=37.8%). These results were not 
heterogeneous (p-het=0.837). When considering 
study design, no significant difference was observed 
between industry-based (RR=1.07, 95% CI=0.93-
1.24, p-het=0.284, I2=17.3%) and population-based 
studies (OR=1.08, 95% CI=1.01-1.17, p-het=0.07, 
I2=39.7%), with p for heterogeneity among the two 
categories equal to 0.910.

The summary RR for low- and medium-quality 
studies was 1.22 (95% CI=1.01-1.47, p-het=0.039, 
I2=41.4%), that for medium-high- and high-quality 
studies was 1.06 (95% CI=1.03-1.09, p-het<0.001, 
I2=0.0%); this difference was not statistically signifi-
cant (p-het=0.147). Results on dose-response were too 
sparse to justify a meta-analysis, as well as those by sex.

Finally, we identified 16 cohorts with results re-
ported for both lung and kidney cancers; the un-
weighted correlation coefficient was 0.23 (p=0.40). 
Supplementary Figure 2 shows the scatter plot of 
the results of the individual studies. Supplementary 
Table S4 provides information on the main charac-
teristics of some common occupational exposures to 
diesel exhaust, based on IARC 2012 [1].



Collatuzzo et al4
Ta

bl
e 1

. C
ha

ra
ct

er
ist

ics
 o

f t
he

 in
clu

de
d 

stu
di

es
.

St
ud

y
C

ou
nt

ry

D
es

ig
n 

 
(P

, p
op

ul
at

io
n-

ba
se

d;
I, 

in
du

st
ry

- 
ba

se
d)

Ye
ar

s o
f 

FU
N

 p
ar

tic
ip

an
ts

Pe
rs

on
s y

ea
rs

In
du

st
ry

 
ty

pe
E

xp
os

ur
e d

at
a

N
 ca

se
s k

id
ne

y 
ca

nc
er

A
dj

us
tm

en
ts

R
R

/S
M

R
/S

IR
 

ki
dn

ey
 ca

nc
er

R
R

/S
M

R
/S

IR
 

lu
ng

 ca
nc

er

K
ou

tro
s  

et
 al

., 
20

23
 

(1
7)

U
SA

I
19

60
-

20
15

12
,3

15
 p

eo
pl

e, 
bo

th
 se

xe
s

42
2,

34
3 

(m
in

er
s)

28
2,

84
0 

(e
ve

r-
un

de
rg

ro
un

d 
m

in
er

s)

M
in

er
s 

D
at

a c
ol

lec
te

d 
fro

m
 8

 
no

n-
m

et
al 

m
in

er
s U

S 
fa

cil
iti

es
. H

ist
or

ica
l 

m
ea

su
re

m
en

ts 
an

d 
su

r-
ro

ga
te

 ex
po

su
re

 d
at

a 
we

re
 u

se
d 

to
 es

tim
at

e 
ex

po
su

re
 to

 d
ie

se
l e

x-
ha

us
t f

or
 ea

ch
 w

or
ke

r. 
W

or
k 

hi
sto

ry
 re

co
rd

 
we

re
 ab

str
ac

te
d 

fro
m

 
em

pl
oy

er
 p

er
so

nn
el 

fil
es

. F
or

 si
x 

fa
cil

iti
es

, 
th

is 
in

fo
rm

at
io

n 
wa

s 
av

ai
lab

le 
th

ro
ug

h 
en

d 
19

99
; o

ne
 fa

cil
ity

 o
nl

y 
th

ro
ug

h 
19

97
, a

nd
 

an
ot

he
r f

ac
ili

ty
 th

ro
ug

h 
19

93
.

34
 (2

3 
am

on
g 

ev
er

 u
nd

er
-

gr
ou

nd
 m

in
er

s)

R
ac

e a
nd

 
et

hn
ici

ty
SM

R
=1

.0
2, 

0.
71

-1
.4

3
SM

R
=1

.2
4, 

1.
13

, 
1.

37

G
uo

 J 
 

et
 al

., 
20

04
 

(7
)

Fi
nl

an
d 

P
19

71
-9

4
M

en
 an

d 
wo

m
en

30
 m

ill
io

n 
pe

rs
on

-y
ea

rs
N

on
-m

et
al 

m
in

er
s

Tr
uc

k 
dr

iv
er

s
Fo

rk
lif

t 
dr

iv
er

s
D

oc
ke

rs

O
cc

up
at

io
ns

 fr
om

 th
e 

po
pu

lat
io

n 
ce

ns
us

 in
 

19
70

 w
er

e c
on

ve
rte

d 
to

 ex
po

su
re

s t
o 

di
e-

se
l e

xh
au

sts
 w

ith
 a 

jo
b-

ex
po

su
re

 m
at

rix
 

(F
IN

JE
M

).

