


Systematic review

Figure 1

between occupational exposures and lung function, but they
were limited to a few specific occupational exposures and risk of
airflow obstruction and only included cross-sectional studies.'' ™
A recent systematic review and meta-analysis reported an asso-
ciation between exposure to organic dust and lung function
decline using data from workplace-based studies.'? While other
studies identified the association between exposre to biological
dusts, mineral dusts, respirable quartz dust, gases/fumes and
pesticides and the risk of COPD,'* they did not investigate lung
function decline."' ** ** Given there was no systematic review or
meta-analysis synthesising the relationship between occupational
exposures (ever and cumulative) and lung function decline in
longitudinal population-based studies, we aimed to examine this
association using findings reported by longitudinal population-
based studies.

METHODS

Search strategy and selection criteria

This systematic review and meta-analysis was performed
according to the updated version of the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analysis)
guideline (figure 1).'® The study was registered in PROSPERO
(International Prospective Register of Systematic Reviews) in
2020 (CRD42020154227). The detailed prespecified protocol
is available on request.

An extensive search strategy was developed to retrieve all arti-
cles published up to September 2021 in Ovid Medline, PubMed,
Embase and Web of Science. We combined three sets of Medical
Subject Headings (MeSH) keywords and text words to identify
articles (online supplemental material 1). Additional searches
were undertaken in the reference lists from retrieved articles in

PRISMA (Preferred Reporting Items for Systematic Reviews and Mata-Analysis) 2020 flowchart of peer-reviewed study selection process.

order to identify studies that may have been missed from the
initial search. We followed the Population, Exposure, Compar-
ator group and Outcome (PECO) criteria defined by Morgana
et al."” We defined cohorts as the population, the occupation-
ally exposed group as exposure, the non-exposed group (to
particular agent) as comparator and lung function decline as the
outcome of interest.

Search results were compiled using the bibliographic soft-
ware Endnote X9.3. Two independent researchers (GR and NN)
screened retrieved articles. The same investigators independently
assessed full texts of records deemed eligible for inclusion. Any
discrepancies were resolved by discussion and consensus with a
third investigator (SMA).

Inclusion and exclusion criteria

We included English language peer-reviewed studies that
reported associations between occupational exposures of interest
including biological dust, mineral dust, VGDF, fungicides, herbi-
cides, insecticides, aromatic solvents, chlorinated solvents,
metals, fibres or mists and lung function decline. We included
longitudinal population-based studies with at least 1year of
follow-up that reported an association between occupational
exposures and lung function decline. We excluded studies that
did not report lung function decline with repeated lung function
measurements. We also excluded cross-sectional, case-control,
case-series, reviews, editorials, letters and correspondence.

Exposure definitions
The exposures were subdivided into not exposed (to particular
agent, not against any occupational exposures), ever exposed,
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less likely to be exposed or low exposed, and highly exposed
according to the exposure assessment methods such as expert
assessment, Job Exposure Matrices (JEMs) or self-reported
exposure. Cumulative duration of exposure and lung function
decline were also extracted from the selected studies. All the
studies defined the non-exposed group as those not exposed to
particular occupational exposures as defined by the JEM.

Outcome definitions

The primary outcome considered in our review was annual loss
(decline rate) of pre-bronchodilator or post-bronchodilator (1)
FEV,, (2) FVC, or (3) the ratio of FEV /FVC.

Quality assessment of included studies

We assessed risk of bias of included studies using the nine items
of the Newcastle-Ottawa Scale (NOS) for cohort studies.'® The
quality of the included studies was established by evaluating
the study settings, completeness and duration of the follow-up,
validity and completeness of exposure and outcomes ascertain-
ment, generalisability of the study findings and adjustment for
the known confounding variables using NOS (more details are
given in the online supplemental material 1). The scale granted
a maximum of nine points for each cohort, studies were assessed
as good quality if they scored at least six items, moderate quality
if they scored in four or five items, and low quality if they scored
for three or fewer items."” All the included studies scored six or
more in quality assessment.

Data extraction and statistical analysis

The following information was extracted: first author, study
location, sample size, study design, duration of follow-up,
age at inception, occupational exposures assessment methods,
measurement of lung function decline and confounders adjusted.
FEV, and FVC or ratios of FEV /FVC were extracted with corre-
sponding coefficient (B) and 95% confidence intervals (Cls) for
the 11 exposures from the studies included. Studies with similar
type of exposures and uniform pattern of outcomes assessment
were combined for meta-analysis. Although there was variation
in the study results, methodology and location, we included
four studies for ever exposures and three studies for cumula-
tive exposures out of 12 in meta-analysis (one study was added
twice because it reported two cohort results separately in the
same article). Sub-group analysis was conducted for FEV, of nine
exposures with similar exposure assessment (ALOHA plus JEM).
As the heterogeneity between the studies varied, we performed
both fixed and random effects meta-analysis and the pooled
estimates were displayed using forest plots, and the publica-
tion bias was assessed using the funnel plot*” and Egger’s test
(p<0.05 considered representative of statistical significance).*!
The heterogeneity between studies was assessed using Higgins
I* statistic.””> We used Stata version 16.1 (Stata Corporation,
College Station, Texas, USA) to perform the statistical anal-
yses and pooled estimates were calculated by using the ‘metan’
package.

RESULTS

Study selection

In total, 2944 records were identified through the initial data-
base searches. Following the removal of 675 duplicates, the titles
and abstracts of 2269 records were screened to identify papers
eligible for full-text assessment. This left 222 articles where the
full texts were reviewed. Studies were also included for full-
text assessment if it was not clear from the title and/or abstract

whether the article included data on occupational exposures
and lung function decline. Twelve relevant articles were finally
included in this systematic review, and four articles included in
the meta-analysis of ever exposures and three articles for cumu-
lative exposures (figure 1).

The summary characteristics of the 12 population-based
cohort studies’ 2 73 are presented in table 1 and the data on
lung function decline are presented in online supplemental mate-
rial table S1. The duration of follow-up in the studies ranged
from 4.5 to 25 years, sample sizes ranged from 237 to 17833,
and the mean age at baseline ranged from 33.9 to 60.6 years.
Eleven studies included both male and female participants, and
one study included only male participants.*® The methodological
quality of all the studies included in the systematic review ranged
from six to eight out of a scale of nine (table 2). This parameter
indicated a good overall quality, so sensitivity analysis was not
conducted by excluding any papers.

The studies used different exposure assessment methods.
Most of the studies used JEMs to assess exposures,’ 2 2 24 28732
however only three studies were based on self-report.
Exposure metrics (eg, ever/never, low/high, cumulative) were

assigned by lifetime work history calendars,' % 3°32 current
job titles? 24 28 31

and any jobs at baseline or follow-up.>**" All
studies reported FEV, and six studies' 2324283032 4150 reported
FVC as indices of lung function. The units for lung function
decline were presented as either ml/year or %predicted/year.
Ten studies followed American Thoracic Society (ATS) and
European Respiratory Society (ERS) guidelines to perform
spirometry,' 2 #7¢ 232 but two studies did not mention any
spirometry guidelines.”” *® Eight studies presented outcomes
using pre-bronchodilator (BD) spirometry,! * 2* 26728 3031 o
studies used post-BD spirometry,” ** one study used both pre-BD
and post-BD,? and one study perform spirometry without BD.*
One study included early COPD and current smokers at the base-
line of the cohort,” whereas the other cohorts did not have this
criterion. All studies adjusted the associations for age, sex and
smoking status except for one, which adjusted only for sex and
socioeconomic status as this study developed a directed acyclic
graph model for potential confounders and found smoking did
not confound the association. Another three studies addition-
ally adjusted for asthma, previous respiratory infection or lung
diseases, co-exposures, among other factors.' 2’

25-27

Occupational exposures (ever and cumulative) and lung
function decline
Of the 12 studies, six reported associations between biological
dust and decline in FEV,, FVC or ratio of FEV /FVC as lung func-
tion outcomes (online supplemental material table $1).! 22439732
Two studies reported a significant decline in FEV, for ever expo-
sures to biological dust compared with never exposures.”* >
The pooled estimates from both fixed and random effect meta-
analysis found little evidence of heterogeneity (I*=09) and
1.42ml/year decline in FEV, was observed with ever exposures
to biological dust (figure 2). However, a meta-analysis of cumu-
lative exposures provided evidence of an association for biolog-
ical dust in the fixed effect model (table 3, online supplemental
material figure S1). Publication bias was assessed by funnel plot
(online supplemental material figure S3A and online supple-
mental material S4A) and an Egger’s test for small-study effects
showed no publication bias (p=0.001).