13
 in

 m
en

 
(n

on
-m

et
al 

m
in

er
s)

13
1 

in
 m

en
, 2

 in
 

wo
m

en
 (t

ru
ck

 
dr

iv
er

s)
15

 in
 m

en
 

(fo
rk

lif
t d

riv
er

s)
24

 in
 m

en
, 

3 
in

 w
om

en
 

(d
oc

ke
rs

)

SE
S,

 sm
ok

in
g, 

BM
I 

N
on

-m
et

al 
m

in
er

s m
en

: 
RR

=0
.8

8, 
0.

47
-1

.5
0

Tr
uc

k 
dr

iv
er

s 
m

en
: R

R
=1

.0
0, 

0.
84

-1
.1

9;
 

wo
m

en
: 2

.5
0, 

0.
30

-9
.0

2)
Fo

rk
lif

t d
riv

er
s 

m
en

: R
R

=0
.9

2, 
0.

0.
53

-1
.5

8
D

oc
ke

rs
 m

en
: 

RR
=0

.9
8, 

0.
63

-
1.

45
; w

om
en

: 
RR

=1
.5

2, 
0.

31
-4

.4
3

no
 re

su
lt 

re
po

rte
d 

fo
r l

un
g 

ca
nc

er



Occupational Diesel Exhaust Exposure and Kidney Cancer 5
Ja

rv
ho

lm
 B

 
an

d 
Si

lv
er

-
m

an
 D

, 
20

03
 (1

8)

Sw
ed

en
 

I
19

71
-9

2 
14

36
4 

m
en

 
(h

ea
vy

 co
ns

tru
c-

tio
n 

eq
ui

pm
en

t 
op

er
at

or
s)

63
64

 m
en

 (t
ru

ck
 

dr
iv

er
s)

21
73

31
 

(h
ea

vy
 co

n-
str

uc
tio

n 
eq

ui
pm

en
t 

op
er

at
or

s)
97

93
0 

(tr
uc

k 
dr

iv
er

s)

H
ea

vy
 co

n-
str

uc
tio

n 
eq

ui
pm

en
t 

op
er

at
or

s
Tr

uc
k 

dr
iv

er
s

A
 co

m
pu

te
ris

ed
 

re
gi

ste
r o

f S
we

di
sh

 
co

ns
tru

ct
io

n 
wo

rk
er

s 
pa

rti
cip

at
in

g 
in

 h
ea

lth
 

ex
am

in
at

io
ns

 b
et

we
en

 
19

71
 an

d 
19

92
 w

as
 

us
ed

. t
he

 re
fe

re
nt

 
gr

ou
p 

wa
s c

ar
pe

nt
er

s/
ele

ct
ric

ia
ns

 an
d 

ge
ne

ra
l 

po
pu

lat
io

n 
fo

r l
un

g 
ca

nc
er

, w
hi

le 
fo

r o
th

er
 

ca
nc

er
s t

he
 re

fe
re

nt
 

gr
ou

p 
wa

s o
nl

y 
ge

ne
ra

l 
po

pu
lat

io
n.

24
 in

 h
ea

vy
 

co
ns

tru
ct

io
n 

eq
ui

pm
en

t 
op

er
at

or
s

23
 in

 tr
uc

k 
dr

iv
er

s

SI
R

=0
.7

4, 
0.

47
-1

.1
0 

he
av

y 
co

ns
tru

c-
tio

n 
eq

ui
pm

en
t 

op
er

at
or

s
SI

R
=1

.1
2, 

0.
71

-1
.6

8 
in

 
tru

ck
 d

riv
er

s

SM
R

=0
.7

0 
(9

5%
 

C
I=

0.
51

-0
.9

2)
 

fo
r h

ea
vy

 co
n-

str
uc

tio
n 

eq
ui

p-
m

en
t o

pe
ra

to
rs

SM
R

=
1.

18
 (9

5%
 

C
I=

0.
89

-1
.5

3)
 

fo
r t

ru
ck

 d
riv

er
s

SI
R

=
1.

14
 (9

5%
 

C
I=

0.
87

-1
.4

6)
 

fo
r t

ru
ck

 d
riv

er
s 

an
d 

SI
R

=
0.

76
 (9

5%
 

C
I=

0.
58

-0
.9

7)
 

fo
r h

ea
vy

 co
n-

str
uc

tio
n 

eq
ui

p-
m

en
t o

pe
ra

to
rs

W
on

g 
O

 
et

 al
., 

19
85

 
(1

9)

U
SA

I
19

64
-7

8
34

15
6 

m
en

37
25

25
.6

C
on

-
str

uc
tio

n 
eq

ui
pm

en
t 

op
er

at
or

s 

D
at

a d
er

iv
ed

 fr
om

 
re

co
rd

s m
ai

nt
ai

ne
d 

at
 

O
pe

ra
tin

g 
E

ng
in

ee
rs

 
Lo

ca
l U

ni
on

 N
3, 

Sa
n 

Fr
an

cis
co

.
N

o 
hi

sto
ric

al 
en

vir
on

-
m

en
ta

l m
ea

su
re

m
en

ts,
 

bu
t p

ar
tia

l w
or

k 
hi

sto
rie

s 
we

re
 av

ail
ab

le 
fo

r s
om

e 
co

ho
rt 

m
em

be
rs 

th
ro

ug
h 

th
e u

ni
on

 d
isp

at
ch

 co
m

-
pu

te
r t

ap
es

. A
n 

at
te

m
pt

 
wa

s m
ad

e t
o 

re
lat

e m
or

-
ta

lit
y e

xp
er

ien
ce

 to
 th

e 
un

io
n 

m
em

be
rs’

 d
isp

at
ch

 
hi

sto
rie

s. 

17
SM

R
=0

.7
4, 

0.
43

-1
.1

8
SM

R
=

0.
99

 (9
5%

 
C

I=
0.

88
-1

.1
0)

Va
n 

D
en

 
E

ed
en

 
SK

 an
d 

Fr
ie

dm
an

 
G

D
, 1

99
3 

(2
0)

U
SA

P
19

64
-7

2
16

02
30

, b
ot

h 
se

xe
s (

ov
er

all
 re

-
su

lts
 re

po
rte

d)

D
ie

se
l e

x-
ha

us
t e

xp
o-

su
re

 as
se

ss
ed

 
ac

ro
ss

 m
ul

ti-
pl

e j
ob

s
an

d 
in

du
str

ie
s

D
ies

el 
ex

ha
us

t e
xp

os
ur

e 
re

po
rte

d 
in

 q
ue

sti
on

na
ire

 
in

te
rv

iew
 d

ur
in

g r
ou

tin
e 

he
alt

h 
ex

am
in

at
io

n,
 

am
on

g m
em

be
rs 

of
 th

e 
N

or
th

er
n 

C
ali

fo
rn

ia 
K

ais
er

 P
er

m
an

en
te

 
M

ed
ica

l C
ar

e P
ro

gr
am

. 
Q

ue
sti

on
s r

ef
er

re
d 

to
 ex

-
po

su
re

 in
 th

e p
as

t y
ea

r. 

26
8

R
ac

e, 
ed

uc
at

io
n,

 
sm

ok
in

g 
sta

tu
s 

(a
nd

 sm
ok

-
in

g 
du

ra
tio

n 
an

d 
sm

ok
in

g 
am

ou
nt

)

RR
=1

.3
8, 

0.
80

-
1.

38
, 0

.8
0-

2,
41

RR
=1

.0
2 

(9
5%

 
C

I=
0.

81
-1

.2
9)

Ta
bl

e 1
 (C

on
tin

ue
d)



Collatuzzo et al6

St
ud

y
C

ou
nt

ry

D
es

ig
n 

 
(P

, p
op

ul
at

io
n-

ba
se

d;
I, in

du
st

ry
-b

as
ed

)
Ye

ar
s o

f 
FU

N
 p

ar
tic

ip
an

ts
Pe

rs
on

s y
ea

rs
In

du
st

ry
 

ty
pe

E
xp

os
ur

e d
at

a
N

 ca
se

s k
id

ne
y 

ca
nc

er
A

dj
us

tm
en

ts
R

R
/S

M
R

/S
IR

 
ki

dn
ey

 ca
nc

er
R

R
/S

M
R

/S
IR

 
lu

ng
 ca

nc
er

Bo
ffe

tta
 P

 
et

 al
., 

20
01

 
(6

)

Sw
ed

en
 

P
19

71
-8

9
A

ll 
Sw

ed
ish

 ad
ul

t 
po

pu
lat

io
n 

7 
40

0 
00

0 
fo

r 
m

en
 ex

po
se

d 
an

d 
24

0 
00

0 
fo

r w
om

en
 

ex
po

se
d

D
ie

se
l e

x-
ha

us
t e

xp
o-

su
re

 as
se

ss
ed

 
ac

ro
ss

 m
ul

ti-
pl

e j
ob

s
an

d 
in

du
str

ie
s

A
fte

r e
xc

lu
di

ng
 fa

rm
-

er
s, 

jo
b 

an
d 

in
du

str
y 

tit
les

 w
er

e c
las

sifi
ed

 
ac

co
rd

in
g 

to
 es

tim
at

ed
 

pr
ob

ab
ili

ty
 an

d 
in

-
te

ns
ity

 o
f e

xp
os

ur
e t

o 
di

es
el 

em
iss

io
ns

(b
as

ed
 o

n 
Sw

ed
ish

 
C

an
ce

r E
nv

iro
nm

en
t 

R
eg

ist
er

 II
I)

.

22
43

 in
 m

en
33

 in
 w

om
en

SI
R

 =
1.

06
, 

1.
02

-1
.1

1 
in

 
m

en
;

SI
R

=0
.8

2, 
0.