Seven studies reported the association between ever expo-
sures to mineral dust and decline in FEV , FVC or ratio of FEV /
FVC.1 224263032 None of the studies reported the statistically

Rabbani G, et al. Occup Environ Med 2023;80:51-60. doi:10.1136/0emed-2022-108237

53

“ybLAdod Aq paoaloid 1sanb Ag £20z ‘9 Aleniga- uo /wod g wao//:dny woiy papeojumod "ZZ0zZ 41890190 #Z U0 /£280T-2202-PaWwao/9sTT 0T Se paysiiand 1sii :pa\ uoiiaug dnooQ


https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
http://oem.bmj.com/

Occup Environ Med: first published as 10.1136/0oemed-2022-108237 on 24 October 2022. Downloaded from http://oem.bmj.com/ on February 6, 2023 by guest. Protected by copyright.

(pooyp|iyp> ‘feusdied ‘jeusalew) ewyise ‘snieys

ones HA
/'A34 3y} pue ‘A34 ul sulpap pajess[ede ue yum

‘Ajjed160jo1wapid3 pue Ajjeaibojoidos :uaipjiyd dnewyisy 01 Ajjenjuang suaddeH 1eypn ‘ISYIHM ‘SISIN

pue si3qy4 ‘sawin ‘sasen ‘ysnq ‘sinodep ‘NIH4dDA ‘sawn4 pue sasen snq ‘sinodep 4aOA Apnis YyeaH euipnyibuo] uejuewse] ‘SHYL ‘SyNpY ul aseasiq bunT pue uonn|jod Aty uo Apnis LYo SSIMS vIdTvdVS Xuiepy ainsodx3 qor ‘3r Xuiepy ainsodx3 qor uonejndogd
[e13UD) ‘WIrdD Audede [eyA padiod AL 9s | ul awnjop Alojendx3 padiod “*A34 “Apnis Aaning yijeay Aiojeldsay Auunwiwo? ueadoing ‘sHYH3 ‘suonduwnssy aualbAH [euonednd( 4o 107 v ‘YHOTY Xuiel 3insodx3 qof ainsodx3 [ealway) awiogqiy ‘Wi 30V

aInsodxa Jo poyra |\

uondadui e aby

dn-moj|o} jo uoneing

Kpnis pue uonesot

21WOU030120s ‘(1eaf-yaed ‘B ‘Jua.und) [P31L120SSe 3JaM S|elaW pue 1snp |edulw ‘1snp Kioysiy spiom (ueauw) (L1/100Z-1661 pue
snjels Bunjows "ewiyise JuaLnd ‘Wbiay xas by ed16ojolq 0} sainsodxa [euonednado ulel-buol  awnaj pue War snjd YHOTY 695 71/010Z-€6/1661) €91 €€8LL VIQ1vdVS pue SHY3 (0207) 5, 7€ 12 senky
101e[IpOYdUOIq INOYLM pasn Apnis
aul8p uoiduNy Kioisiy yiom
SN1e]s JIWOU0II0I0S PUe X35 Bunj| yum pajenosse sem JqOA 0} ainsodx3  awnayl| pue N3 snid YHOTY L'0FL€ES (9107-8002) 8 158 Apnis SHyL ‘eljensny (6102) ¢;'/2 92 Ing
J01e|ipoyduoig-1sod pue Jojejipoyduoig-aid Y1oq pasn saipms
(ueauw)
el bRy @dod AMes yum uaw ur uonouny bunj ur auipap dn-mojjoy pue '8y 9]eway Apnis yyeay bun)
‘(ou/saf ‘ep sad senalebid) sniels Buiyows ‘9by o 81eJ By} YuM pajeosse sem sawny 0} ainsodx]  auljaseq 1e sqol pariodal-|as ‘v'8y 3 (1661-9861) S ¥ZLS  2nuddnnwW ‘epeue) 'ysn (£007) ¢, [e 32 J3gueH
Buizaaym pooypiiyd aney jou pip oym ajdoad
snels  ul s1eak (g Jano uonduny bun| padnpal Jo st sy} fioysiy
|euoieanpa ‘bupjows Jo sieak-yed ‘abe 'xag  paseasdul sinode pue isnp [ed16ojolq 0] pasodx3 S40M awnayl| pue NIf 3DV §'179'09 (#107-6861) 5T LET 10Y0d ISYIHM N (£107) 4¢'[e 32 eAdhibe)
101e[1poypuoig-1sod pasn saipnis
‘A34 dn-mojjo} (abuey)
1ybiay ‘Bupjows by Ul auIPap By} Pasea.dUl UsW Ul IShp 0} pasodx3  pue auljaseq 1e papodal-}as 061 (1861-8961) €1 7981 fpms modery ‘puejod  (S861) /e 39 DisimouezAziy
"A34 U1 auipap yum uablag jo Ansibas
Wbray ‘buryows ‘aby palenosse a1am sjelaw pue saseb 0} sainsodx3  dn-moj|oy e sqol papiodal-yjas 8'8F8¢  (06/8861—0£/5961) €7 (d]ew Ajuo) |G6 uonejndod ‘AemionN (€661) o7 /2 12 J2HBWNH
dn-mojjo} Jo syuedidiued bunok Ajpaieas (ueaw)
yabua) ‘xapul ssew Apoq ur abueyd ‘xapul ssew Jo uonejndod e ur uonduny bunj| ui abueyd o} 76°E€ d|ew?ay
Apoq ‘1ybiay ‘senraiebid Jo Jaquinu ‘Bupjows ‘aby  paje|al Jou aiam sawny pue saseb ‘Jsnp o} pasodxy qol Jua.ind pue \3f ‘lovEdRIN  (20/3661—E6/1661) 6 €978 Apmis SHYD3 (5000) 1232 J1afung
saInsodxa-0d uoiduny bun| ur aulpap qol (uelpaw) Apnis uabuipiee|p
pue uonouny bunj Jo 93] ‘sieak-yded ‘sbe ‘xas [enuue Y1IM pa1eldosse sem ainsodxa apidisad  Juaiind pue WIr snjd YHOTY G (0661-5961) ST £TST  -appamibelA ‘spuepiayiaN (7102) , /e 42 Buor ap
onel /A3 qolJuauind pue (3r adod fpms
WpBIay ‘steak-yped ‘Bupjows ‘9be xas  jou Ing ‘A34 JO SSO| ay} 0} pajejal ainsodxa Isnq 45D wouy payipow) NIf 90LF LY Ll 7€€1L Ueay weybuiwel ysn (5102) 4,12 30 0BI
53.ns0dxa-0d abe
pue euwy}Sse JUSLIND ‘ewyise pooypjiyd ‘sniels 3|ppIW Ul 3ulap uonduny bun| yum parerosse Kioisiy spiom
21WOU03301205 WybIaY ‘sieaf-yped ‘Buiyows ‘xag  3I9Mm S|e1SUW pue sawny/saseh ‘sJusAjos dnewoly  awnaj| pue WIr snjd YHOTY 80F8 i (010Z-002) 9 191 Apnis SHYL ‘eljensny (6102) /e 32 IV
3WOodUl AJYIUOW  SISHOWS-UOU puE USLIOM U} uonduny bunj amo| qol pfay 1sej 1o Apnis 1oyo)
‘uoneanpa ybiay ‘sieak-yped ‘Bupyows ‘xas ‘aby e Buiney Jo ysu Jaybiy 1e aie siajows pue usjy  Juaund pue \3f snid YHOTY UFh (27 6SLEL EEEESEIEINEN] (0207) , /e 42 anbney
fioysiy Apnys uonendod [esausn
auipap uonduny bun| pue ygop  HOM SWHSH| puB N3r 3OV SFLY 6 4474 uabeyuado) Hyewuag (1202) o 12 2 Aqeexs
‘A34duieseq  pue sawny/saseb Jsnp [esauiw Jsnp (eatbojolq o} fioysiy Apnmis peay Ay
pue sjybram ‘uonednps ybiay Burjows 'xas  insodxs UsBMIB PIAIISIO I9M SUOIRIDOSSE ON 40M awnayl| pue WIf 3DV ez 6 4] usbeyuado) Hyewuaq (1200) (¢ 12 32 Aqeeys
101e[1poyduoig-aid pasn saipns
paisnlpe sispunojuo) salpnis 3y} jo Arewwns judwssasse  (gSFueaw ‘sieak) (1eaf)  azis ojdwes sweu (1ea£) soyyne 3si14

s
2
>
[}
pul
S

aulpap uonduny bun| pue

(3AnEINWND pUE JaA3) S3INsodxa [eUOIEANIDO UBIMIA] UOIIRIDOSSE BY} PAUIIEXD Jey} M3IARI J1ewalsAs ayl Ul papnpul saipnis paseg-uope|ndod jeuipnyibuo] 7| 8y} jo sanspaeIeYd Alewwns

1 °jqeL

Systemat

80:51-60. doi:10.1136/0emed-2022-108237

i

Rabbani G, et al. Occup Environ Med 2023

54


http://oem.bmj.com/

Systematic review

@
i —
] o
A
© -
£ S
o o
- | WO O ™~ 0 W I~ ©W O I~ I~ I~ ™~
“—
S S
> o
e
$Iy
=
85
= £
=
L O[O — — — —« —« © © — — — —
=
=
5 &
2L 3
7o
25w
%]
Sgg
-2‘”8
w D
c 5
SRONESH — |~ |~ [ | = |~ |||~ |~ |~
.
©
-
5
‘U (1]
E| EBE
o w O
LS o O
v =
=) =
o L O | = = — = = = = = = — — «—
5| |8
o =
n o=
— e =
< 22
<} ks
1= o o
0 w— O
g3
w228
%::-..
B\.n.ng
:gg'ﬁ.‘ﬁ
Slala8 5
S|E|Ews
S| o 2 ¢
EUU#N—N—NOF\—P\——‘——
o )
=] Ex
Q S g
<@ 59
- © 5
e -
© =
o e 0o
= =
<1} ]
= 222
5 Euw
= g ©
e} 25":
g Ous
© £S89
o D o
= ERORTH — | — |— [« | |— |~ | |||~ |~
2 -
s 5
= Eg
%) c >
et —
B T o
£ o
e o X
[ o v
- N oy
Q2 < 0|0 © © © © © © © © © © ©
v ]
) =
= =2
=]
£ 2e
+ O
=} - =
<} © ©
he] e ©
S °3
= ‘dg
= -]
D =
4] T X
o N D[ = = = = == = = = =
E
u—
@ 5}
~ 2t
— o ©
e c <
S) J O
@ =9
g 5%
-
O e c &8
wile [T
>| 5 w £
£1% a3
S| 3 g2
g_m el — — — |- [~ = === |~ |—= |~
©
= @
> 3
=) .o
S . = n =
8 S ST |BEf
= sl 8 AlzxSEIS| |85
<1} S S 2N 5|1 S, '@
= =3 RS L NN n 5 B
Bl'=R ® a8 8% %L gw
9T L T - = = & 2
o N s
>“-‘“m—.~°~’\'q,,q..~:§
o~ ~| O |4 <~ < o ® T T © ©
= > (2|2 I8 &8 |5 oD . | |ES
& (8 w 3 £ + 3T £ 3 & o 8
= £|® ©« § @ o > S & > I
= =il T8 S22 SecRL2E &
© S|l 8 8§ = 53 8.8 o ©® 5 3 &
= =<L| » | o |w < |@|—|S | T |T |* | (X

significant association for decline in FEV , however Sunyer et al
reported that women had a greater decline in FEV | but the asso-
ciation was not significant for men.*' One study by Faruque et al
reported a significant decline in FVC with exposure to mineral
dust compared with never exposures (online supplemental mate-
rial table $1).>* Meta-analysis for both ever and cumulative
exposures did not show significant decline in FEV, compared
with never exposures (figure 2, table 3). No publication bias was
found by visualising the funnel plot (online supplemental mate-
rial figure S3A, S4A), and Egger’s test for small-study effects also
showed no sign of publication bias (p=0.001).

Exposures to gases/fumes have been reported in seven
studies.! 2*2¢ 3932 The meta-analysis found a statistically signifi-
cant decline in FEV, for ever and cumulative exposures to gases/
fumes compared with never exposures (figure 2, table 3, online
supplemental material figure S1). There was a moderate amount
of heterogeneity for ever exposures (I=45.7%) but cumula-
tive exposures showed little evidence of heterogeneity (I>=0%)
between the studies. Funnel plot (online supplemental material
figure S3A and online supplemental material S4A) and Egger’s
test for small-study effects showed no publication bias in the
analysis (p=0.001).

Combined exposures to VGDF and decline in FEV, were
reported in five studies (online supplemental material table
§1).12233032 The meta-analysis of both fixed and random-effects
models found a statistically significant decline in FEV, (1.77 mL/
year and 3.31mL/year) for ever exposures to VGDF compared
with never exposures (figure 2). The trend was consistent for
cumulative exposures to VGDF and decline in FEV| (table 3,
online supplemental material figure S1). There was a large
amount of heterogeneity for ever exposures (I*=71.7%) and
no evidence of heterogeneity (I*=0%) for cumulative exposures
between the studies was found. Funnel plot (online supplemental
material figure S3A, S4A) and Egger’s test for small-study effects
showed no publication bias in the analysis (p=0.001).

The meta-analysis of ever and cumulative exposures to fungi-
cides, herbicides and insecticides and the decline in FEV, found
consistent results in both models. Ever exposures to fungicides
were found to be associated with a 3.11mL/year decline in
FEV, (figure 3) in the fixed-effect model and a similar trend
was observed for cumulative exposures (table 3). However, the
association was not statistically significant in the random-effects
models for both ever and cumulative exposures. No statistically
significant association was found for ever and cumulative expo-
sures to herbicides and insecticides and a decline in FEV, was
found. The heterogeneity between the studies showed small to
moderate heterogeneity (figure 3, online supplemental material
S2). The funnel plot (nd online supplemental material figure S3B,
S4B) and Egger’s test for small-study effects showed no publica-
tion bias in the analysis (p=0.18 and p=0.00, respectively).