57
-1

.1
6 

in
 

wo
m

en

SI
R

=1
,0

9 
(9

5%
 

C
I=

1.
06

-1
.1

2)
  

in
 m

en
,

SI
R

=1
.0

9 
(9

5%
 

C
I=

0.
83

-1
.4

2)
  

in
 w

om
en

G
us

ta
vs

-
so

n 
P 

 
et

 al
., 

19
90

 
(2

1)

Sw
ed

en
P

19
52

-
86

 fo
r 

m
or

ta
lit

y
19

58
-

84
 fo

r 
in

cid
en

ce

69
5 

m
en

21
31

7.
5

16
69

5
Bu

s g
ar

ag
e 

wo
rk

er
s

Th
e i

nt
en

sit
y 

of
 th

e 
ex

po
su

re
 to

 d
ie

se
l e

x-
ha

us
t w

as
 as

se
ss

ed
 b

y 
in

du
str

ia
l h

yg
ie

ni
sts

 
an

d 
str

uc
tu

re
d 

in
 a 

jo
b-

ex
po

su
re

 m
at

rix
.

2 1
SM

R
=0

.7
2, 

0.
09

-2
.5

9
SI

R
=0

.7
0, 

0.
14

-2
.0

4

SM
R

=
1.

15
 (9

5%
 

C
I=

0.
67

- 1
.8

4)
SI

R
=1

.6
1 

(9
5%

 
C

I=
0.

94
- 2

.5
7)

So
ll-


Jo

ha
nn

in
g 

H
 et

 al
., 

19
98

 (2
2)

D
en

m
ar

k 
P

19
43

-9
2

15
24

9 
m

en
38

63
95

 to
ta

l 
pe

rs
on

-y
ea

rs
Bu

s d
riv

er
s 

an
d 

tra
m

wa
y

em
pl

oy
er

s

C
om

pu
te

ris
ed

, h
ig

hl
y-

re
lia

bl
e i

nd
iv

id
ua

l d
at

a 
on

 em
pl

oy
m

en
t.

83
 in

 m
ale

 
wo

rk
er

s e
m

-
pl

oy
ed

 at
 le

as
t 3

 
m

on
th

s

SI
R

=1
.6

0, 
1.

30
-2

.0
0 

(m
en

 
em

pl
oy

ed
 fo

r a
t 

lea
st 

3 
m

on
th

s)

SI
R

=
1.

6 
(9

5%
 C

I=
1.

5-
1.

8)
 fo

r m
en

SI
R

=2
.6

 (9
5%

 
C

I=
1.

5-
4.

3)
 fo

r 
wo

m
en

R
af

ns
so

n 
V

 
an

d 
G

un
-

na
rsd

ot
tir

 h
, 

19
91

 (2
3)

Ic
ela

nd
 

I
19

51
-8

8
28

78
8 

(tr
uc

k 
dr

iv
er

s)
19

28
4 

(ta
xi

 
dr

iv
er

s)

86
8 

(tr
uc

k 
dr

iv
er

s)
72

6 
(ta

xi
 

dr
iv

er
s)

Tr
uc

k 
dr

iv
er

s
Ta

xi
 d

riv
er

s

D
at

a o
bt

ai
ne

d 
fro

m
 th

e 
m

em
be

rs
hi

p 
re

gi
ste

rs
 

an
d 

fil
es

 o
f t

ru
ck

 an
d 

bu
s d

riv
er

s (
len

gt
h 

of
 

tim
e, 

pe
rio

d 
of

 em
pl

oy
-

m
en

t e
tc

.)

6 8
SM

R
=1

.7
7, 

0.
65

-3
.8

5 
fo

r 
tru

ck
 d

riv
er

s
SM

R
=1

.9
7, 

0.
54

-5
.0

5 
fo

r 
ta

xi
 d

riv
er

s

SM
R

=
2.

14
 (9

5%
 

C
I=

1.
37

-3
.1

8)
 

fo
r t

ru
ck

 d
riv

er
s; 

SM
R

=1
.3

9 
(9

5%
 

C
I=

0.
72

-2
.4

3)
 

fo
r t

ax
i d

riv
er

s

Bi
rd

sa
y 

J 
et

 al
., 

20
10

 
(2

4)

U
SA

I
19

89
-

20
04

15
62

41
 p

eo
pl

e, 
bo

th
 se

xe
s;

14
6,

26
1 

m
en

Tr
uc

k 
dr

iv
er

s
O

cc
up

at
io

na
l d

at
a f

ro
m

 
ele

ct
ro

ni
c m

em
be

rs
hi

p 
fil

es
 o

f a
 tr

ad
e a

ss
oc

ia
-

tio
n 

pr
ov

id
in

g 
se

rv
ice

s 
to

 tr
uc

k 
dr

iv
er

s. 

55
 (n

o 
se

x 
di

sti
nc

tio
n)

Sm
ok

in
g 

sta
tu

s
SM

R
=1

.0
8, 

0.
82

-1
.4

1
SM

R
=1

.0
0 

(9
5%

 
C

I=
0.