The decline in FEV, was significantly associated with the ever
and cumulative exposures to aromatic solvents. The pooled
estimates of ever exposures to aromatic solvents was found to
be associated with a greater decline in FEV, for both models
(6.16 mL/year and 7.35 mL/year, respectively) compared with
never exposures (figure 4). Cumulative exposures to aromatic
solvents also exhibited a statistically significant decline in
FEV, (0.60 mL/intensity-year) compared with never exposures
(table 3, online supplemental material figure S2). No associa-
tion was found between metals and decline in FEV,. There
was a moderate amount of heterogeneity for ever exposures
(I’=57.4%) and no evidence of heterogeneity (I>=0%) for
cumulative exposures between the studies was found. The funnel
plot (online supplemental material figure S3B, S4B) and Egger’s
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Decline in FEV1 (ml/year)

Study Cohort Coeff (95% CI)
Biological dust

Skaaby 2021 CCHS — -2.80 (-8.30, 2.70)
Skaaby 2021 CGPS -0.50 (-2.65, 1.65)
Faruque 2020 LCS -4.00 (-8.00, -0.00)
Alif 2019 TAHS -0.50 (-8.70, 7.70)
de jong 2014 VS —o- -1.50 (-4.74, 1.74)
Fixed effect (I-squared = 0.0%, p = 0.628) <3 -1.42 (-2.96, 0.12)
Random effect < -1.42 (-2.96, 0.12)
Mineral dust

Skaaby 2021 CCHS —o -2.10 (-6.00, 1.80)
Skaaby 2021 CGPS -0.80 (-2.65, 1.05)
Farugue 2020 LCS -2.00 (-6.00, 2.00)
Alif 2019 TAHS -4.60 (-13.15, 3.95)
de jong 2014 VS -0.16 (-3.22, 2.90)
Fixed effect (I-squared = 0.0%, p =0.818) < -1.07 (-2.43, 0.29)
Random effect e -1.07 (-2.43, 0.29)
Gases/fumes

Skaaby 2021 CCHS —— -5.30 (-10.85, 0.25)
Skaaby 2021 CGPS j_ -1.10 (-4.15, 1.95)
Faruque 2020 LCS 0.00 (-4.00, 4.00)
Alif 2019 TAHS — -11.40 (-19.95, -2.85)
de jong 2014 WS —&- -2.58 (-5.66, 0.50)
Fixed effect (I-squared =45.7%, p=0.118) (o -2.23 (-4.00, -0.47)
Random effect < -2.67 (-5.24, -0.09)
VGDF

Skaaby 2021 CCHS —o -2.00 (-5.30, 1.30)
Skaaby 2021 CGPS <+ -0.70 (-2.30, 0.90)
Bui 2019 TAHS —— -10.50 (-15.75, -5.25)
de jong 2014 WS 4 -1.80 (-4.35, 0.75)
Alif 2019 TAHS - -7.80 (-16.66, 1.06)
Fixed effect (I-squared =71.7%, p = 0.007) O -1.77 (-2.98, -0.56)
Random effect < -3.31 (-6.12, -0.49)

T T
-45 -30

-15 0 5 10

Exposures (ever/never)

Figure 2 Forest plot showing the association between exposures to biological dust, mineral dust, gases/fumes and vapours, dust, gases and fumes (VGDF)
and forced expiratory volume in 1 s (FEV,) decline. CCHS, Copenhagen City Heart Study; CGPS, Copenhagen General Population Study; LCS, Lifelines Cohort
Study; TAHS, Tasmanian Longitudinal Health Study; VVS, Vlagtwedde-Vlaardingen Study.

test for small-study effects showed no publication bias in the
analysis (p=0.25 and p=0.0, respectively).

DISCUSSION

Our systematic review and meta-analysis assesses the evidence
on the association between ever and cumulative occupational
exposures and lung function decline in longitudinal population-
based studies. Ever and cumulative exposures to gases/fumes,
VGDF and aromatic solvents were significantly associated with
FEV, decline. Associations between ever exposures to fungicides
and cumulative exposures to biological dust, fungicides and
insecticides and decline in FEV, were also observed in fixed-
effect models. Exposures to mineral dust, herbicides and metals
and decline in FEV, were not statistically significant in fixed
or random effects models for meta-analysis of both ever and
cumulative exposures. However, these occupational exposures
appeared to confer a decline in lung function in pooled estimates
for both of the models.

The pooled estimates of ever exposures to gases/fumes and
decline in FEV, was observed to be statistically significant
compared with never exposures. A meta-analysis of cumulative
exposures to gases/fumes also found consistent evidence of the
decline in FEV, for both fixed and random effects models. To

our best knowledge, no previous studies have reviewed or meta-
analysed these associations. Our systematic review found incon-
sistent associations between exposure to gases/fumes and FEV,
in population-based studies (online supplemental material table
S1). However, the Vlagtwedde-Vlaardingen Dutch cohort found
lower FEV, and FEV /FVC ratio with high exposure to gases/
fumes and the association was significantly stronger for ever
smokers.® Sunyer et al from ECRHS I and II data reported that
women had a 3 mL/year greater decline i in FEV, compared with
men for high exposure to gases/fumes.’! The association was
also stronger for ex-smokers and no association was observed
for men.’! In addition, a study from Norway found a greater
decline in FEV, only in men in exposure to sulphur dioxide
gases.”® Another study from the Netherlands found faster decline
in FVC in exposure to gases/fumes.**

Cross-sectional studies have found that occupational expo-
sure to VGDF was clearly associated with lower level of FEV,
and FEV /FVC in the general population.'® > ** The associations
between exposure to VGDF and decline in FEV, are inconsis-
tent in our systematic review (online supplemental material table
S1). However, our pooled results showed a strong association
between ever and cumulative exposures to VGDF and decline
in FEV,. Australian study data used from the TAHS cohort used

56

Rabbani G, et al. Occup Environ Med 2023;80:51-60. doi: 10.1136/0emed-2022-108237

“ybLAdod Aq paoaloid 1sanb Ag £20z ‘9 Aleniga- uo /wod g wao//:dny woiy papeojumod "ZZ0zZ 41890190 #Z U0 /£280T-2202-PaWwao/9sTT 0T Se paysiiand 1sii :pa\ uoiiaug dnooQ


https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
https://dx.doi.org/10.1136/oemed-2022-108237
http://oem.bmj.com/

Systematic review

Table 3  Association between cumulative exposures (per intensity-year) and decline in FEV, (mL) in three studies included in systematic review and

meta-analysis

Occupational exposures

Authors, years and cohort

Alif et al." (2019) (TAHS cohort)

de Jong et al.? (2014) (VVS)

Lytras et al.?® (2020) (ECRHS cohort)

Lytras et al.?® (2020) (SAPALDIA cohort)

Meta-analysis (B-coefficient)

Biological dust

Mineral dust

Gases/fumes

VGDF

Fungicides

Herbicides

Insecticides

Aromatic solvents

Chlorinated solvent

Metals

0.1 (-0.04t0 0.3)

0.1(-0.1t00.2)

-0.1 (=03 to -0.1)*

~0.03 (-0.14 10 0.07)

0.2 (-0.2t00.5)

0.3(-0.1100.7)

0.1(-0.2t00.4)

-0.6 (-1.0t0 -0.3)*

-0.1(-0.3100.1)

-0.1(-0.2t0 0.1)

Data are presented as coefficients (95% confidence intervals).
*Statistically significant associations.
ECRHS, European Community Respiratory Health Survey Study; NA, Not Applicable; SAPALDIA, Swiss Cohort Study on Air Pollution and Lung Disease in Adults; TAHS, Tasmanian Longitudinal Health Study; VGDF, Vapours, Dust, Gases and Fumes ; VVS, Vlagtwedde-Vlaardingen Study.

both pre-BD and post-BD spirometry measurements and found
strong associations for high exposure to VGDF and decline in
FEV, in both measurements (we included pre-BD measurement
in our meta-analysis).”> A Dutch cohort found a lower level
of FEV, and FEV /FVC with high exposure to VGDF and the

—0.02 (~0.04 to 0.00)

—0.01 (-0.04 t0 0.01)

—0.02 (-0.05 t0 0.01)

~0.02 (~0.04 to 0.00)*

—0.03 (-0.05 to -0.01)*

—0.02 (-0.04 to 0.01)

-0.03 (-0.05 to -0.01)*

NA

NA

NA

—-0.39 (-1.13 t0 0.31)

—0.39 (-0.96 to 0.20)

—0.10 (-0.62 to 0.43)

~0.10 (<0.51 t0 0.32)

—1.62 (-3.10 to -0.14)*

-2.74 (-4.82 to -0.54)*

-1.56 (-3.03 to -0.11)*

0.57 (~0.56 to 1.70)

—0.48 (-1.34 t0 0.37)

-0.51(-1.28 t0 0.27)

—0.81 (-1.59 to —-0.05)*

-05(-1.22t00.21)