92
-1

.0
9)



Occupational Diesel Exhaust Exposure and Kidney Cancer 7

Sc
he

nk
er

 
M

B 
et

 al
., 

19
84

 (2
5)

U
SA

I
19

67
-7

9
25

19
 m

en
 

28
40

00
R

ai
lw

ay
 

wo
rk

er
s

D
ie

se
l e

xh
au

st 
ex

po
su

re
 

es
tim

at
ed

 fo
r a

bo
ut

 
15

0 
ra

ilw
ay

 jo
b 

cla
s-

sifi
ca

tio
ns

. E
xp

os
ur

e 
de

te
rm

in
ed

 b
as

ed
 o

n 
pr

ev
io

us
 re

vi
ew

s o
n 

ra
ilw

ay
s a

nd
 b

as
ed

 o
n 

da
ta

 fr
om

 in
du

str
ia

l 
hy

gi
en

e m
ea

su
re

m
en

ts.
 

6
SM

R
=1

.6
6, 

0.
61

-3
.6

2
SM

R
=0

.8
2 

(9
5%

 
C

I=
0.

59
- 1

.1
1)

N
ok

so
-

Ko
ivi

sto
 

P 
an

d 
Pu

kk
ala

 E
, 

19
94

 (2
6)

Fi
nl

an
d 

I
19

53
-9

0
83

91
 m

en
21

2 
80

0
Lo

co
m

ot
iv

e 
dr

iv
er

s
R

ec
on

str
uc

tio
n 

of
 u

su
al 

wo
rk

in
g 

co
nd

iti
on

s 
an

d 
sta

nd
ar

d 
hy

gi
en

ic 
op

er
at

io
ns

, w
ith

 th
e 

he
lp

 o
f o

ld
er

 w
or

ke
rs

; 
ai

r s
am

pl
e c

ol
lec

tio
n;

 
m

ea
su

re
m

en
t o

f d
ie

se
l 

ex
ha

us
t e

xp
os

ur
e.

38
SI

R
=1

.2
5, 

0.
88

-1
.7

0
SI

R
=

0.
86

 (9
5%

 
C

I=
0.

75
-0

.9
7)

Pu
kk

ala
 E

 
et

 al
., 

20
09

 
(3

)

D
en

-
m

ar
k, 

Fi
nl

an
d,

 
Ic

ela
nd

, 
N

or
wa

y, 
Sw

ed
en

P
19

61
-

20
06

15
 m

ill
io

n 
pe

o-
pl

e, 
bo

th
 se

xe
s 

38
5 

00
0 

00
0

38
5 

00
0 

00
0

M
ac

hi
ne

 
op

er
at

or
s

O
rig

in
al 

na
tio

na
l o

cc
u-

pa
tio

n 
co

de
s c

on
ve

rte
d 

to
 a 

co
m

m
on

 cl
as

sifi
ca

-
tio

n 
wi

th
 5

3 
ca

te
go

rie
s 

+ 
on

e c
at

eg
or

y 
of

 
ec

on
om

ica
lly

 in
ac

tiv
e 

pe
rs

on
s. 

11
42

 in
 m

en
, 2

3 
in

 w
om

en
SI

R
=1

.0
8, 

1.
02

-1
.1

4 
in

 
m

en
;

SI
R

=0
.9

3, 
0.

59
-1

.4
0 

in
 

wo
m

en

SI
R

=1
.2

0 
(9

55
 

C
I=

1.
17

- 1
.2

3)
 

in
 m

en
;

SI
R

=2
.6

1 
(9

5%
 

C
I=

2.
19

- 3
.1

1)
 

in
 w

om
en

Be
nd

er
 A

P 
et

 al
., 

19
89

 
(2

7)

U
SA

I
19

45
-8

4
48

49
 m

en
96

 5
67

H
ig

hw
ay

 
wo

rk
er

s
E

m
pl

oy
m

en
t d

at
a o

n 
hi

gh
wa

y 
m

ai
nt

en
an

ce
 

wo
rk

er
s.

6
SM

R
=0

.6
3, 

0.
23

-1
.3

7
SM

R
=0

.6
9

H
ow

e G
R

 
et

 al
., 

19
83

 
(2

8)

U
SA

I
19

65
-7

7
43

 8
26

 m
en

, 
17

83
8

as
ce

rta
in

ed
 ca

us
e 

of
 d

ea
th

29
0 

18
6 

Pe
ns

io
n-

er
s o

f t
he

 
C

an
ad

ia
n 

N
at

io
na

l 
R

ai
lw

ay
 

C
om

pa
ny

E
xp

er
ts 

cla
ss

ifi
ed

 o
c-

cu
pa

tio
ns

 b
as

ed
 o

n 
sp

ec
ifi

c e
xp

os
ur

es
, i

n-
clu

di
ng

 d
ie

se
l e

xh
au

st 

58
RR

=1
.2

6, 
0.

97
-1

.6
4

SM
R

=1
.0

6

FU
= 

fol
low

-u
p.

N
= 

nu
m

be
r.

BM
I=

 bo
dy

 m
ax

 in
de

x.
SE

S=
 so

cio
eco

no
m

ic 
sta

tu
s.