—0.23 (-0.89 to 0.42)

~0.38 (-0.87 10 0.12)

0.17 (-1.45 t0 1.75)

0.23 (-1.45 to0 1.88)

0.04 (-1.03t0 1.10)

—0.59 (-1.97 t0 0.78)

—0.50 (-1.50 to 0.50)

-0.75 (-1.71 t0 0.21)

Decline in FEV1 (ml/year)

Fixed
Random
Fixed
Random
Fixed
Random
Fixed
Random
Fixed
Random
Fixed
Random
Fixed
Random
Fixed
Random
Fixed
Random
Fixed

Random

Study Cohort Coeff (95% Cl)
Fungicides
Faruque 2020 LCS ——4€—> 5.00(-3.50, 13.50)
Alif 2019 TAHS -4 -2.40 (-4.85, 0.05)
de jong 2014 WS —— -5.10 (-8.03, -2.17)
Fixed effect (I-squared =64.2%, p = 0.061) O -3.11 (-4.95, -1.28)
Random effect <>> -2.50 (-6.11, 1.10)
Herbicides
Faruque 2020 LCS ———4~> 7.00 (-6.50, 20.50)
Alif 2019 TAHS —_— -4.90 (-16.05, 6.25)
de jong 2014 VVS — -2.56 (-5.72, 0.60)
Fixed effect (I-squared =2.8%, p = 0.357) C> -2.26 (-5.23, 0.71)
Random effect <>> -2.21 (-5.46, 1.05)
Insecticides
Faruque 2020 LCS —€— 2.00 (-6.00, 10.00)
Alif 2019 TAHS —&@———— -2.80(-14.25,8.65)
de jong 2014 WS —— -4.99 (-9.97, -0.01)
Fixed effect (I-squared = 5.4%, p = 0.348) <>’ -3.01 (-6.98, 0.96)
Random effect <>> -2.91 (-7.07, 1.26)
T T T 1
-45 -30 -15 0 5 10

Exposures (ever/never)

—0.02 (-0.04 to —0.00)*
—0.09 (~0.24 to 0.06)
-0.01 (~0.04 t0 0.01)
—0.06 (~0.17 to 0.05)
—0.03 (~0.06 to 0.00)
—0.03 (~0.06 to 0.00)
—0.02 (~0.04 to —0.00)*
-0.02 (~0.04 to —-0.00)*
-0.03 (~0.05 to -0.01)*
—0.14 (-0.43 t0 0.14)
—0.02 (-0.05 to 0.00)
—0.25 (~0.69 to 0.20)
-0.03 (-0.05 to —-0.01)*
-0.08 (-0.28 t0 0.12)
-0.60 (-0.92 to -0.27)*
—0.60 (-0.92 to —0.27)*
—0.13 (--0.32 t0 0.06)
—0.13 (-0.32 to 0.06)
—0.13 (-0.27 t0 0.02)
—0.23 (-0.57 t0 0.10)

association was strong for ever smokers (96 mL/year decline).?
However, a multicentre study by Zock et al did not find a
decline in FEV, for high exposure to VGDF, but a mean 61 mL/
year decline in FEV | was observed for current smokers.** VGDF
exposure was also associated with a decline in FEV /FVC ratio

Figure 3 Forest plot showing the association between exposures to fungicides, herbicides and insecticides and forced expiratory volume in 15 (FEV.)

decline. LCS, Lifelines Cohort Study; TAHS, Tasmanian Longitudinal Health Study; VVS, Vlagtwedde-Vlaardingen Study.
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Decline in FEV1 (ml/year)

Study Cohort

Coeff (95% Cl)

Aromatic solvents

Faruque 2020 LCS —_— T -4.00 (-13.50, 5.50)
Alif 2019 TAHS —_— -15.50 (-24.75, -6.25)
Bui 2019 TAHS -4.40 (-8.95, 0.15)

Fixed effect (I-squared = 57.4%, p = 0.096)

Random effect

Metals
Faruque 2020 LCS
Alif 2019 TAHS

Fixed effect (I-squared = 55.3%, p = 0.135)

Random effect

M

+
<> 6.16 (-0.91, -2.41)
S -7.35 (-14.06, -0.64)
- -2.00 (-8.00, 4.00)
-11.30 (-21.90, -0.70)

-4.26 (-9.48, 0.96)
— -5.58 (-14.45, 3.29)

T T
-45 -30

T T T
-15 0 5 10

Exposures (ever/never)

Figure 4 Forest plot showing the association between exposures to aromatic solvents and metals and forced expiratory volume in 1's (FEV,) decline. LCS,

Lifelines Cohort Study; TAHS, Tasmanian Longitudinal Health Study.

reported in two longitudinal population-based studies in our
systematic review.! 2

The associations between exposure to herbicides, insecti-
cides and fungicides were inconsistent in the systematic review
(online supplemental material table S1). The pooled estimates
also showed similar trends for ever and cumulative exposures
and decline in FEV . However, ever exposures to fungicides and
cumulative exposures to fungicides and insecticides exhibited an
association only in fixed-effect models but the association was
attenuated in the random effect models. Similar to our meta-
analysis, several workplace-based cross-sectional studies also
found lower FEV, and FVC following exposure to fungicides,
herbicides and insecticides in farmers or agricultural workers
or pesticide applicators,”>>° whereas a few studies also found
no associations.*® * A recent systematic review and meta-
analysis reported a reduction of FEV /FVC following pesticide
(cholinesterase inhibiting) exposure in the general population.*?
However, a Dutch cohort study reported that high exposures
to fungicides, herbicides and insecticides were associated with
significantly lower levels of FEV, and exposure to fungicides are
also related to lower levels of FEVI/FVC.8

The reason for these inconsistencies could be related to
spirometric criteria, where some studies reported pre-BD, but
others post-BD measurements. The ATS/ERS guideline recom-
mends using post-BD spirometry to distinguish between revers-
ible (asthma) and irreversible (airflow obstruction) obstruction,
particularly in younger adults.* However, none of the studies
included used post-BD to measure lung function. The previous
NHANES III study described that the use of a bronchodilator
might vary the association up to 200% due to differences in
spirometric criteria between population-based studies.**

Results from population-based studies have provided evidence
of the association between lung function decline and solvent
exposures (online supplemental material table S1), which
is consistent with several population-based cross-sectional
studies.® =% We found a significant association between ever

and cumulative exposures to aromatic solvents and FEV, decline
in our meta-analysis compared with never exposures. Two
studies from the Australian TAHS cohort found a strong asso-
ciation between exposure to aromatic solvents and decline in
FEV, and FVC, when lung function was defined using pre-BD
spirometry and adjusted for all possible confounders, including
sex, smoking, socioeconomic status and so on.' 2 However,
another study from the same cohort did not find a significant
association with post-BD spirometry to define lung function and
also did not adjust for smoking in the final model.”® This also
indicates that the difference in spirometry and the use of pre-BD
measurements could overestimate the results.

The lung function parameters were not uniform across studies,
and therefore it was difficult to include all studies in the meta-
analysis for pooled estimates of ever and cumulative exposures
and lung function decline. Furthermore, several methods have
been used to assess occupational exposures in population-based
studies, as direct assessment of exposure is difficult in such
studies. Most of the studies reported absolute FEV, as a measure
of lung function decline, while a few reported %predicted or the
ratio as a measure of lung function decline. Another concern is
that the association between occupational exposures and lung
function could be confounded by pre-existing occupational
or work-exacerbated asthma and co-exposures. Most of our
included studies did not adjust for asthma, except Alif e al and
Lytras et al and only two studies’ % included in the meta-analysis
were adjusted for co-exposure. To untangle the possible effect of
asthma and co-exposure on lung function decline, longitudinal
studies should adjust for asthma and co-exposure or use the
universal non-exposed group across all exposures in the statis-
tical analysis.