SM
R

/S
IR

= 
sta

nd
ar

di
ze

d 
m

or
ta

lit
y r

at
io/

sta
nd

ar
di

ze
d 

in
cid

en
ce 

ra
tio

.
CI

=c
on

fid
en

ce 
in

ter
va

l.



Collatuzzo et al8

4. Discussion

We identified a weak association between occu-
pational exposure to diesel exhaust and the risk of 
kidney cancer. The association did not vary accord-
ing to outcome (incidence vs. mortality from kidney 
cancer) and geographic regions (Europe vs. North 
America).

We focused this meta-analysis on cohort stud-
ies because this design allows for a better definition 
of exposure. Industry-based and population-based 
studies, such as census-based ones, were included 
and analyzed separately, with no statistical differ-
ence observed. Census-based studies, like those by 
Boffetta et al. [6] and Pukkala et al. [3], as well as 
most cohort studies based on industry or occupa-
tion, essentially include all individuals employed 

in specific occupations but lack detailed data on 
diesel exhaust exposure. In fact, these studies es-
timate exposure based on occupation type rather 
than questionnaires or measurements. Additionally, 
census-based studies usually provide job title infor-
mation at a single point in time. These factors make 
industry-based studies more appropriate for inves-
tigating occupational epidemiology. Conversely, the 
study by Koutros et al. [17], conducted among non-
metal miners in the US, provided detailed diesel 
exhaust exposure data based on historical measure-
ments and surrogate indicators, including hygiene 
levels. Exposure estimates were made independently 
of outcomes, and cumulative and intensity exposures 
over time were calculated.

Additionally, exposure to other major occu-
pational confounders was also estimated. These 

Figure 1. Results of the overall meta-analyses of studies on occupational exposure to diesel exhaust and 
risk of kidney cancer.
Note: confidence intervals do not match with those reported in Table 1 and in the original publications because of Stata 
approximations.
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Table 2. Results of the meta-analysis by main characteristics.

Characteristic N risk estimates RR, 95% CI; I2; p-het
Test heterogeneity between 

strata (p value)
Outcome

 Incidence 16 1.08, 1.01-1.16; 36.7%; 0.036 0.914
 Mortality   7 1.09, 0.92-1.30; 14.5%; 0.324

Country
 USA/Canada   7 1.10, 0.94-1.29, 8.5%; 0.248 0.837
 Europe 16 1.08, 1.00-1.16, 37.8%; 0.042

Design of the study
 Industry-based 10 1.07, 0.93-1.24, 17.3%; 0.284 0.910
 Population-based 16 1.08, 1.01-1.17, 39.7%; 0.07

Quality score
 Low or low-medium   9 1.22, 1.01-1.47, 41.4%; 0.039 0.147
 Medium-high or high 14 1.06, 1.03-1.09, 0.0%; <0.001

Notes: N, number; RR, relative risk; 95% CI= 95% confidence interval; p-het, p for heterogeneity within the studies.

strengths make the study by Koutros et al. [17] 
the most rigorous in quality. Notably, their analysis 
found no relationship between diesel exhaust and 
kidney cancer (SMR 1.02, 0.72-1.45) [17]. Given 
the significant effort to account for various con-
founders and the well-documented diesel exhaust 
exposure within the cohort, the absence of an as-
sociation with kidney cancer questions the validity 
of findings from other studies. In particular, the in-
creased risk reported elsewhere may be due to ex-
posure misclassification and residual confounding. 
Further insight is gained by comparing these results 
with those for lung cancer, which showed a signifi-
cant increase, supporting the hypothesis that diesel 
exhaust does not have an actual causal role in kidney 
cancer [17].

The study by Pukkala et al. [3] presents some po-
tential overlap with other census-based studies. They 
analyzed 53 job categories based on 1961-1981 cen-
suses from five Nordic countries, and we selected 
engine operator as the category with the highest 
probability of exposure to diesel exhaust [3]. For ex-
ample, the study by Boffetta et al. [6] included dif-
ferent types of machine operators, including engine 
operators, based on the 1971 census from Sweden, 

with the possibility of overlap of some data reported 
by Pukkala et al. [3]. We combined results on inci-
dence and mortality from kidney cancer under the 
assumption that exposure to diesel exhaust is not 
associated with kidney cancer survival, i.e., that the 
association, if any, would be comparable for the two 
outcomes. We tested this assumption in the meta-
analysis stratified by outcome, which resulted in no 
heterogeneity between studies based on incidence 
and studies based on mortality. For this reason, we 
maintained that including both outcomes was our 
primary analysis.

There was no evidence of a different risk of kid-
ney cancer in studies from Europe or USA/Canada, 
despite some difference including: (i) different die-
sel technologies reducing emission levels [29]; (ii) 
different working conditions [30]; (iii) differences 
in lifestyle habits [31, 32]; (iv) higher prevalence of 
other occupational risk factors in Europe, including 
asbestos [33-35]; (v) time of exposure, where Euro-
pean studies were based on older exposure.

The lack of sufficient data impaired the analyses 
by sex. In particular, most studies were conducted 
on men, and studies involving both sexes included 
a small proportion of women (eg, <10%) or did 
not report results separate by sex [20, 24]. As a 
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contrast, the kidney is not listed among known or 
suspected target organs for carcinogenicity of diesel 
exhaust [40].

The potential carcinogenic effects of diesel ex-
haust on the kidney include direct genotoxicity, 
oxidative stress, and inflammation. A hypothesis 
suggests an effect mediated by ultrafine particles 
that can be filtered by the kidney [8]. The role of 
diesel exhaust in the development of kidney dis-
ease is also supported by findings from studies con-
ducted in rats [41, 42]. To our knowledge, this is 
the first meta-analysis on the association between 
occupational exposure to diesel exhaust and kidney 
cancer and provides new evidence on the carcino-
genicity of diesel exhaust. The systematic review was 
conducted according to established guidelines. We 
focused on cohort studies, thus considering stud-
ies of the same design, and the most reliable in the 
literature in providing evidence on the presence or 
absence of an association, as information on the ex-
posure is independent from the occurrence of the 
outcome. Restriction on studies reporting results on 
occupational exposure was imposed to focus on the 
population with the highest exposure to diesel ex-
haust. Also, a large number of publications could be 
included in this meta-analysis, allowing us to obtain 
precise results, even though kidney cancer is a rela-
tively uncommon disease, which may be challenging 
to investigate in individual studies.

4.1. Limitations of the Study

This study suffers from some limitations, which 
suggest caution in the interpretation of our results. 
There was a high degree of heterogeneity between 
the results included in the meta-analysis. Exposure 
misclassification may have impaired the analysis 
because the subjects classified as unexposed may 
have been to some extent exposed to diesel exhaust 
in the general environment or in other occupations. 
Also, exposed workers could have been in contact 
with additional occupational carcinogens, which 
might be confounders that we could not account 
for because of missing information. This could lead 
to an underestimate of the investigated association; 
however, other sources of bias could have operated. 
To date, only the DEMS study [17] has adopted 

consequence, our results refer to both sexes, but ap-
ply mainly to the male population, based on avail-
able data.

The identification of the role of diesel exhaust 
in cancer causation must take into account the la-
tency between exposure and cancer occurrence. 
Our choice of focusing on cohort studies is based 
on the assumption that several decades are needed 
to observe the carcinogenic effect of diesel exhaust; 
in fact, a prospective design allows the detection of 
differences between exposed and non-exposed. Ac-
cording to the IARC [1], latent periods substan-
tially shorter than 30 years cannot provide evidence 
for lack of carcinogenicity. While many included 
studies covered a period shorter than 20 years, oth-
ers followed up the workers for several decades, 
including the extensive census-based study by 
Pukkala et al. [3], which covered between 1961 and 
2006. Therefore, we cannot exclude that more ex-
tended observation of the study populations would 
have led to the identification of an increased risk of 
kidney cancer. Findings from long-follow-up stud-
ies should be considered more reliable and help in 
interpreting our results.

A few community-based studies reported results 
on occupational exposure to diesel exhaust and the 
risk of kidney cancer. Although they were not in-
cluded in the meta-analysis, these studies can provide 
supporting evidence, since the results of some of these 
studies were adjusted for potential confounders such 
as tobacco smoking and overweight/obesity. In par-
ticular, Peters and coauthors reported an OR of 1.23 
(95% CI = 0.99-1.53) for kidney cancer in Canadian 
men exposed to diesel exhaust at the workplace [36]. 
Also, the risk of kidney cancer in association with 
outdoor air pollution, including diesel exhaust, was 
investigated in a meta-analysis of 14 European co-
hort studies, where an increased likelihood of cancer 
occurrence was suggested (HR = 1.57, 95%CI: 0.81-
3.01 per 5 μg/m3 PM2.5 and HR = 1.36, 95%CI: 
0.84-2.19 per 10-5 m-1 PM2.5 absorbance) [37].

Established risk factors for kidney cancer include 
cigarette smoking, obesity, and hypertension [38], 
as well as some medications (e.g., antihypertensive 
drugs) [39]. IARC lists trichloroethylene and X- 
and gamma-radiation among the carcinogens with 
sufficient evidence for kidney cancer in humans. In 
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studies was relevant, it was insufficient to exclude 
publication bias with enough statistical power. We 
used the Sidik–Jonkman method for estimating the 
between-study variability (τ2) rather than the most 
popular DerSimonian–Laird method [44] due to 
the known tendency of the latter to underestimate 
τ2 when the number of studies is small [45]. This 
offered a better picture of the inner uncertainties 
behind the results. We also wanted to relax the as-
sumption that the distribution of random effects is 
normal. Using the Random-Effects Sidik–Jonkman 
model, the confidence interval has a higher coverage 
probability than the commonly used interval based 
on the DerSimonian-Laird method [46].