The subjects in most of our included studies had a wide age
range, and a few of them included young adults in their thir-
ties.? 23! The decline in FEV, and FVC may accelerate with age
and is also exacerbated by smoking."” Several cross-sectional*® *
and longitudinal studies reported that lung function parameters
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such as FEV, and FVC decline with age.’"! Because some factors
such as loss of lung elasticity weakened respiratory muscles and
decreased surface area for alveolar gas exchange, these were
invariably accompanied by ageing."” For example, the ECRHS
reported that high exposure to VGDF was associated with 61 mL
lower FEV, in current smokers®® whereas the LifeLines cohort
Study from the Netherlands found 96 mL lower FEVI.8 These
differences might related to younger average age of the ECRHS
sample (range 20-44 years) compared with the LifeLines cohort
(range 18-89 years).® Therefore, age is an important factor for
change in lung function, as lung function decline is evident
above the age of 30,°* moreover the variability of individual
measurements around the median is not uniform across all ages
and heights.”® There was a variation in mean age across the
studies which could underestimate the pooled estimate the FEV,
in our meta-analysis. Furthermore, the inclusion of population-
based studies reduced the number of exposed people could have
further restricted the number of studies to detect an association.
Most of our included studies did not present their results strati-
fied by age. Therefore, it was not possible to conduct age specific
subgroup analysis in the meta-analysis. Lung function declines
with age in normal, asymptomatic adults with higher rates of
decline in FEV, and FVC in men compared with women."
Some studies also reported that sex was a modifying factor;
however not all studies reported stratified analysis by sex, which
prevented us from conducting subgroup analysis.

The strengths of this review are the inclusion of the longi-
tudinal population-based studies with objective measurements
of lung function and a minimum of 1year of follow-up with
adjustment for important confounders such as smoking, age
and sex. We have attempted to use standardised classification
of exposure and outcome definition. We have focused on FEV,
as a parameter of lung function decline, preferably with pre-BD
measurement as most of the studies reported it. All studies in
the meta-analysis of ever and cumulative exposures used similar
spirometry measurements to control the heterogeneity except
one study®’ used without BD in the meta-analysis of cumula-
tive exposures. Another important thing is that the consistent
exposure-outcome associations existed between ever and cumu-
lative exposures.

Our review used consistent exposure assessment as most of
the included studies used ALOHA plus JEM to assess exposures.
This is a useful method for occupational exposure assessment
because JEM consistently assigns exposures, irrespective of the
disease status of an individual, which helps to reduce differential
information bias.'" The advantages of JEM helped to evaluate
the possible effect with greater precision. However, a few studies
also used less reliable self-reported exposure assessment, >’
which was not included in the meta-analysis. Follow-up time is
of great importance, and in order to reliably assess lung func-
tion decline, several years of follow-up are required to achieve
robust estimates, as argued by Burrows et al,”* and supported
by an official statement from the ATS/ERS on spirometry in the
workplace.”® In our systematic review and meta-analysis the
follow-up ranged from 4.5 years to 25 years.

There are a few limitations in our study. JEM-based exposure
assessment includes crude categories of ever exposures; there-
fore, we are unable to identify the specific gases, fumes, fungi-
cides, herbicides, insecticides, aromatic solvents, chlorinated
solvents, and metals or fibres and the exact duration of expo-
sure responsible for lung function decline in individuals. The
number of studies included in the meta-analysis was small due
to strict inclusion and exclusion criteria. The inclusion of small
numbers of studies in our meta-analysis might restrict statistical

power to detect the association in pooled estimates and affect
the generalisability of the results. Reporting bias may also be
of concern due to the known risk of publication of studies
with significant results. We assessed publication bias by visual
inspection of funnel plots and did not observe any clear trends
of bias. We were also unable to perform any subgroup analysis
because the studies did not consistently provide results stratified
by factors of interest, for example, age and sex. The response
rate in our included studies varied from 11% to 93%, and two
studies did not report their response rates.” *® As the cut-off at
509% to define a satisfactory response,'* the loss of follow-up was
unlikely to introduce bias in the included studies.

CONCLUSION

In this systematic review and meta-analysis, we found significant
evidence that occupational exposures to gases/fumes, VGDF and
aromatic solvents were associated with a greater decline in lung
function. This trend was also persistent in the meta-analysis of
cumulative exposures and lung function decline. In addition, this
study also finds the relationship between ever and cumulative
exposures to several exposures such as fungicides, insecticides
and biological dust and lung function decline. Although, there
was a significant decline in lung function parameters for some
exposures, there was a high degree of heterogeneity between
studies which limits the interpretation in terms of causal asso-
ciation. In addition, due to inconsistent exposure assessment
tools and reporting in the individual studies and lack of data in
subgroups, we were unable to conduct subgroup analysis, which
future studies should focus on.
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Figure S1. Forest plot showing the association between cumulative exposures to biological

Decline in FEV1 (ml/intensity-year)

Study Cohort Coeff (95% CI)
Biological dust
Lytras et al. 2020 ECRHS —_— -0.39 (-1.11, 0.33)
Lytras et al. 2020 SAPALDIA ¢ -0.81 (-1.58, -0.04)
Alif et al. 2019 TAHS —r -0.10 (-0.27, 0.07)
de jong et al. 2014 VS 4 -0.02 (-0.04, -0.00)
Fixed effect (I-squared = 48.9%, p =0.118) L -0.02 (-0.04, -0.00)
Random effect <> -0.09 (-0.24, 0.06)
Mineral dust
Lytras et al. 2020 ECRHS _— -0.39 (-0.97, 0.19)
Lytras et al. 2020 SAPALDIA —_— -0.50 (-1.21, 0.21)
Alif et al. 2019 TAHS —r -0.10 (-0.25, 0.05)
de jong et al. 2014 VS < -0.01 (-0.03, 0.01)
Fixed effect (I-squared = 36.8%, p = 0.191) ! -0.01 (-0.04, 0.01)
Random effect < -0.06 (-0.17, 0.05)
Gases/fumes
Lytras et al. 2020 ECRHS —_— -0.10 (-0.62, 0.42)
Lytras et al. 2020 SAPALDIA —_— -0.23 (-0.72, 0.26)
Alif et al. 2019 TAHS o -0.10 (-0.20, -0.00)
de jong et al. 2014 VS 4 -0.02 (-0.05, 0.01)
Fixed effect (I-squared = 0.0%, p = 0.395) ¢ -0.03 (-0.06, 0.00)
Random effect ¢ -0.03 (-0.06, 0.00)
VGDF
Lytras et al. 2020 ECRHS —_— -0.10 (-0.51, 0.31)
Lytras et al. 2020 SAPALDIA —_— -0.38 (-0.87,0.11)
Alif et al. 2019 TAHS - -0.03 (-0.13, 0.07)
de jong et al. 2014 VS 4 -0.02 (-0.04, -0.00)
Fixed effect (I-squared = 0.0%, p = 0.532) { -0.02 (-0.04, -0.00)
Random effect { -0.02 (-0.04, -0.00)
T T
-2.5 -1 0

Cumulative exposures

dust, mineral dust, gases/fumes and VGDF and FEV decline.