5. Conclusion

In conclusion, this meta-analysis suggests a weak 
positive association between occupational exposure 
to diesel exhaust and kidney cancer. This finds sup-
port in previous literature [36, 37]. Anyway, this 
positive evidence is not exempt from limitations 
and potential bias, and is balanced by several argu-
ments, including (i) lack of association reported in 
the DEMS study [17], which had the highest qual-
ity; (ii) lack of adjustments for important potential 
confounders. Thus, the causal nature of the associa-
tion cannot be conclusively determined. Additional 
high-quality prospective studies are needed to elu-
cidate better the relationship between diesel exhaust 
exposure and kidney cancer. Cohort studies similar 
to the DEMS study [17], with information on the 
level of diesel exhaust exposure, and accounting for 
potential confounders, would provide high-quality 
data. New studies would gain additional value when 
conducted on selected industry types (e.g., mechan-
ics, highway workers, engine operators, and han-
dlers) and geographical areas (e.g., Latin America, 
Asia, and Australia) from which few data have been 
reported. Moreover, studies including a consider-
able proportion of women are needed to provide 
evidence on a possible modification of the associa-
tion by sex.

Despite these limitations, the hypothesis of a car-
cinogenic effect of diesel exhaust exposure on the 
kidney remains. Workers should be aware of this 
potential hazard, which is mainly due to the risk 

a detailed quantitative approach to the assessment 
of diesel exhaust exposure, using detailed exposure 
measurements. It should be noted that no excess of 
kidney cancer was reported in this study. Indeed,  
diesel exhaust exposure could vary between cohorts 
investigating the same job or industry, or within the 
single cohort, because of the different composition, 
intensity, frequency, and probability of exposure [43].  
Moreover, only a few of the included studies ac-
counted for confounders [7, 20, 24], like cigarette 
smoking and additional occupational factors.

We checked and compared the association ob-
served with lung cancer in the same studies, to  
(i) understand if exposure misclassification might  
have impaired both kidney and lung cancer findings, 
and (ii) verify if a study which failed to assess an asso-
ciation with kidney cancer due to paucity of observed 
cases was able to identify an association for lung can-
cer. By doing this, we corroborated that some stud-
ies [19, 20, 24-26] could not find an increased risk  
of lung cancer in workers exposed to diesel exhaust, 
and that this unexpected finding was attributed to a 
lack of adjustment for important confounders, short 
monitoring period, or healthy worker effect. How-
ever, exposure misclassification, which receives con-
siderable attention in occupational epidemiology, is 
an even more important limitation to consider. In 
addition, it is more challenging to evaluate the im-
pact of exposure misclassification on relative risks in 
occupational studies than for confounding because 
of the absence of information on the level of mis-
classification present, and because exposure misclas-
sification probably occurs in all studies.

An additional potential limitation is the fact that 
we focused on cohort studies. We made this choice 
since exposure assessment in case-control studies is 
less reliable, and selection bias is a potential limita-
tion of this type of study. However, evidence from 
case-control studies is broadly consistent with our 
results [1, 36].

A few studies (e.g., [7]) reported results for 
multiple occupational groups exposed to diesel 
exhaust, using the same (or a largely overlapping) 
unexposed population. These risk estimates are 
therefore not independent, inflating the contribu-
tion of the overlapping populations to the results 
of the meta-analysis. Also, while the number of 
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oline engine exhaust. Int J Cancer. 2004;111(2):286-92.  
Doi: 10.1002/ijc.20263.
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Doi: 10.5213/inj.1734954.477.

9.	 Checkoway H, Pearce N, Dement JM. Design and con-
duct of occupational epidemiology studies: I. Design 
aspects of cohort studies. Am J Ind Med. 1989;15(4): 
363-73. Doi: 10.1002/ajim.4700150402.
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PRISMA 2020 statement: an updated guideline for 
reporting systematic reviews. BMJ. 2021;372:n71.  
Doi: 10.1136/bmj.n71.
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mental and other exposures with health outcomes. En-
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hort Study Checklist. Available at: https://casp-uk.net/
casp-tools-checklists/L. [Last Accessed: July 2024.]

13.	 Sidik K, Jonkman JN. A simple confidence inter-
val for meta-analysis. Stat Med. 2002 ;21(21):3153-9.  
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ity in a meta-analysis. Stat Med. 2002;21(11):1539-58.  
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Bias in meta-analysis detected by a simple, graphi-
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of lung cancer but may also affect other sites, and 
should be provided with adequate personal protec-
tion equipment.

Supplementary Materials: The following are available 
online: Table S1. Characteristics of common occupational 
diesel exposures; Table S2. PRISMA checklist; Table S3.  
Modified version of the Critical Appraisal Skills Pro-
gramme (CASP) checklist for cohort studies adopted for 
quality assessment; Table S4. Quality assessment of the 
included studies according to the Critical Appraisal Skills 
Programme (CASP) score; Figure S1. Flow diagram of 
the study selection process; Figure S2. Scatter plot of un-
weighted correlation coefficients between risk of lung and 
kidney cancers of the 16 studies reporting them.
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