(ECRHS; European Community Respiratory Health Survey study; SAPALDIA=Swiss
Cohort Study on Air Pollution and Lung Disease in Adults; TAHS; Tasmanian Longitudinal

Health Study, VVS; Vlagtwedde-Vlaardingen Study)
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Decline in FEV1 (ml/intensity-year)

Study Cohort Coeff (95% ClI)
Funglmdes

Lytras et al. 2020 ECRHS L -1.62 (-3.10, -0.14)
Lytras et al. 2020 SAPALDIA -0.17 (-1.77, 1.43
Alif et al. 2019 TAHS -0.20 (-0.55, 0.15
de jong et al. 2014 VVS -0.03 (-0.05, -0.0 ;
Fixed effect (I-squared = 44.1%, p = 0.147) -0.03 (-0.05, -0.01
Random effect -0.14 (-0.43, 0.14)
Herbicides

Lytras et al. 2020 ECRHS -2.74 (-4.88, -0.60)
Lytras et al. 2020 SAPALDIA -0.23 (-1.89, 1.43
Alif et al. 2019 TAHS -0.30 (-0.70, 0.10
de jong et al. 2014 VVS -0.02 (-0.04,

Fixed effect (l-squared = 63.1%, p = 0.043)

Random effect

Insecticides

3

4,0.00
-0.02 (-0.05, 0.00
-0.25 (-0.69, 0.20

Lytras et al. 2020 ECRHS -1.56 (-3.02, -0.10)
Lytras et al. 2020 SAPALDIA -0.04 (-1.10, 1.02
Alif et al. 2019 TAHS -0.10 (-0.40, 0.20
de jong et al. 2014 VVS -0.03 (-0.05, -0.0 ;
Fixed effect (I-squared = 32.2%, p = 0.219) -0.03 (-0.05, -0.01
Random effect -0.08 (-0.28, 0.12)
Aromatic solvent
Lytras et al. 2020 ECRHS — -0.57 (-1.70, 0.56
Lytras et al. 2020 SAPALDIA — -0.59 (-1.96, 0.78
Alif et al. 2019 TAHS -0.60 (-0.95, -0.2
Fixed effect (l-squared = 0.0%, p = 0.999) -0.60 (-0.92, -0.27
Random effect < -0.60 (-0.92, -0.27
Metals
Lytras et al. 2020 ECRHS — -0.51 (-1.28, 0.26
Lytras et al. 2020 SAPALDIA — -0.75 (-1.71,0.21
Alif et al. 2019 TAHS -0.10 (-0.25, 0.05
Fixed effect (I-squared = 25.4%, p = 0.262) -0.13 (-0.27, 0.02
Random effect > -0.23 (-0.57,0.10
Chlorinated solvent
Lytras et al. 2020 ECRHS :z:— -0.48 (-1.33, 0.37
Lytras et al. 2020 SAPALDIA — -0.50 (-1.50, 0.50
Alif et al. 2019 TAHS -0.10 (-0.30, 0.10
Fixed effect (I-squared = 0.0%, p = 0.534) -0.13 (-0.32, 0.06
Random effect < -0.13 (-0.32, 0.06

I I I I

5 25 1 0 2

Cumulative exposures

Figure S2. Forest plot showing the association between cumulative exposures to Fungicides,
Herbicides, Insecticides, Aromatic solvents, Metals and Chlorinated Solvents and FEV;

decline.
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Figure S3. Funnel plot with Egger’s test for assessing publication bias of the
included studies; (A) Biological dust, Mineral dust, Gases/Fumes and VGDF (B)

Fungicides, Herbicides and Insecticides (C) Aromatic solvents and Metals
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Figure S4. Funnel plot with Egger’s test for assessing publication bias of the

included studies (cumulative exposures); (A) Biological dust, Mineral dust,

Gases/Fumes and VGDF (B) Fungicides, Herbicides, Insecticides, Aromatic

solvents, Chlorinated solvents and Metals
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Table S1 Lung function decline in the studies included in systematic review.

First Author Exposure Occupational Measurements of lung function decline
(Year) categories exposures FEViml/year or FVC ml/year or | FEVY/ FVC
% predicted, % predicted, %lyear,
B (95%CI) B (95%CI) B (95% CI)
Skaaby et al. (2021) | Only high Biological dust 2.8 (-2.7,8.3) - -0.4 (-1.3; 0.6)
! exposure Mineral dust -2.1 (-6.0; 1.8) - -1.0 (-0.8; 0.5)
Copenhagen City Gases/fumes -5.3(-10.9; 0.2) - 0.5 (-0.5; 1.4)
Heart Study VGDF -2.0(-5.3;1.3) - -1.0 (0.6; 0.5)
Skaaby et al. (2021) | Only high Biological dust 0.5(-1.7;2.6) - -0.1 (-0.5; 0.3)
! exposure Mineral dust 0.8 (-1.0;2.7) - 0.01 (-0.3;0.3)
Copenhagen Gases/fumes 1.1(-2.0;4.1) - 0.4 (-0.2;0.9)
General Population VGDF 0.7 (-0.9; 2.3) - 0.1 (-0.4;0.2)
Study
Faruque et al. Only high Biological dust -4.0 (-8 .0; 0.0) -4.0 (-9.0; 2.0) -0.02 (-0.09; 0.05)
(2020) 2 exposure Mineral dust -2.0 (-6.0; 2.0) -8.0 (-13.0; -2.0) 0.09 (0.02; 0.16)
Gases/fumes 0.0 (-4 .0;4.0) -4.0 (-9.0; 1.0) 0.07 (-0.00; 0.14)
Fungicides 5.0 (-3.0; 14.0) 3.0 (-8.0; 15.0) 0.10 (-0.5; 0.25)
Herbicides 7.0 (-7.0; 20.0) -2.0 (-20; 17) 0.19 (-0.05; 0.43)
Insecticides 2.0 (-6.0; 10.0) 0.0 (-11; 10) 0.07 (-0.7; 0.21)
Aromatic solvents -4.0 (-13; 6.0) -3.0 (-16; 10) -0.07 (-0.23; 0.10)
Chlorinated solvents -4.0 (-11;2.0) -7.0 (-15;2.0) 0.00 (-0.11; 0.12)
Metals -2.0 (-8.0; 4.0) -3.0(-11; 5.0) 0.02 (-0.09; 0.13)
Alif et al. (2019) 3 Combined high | Biological dust 0.5 (-7.7;8.7) -9.3 (-22.2; 3.6) 0.05 (-0.1; 0.2)
and low Mineral dust -4.6 (-13.1; 4.0) 3.7(-9.7,3.6) -0.2 (-0.3; -0.02)
exposures Gases/fumes -11.4 (-20.0; -2.9) -4.9 (-18.6; 8.6) -0.2 (-0.4; -0.1)
defined as ever | Fungicides -2.4 (-13.3; -8.4) -3.0 (-20.1; 14.1) | 0.04 (-0.2;0.2)
exposures Herbicides -4.9 (-16.0; 6.3) -6.5 (24.1; 11.1) 0.1(0.1;0.3)
Insecticides -2.8 (-14.3; 8.6) -6.5 (-24.6; 11.6) | 0.2 (-0.1; 0.4)

Aromatic solvents

-15.5 (-24.8; -6.3)

-14.1 (-28.8; -0.7)

-0.05 (-0.2; 0.1)

Chlorinated solvents

-11.6 (-21.5; 1.6)

-3.8 (-19.6; 12.1)

-0.1 (-0.3; 0.04)

Metals -11.3 (-21.9; -0.7) -17.5 (-34.3; -0.8) | -0.1 (-0.3; 0.1)
VGDF -7.8 (-16.7; 1.0) -5.8 (-19.8; 8.3) -0.22 (-0.4; -0.06)
Liao et al. (2015) 4 High exposure | Dust -4.5 (-7.83; -1.17) - -

de Jong et al. Only high Biological dust -1.50 (-4.74; 1.74) - -
2014y exposure Mineral dust -0.16 (-3.23; 2.90) - -
Gases/fumes -2.58 (-5.66; 0.50) - -
VGDF -1.8 (-4.4;0.7) - -
Fungicides (Pesticide) -5.1 (-8.0; -2.1) - -
Herbicides -2.56 (-5.73; 0.60) - -
Insecticides -4.99 (-7.94; -2.03) - -
Sunyer et al. (2005) | Only high Biological dust -8.78 (-15.89; -1.67) - -
6 exposure (only Mineral dust -7.38 (-14.30; -0.46) - -
female) Gases and fumes -3.00 (-5.08; -0.92) - -
(Low exposure)
Humerfelt et al. Sulphur dioxide | Gases -58.7 - -
(1993)7 (-63.99; -53.41)
Chromium/ Metals -56.8 (-60.52; -53.08)
nickel/ - -
platinum

Asbestos and
quartz

Mineral dust

-53.0 (-55.35; -50.65)
and
-55.4 (-59.12; -51.68)

Krzyzanowiski et
al. (1985) 8

Exposed (only
male)

Dust

-6.9 (-12.78; -1.02)
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Bui et al. (2019) °

Any exposures
(post-BD)

VGDF

-8.3 (-13.6; -3.1)

5.6(-0.4; 11.6)

-0.11 (-0.19; -0.02)

Aromatic solvents

-1.0(-5.6;3.5)

-2.6 (-8.7;3.4)

0.03 (-0.04; 0.11)

Any exposures
(pre-BD)

VGDF

-10.5(-16.1; -4.9)

-9.3 (- 14.9; -3.7)

-0.08 (-0.13; -0.03)

Aromatic solvents

-4.4 (-8.3;-0.5)

-3.1(-9.7; -3.5)

0.05 (-0.04; 0.14)

Tagiyeva et al.
(2017) 10

*Effect estimates
reported as
%predicted

Any exposures

Any VGDFFiM

-1.26 (-4.35; 1.82)

-1.90 (-4.93; 1.13)

Biological dust

-3.24 (-5.92; 0.55)

-1.15 (-3.8; 1.51)

Mineral dust

-2.24 (-5.04; 0.57)

-1.92 (-4.69; 0.85)

Harber et al. (2007)
1

*Effect estimates
reported as
Yopredicted (no Cls)

Any exposures

Gases -0.51 (-3.33; 2.31) -1.22 (-3.99; 1.55) -

Dust -2.24 (-5.12; 0.65) -1.74 (-4.58; 1.10) -

Vapors -3.30 (-5.94; -0.66) -1.88 (-4.49; 0.73) -

Fumes -1.29 (-4.38; 1.8) -4.43 (-7.46; - -
1.41)

Diesel fumes -4.08 (-7.60; -0.56) -5.96(-9.41; - -
2.51)

Fumes -0.25 - -

Dust (male only) -0.12 - -

Significant association (p<0.05) highlighted in bold
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Table S2 Association between cumulative exposure (per intensity-year) and lung function

decline in the selected studies included in systematic review.

First author | Name of Occupational Lung function measurement
(year) Cohort exposure FEV .. (ml/vear) FVC: (mlivear) | FEVJ/FVC; (%/
B (95% CI) B (95%CI) ear
B (95%CI)
Alif et al. Biological dust 0.1 (-0.04; 0.3) 0.1(-0.1;0.4) -0.0 (-0.003; 0.003)
(2019) 3 Mineral dust 0.1(-0.1;0.2) 0.2 (-0.03; 0.4) -0.0 (0.003; 0.002)
Gases/fumes -0.1 (-0.3; -0.1) -0.2 (-0.1; 0.1) -0.0 (0.002; 0.002)
Fungicides 0.2 (-0.2;0.5) 0.7 (0.2; 1.3) -0.0 (-0.006; 0.006)
TAHS Herbicides 0.3 (-0.1;0.7) 0.6 (-0.03; 1.3) 0.003 (-0.005; 0.1)
Insecticides 0.1(-0.2;0.4) 0.6 (0.1; 1.1) -0.0 (-0.006; 0.005)
Aromatic solvents -0.6 (-1.05 -0.3) -0.9 (-1.65 -0.4) 0.003 (-0.004; 0.01)
Chlorinated solvent -0.1(-0.3;0.1) -0.1(0.4;0.2) -0.001 (0.004;
0.001)
Metals -0.1 (-0.2; 0.1) -0.1 (-0.3; 0.3) -0.002 (-0.004;
0.001)
VGDF -0.03 (-0.14; 0.07) 0.02 (-0.14; 0.19) -0.001(0.002;
0.001)
Vlagtwedde- | VGDF -0.02 (-0.04; 0.00) - -
de Jongetal. | Vlaardingen | Biological dust -0.02 (-0.04; 0.00) - -
(2014) 2 Mineral dust -0.01 (-0.04; 0.01) - -
Gases/fumes -0.02 (-0.05; 0.01) - -
Fungicides -0.03 (-0.05; -0.01) - -
Herbicides -0.02 (-0.04; 0.01) - -
Insecticides -0.03 (-0.05; -0.01) - -
Lytras et al Biological dust -0.39 (-1.13; 0.31) 0.47 (-0.41; 1.30) -0.03 (-0.04; -
(2020) 2 0.008)
Mineral dust -0.39 (-0.96; 0.20) 0.90 (0.21; 1.59) -0.04 (-0.05; -0.02)
Gases/fumes -0.10 (-0.62; 0.43) 0.98 (0.37; 1.58) -0.02(-0.04; -0.01)
ECRHS VGDF -0.10 (-0.51; 0.32) 0.95 (0.46; 1.44) -0.03 (0.04; 0.02)
Fungicides -1.62 (-3.10; -0.14) -1.21 (-3.0; 0.60) -0.02 (-0.06; 0.01)
Herbicides -2.74 (-4.82; -0.54) -2.94 (-5.47; -0.38) | -0.02 (-0.07; 0.03)
Insecticides -1.56 (-3.03; -0.11) -0.99 (-2.76; 0.74) -0.03 (-0.06; 0.01)
Aromatic solvent 0.57 (-0.56; 1.70) 1.52 (0.15; 2.86) -0.02 (-0.05; 0.01)
Chlorinated solvent | -0.48 (-1.34; 0.37) 0.19 (-0.83; 1.20) -0.02 (-0.04; 0.002)
Metals -0.51 (-1.28; 0.27) 0.49 (-0.46; 1.41) -0.03 (-0.05; -0.01)
Lytras et al. SAPALDIA | Biological dust -0.81 (-1.59; -0.05) 0.61 (-0.23; 1.44) -0.04 (-0.06; -0.02)
(2020) 2 Mineral dust -0.5 (-1.22;0.21) 0.42 (-0.38; 1.20) -0.02 (-0.04; -
0.003)
Gases/fumes -0.23 (-0.89; 0.42) 0.90 (0.16; 1.63) -0.03 (-0.04; -0.01)
VGDF -0.38 (-0.87; 0.12) 0.72 (0.18; 1.28) -0.03(-0.04; -0.01)
Fungicides 0.17 (-1.45; 1.75) 0.56 (-1.17; 2.25) -0.01 (-0.05; 0.04)
Herbicides 0.23 (-1.45; 1.88) 0.57 (-1.25; 2.33) -0.01 (-0.05; 0.04)
Insecticides 0.04, (-1.03; 1.10) 0.23 (-0.97; 1.39) -0.001(-0.03; 0.03)
Aromatic solvent -0.59 (-1.97; 0.78) 0.20 (-1.25; 1.65) 0.02 (-0.05; 0.02)
Chlorinated solvent | -0.50(-1.50; 0.50) -0.18 (-1.28;0.91) -0.01 (-0.04; 0.02)
Metals -0.75 (-1.71; 0.21) -0.13 (-1.15; 0.89) -0.02 (-0.05; 0.01)
WHEASE ‘ Short -4.79 (-8.15; | -6.28 (-9.60; -2.97) -
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cohort Vapors -1.44)
Medium -3.89 (-7.10; | 0.11 (-3.05; 3.28) -
-0.68)
*Tagiyeva et Long -1.23 (-4.45; | -0.10(-3.28;3.07) -
al. (2017) 10 1.99)
Short -1.71 (-5,26; | -1.68 (-8.25;1.88) -
Biological dust 1.84)
Medium -7.42 (-10.8; | -1.39 (-4.78;2.00) -
-4.04)
Long -0.41 (-3.83; | -1.42 (-4.85;2.01) -
3.01)
Short -1.94 (-7.01; | -2.68 (-7.66;2.31) -
Diesel fumes 3.18)
Medium -3.67 (-7.95; | -6.41 (-10.6; -2.20) -
0.61)
Long -7.16 (-12.1; | -9.50 (-14.3; -4.66) -
-2.24)

Significant associations (p<0.05) highlighted in bold; *= Estimates are odds ratio (OR) and %predicted as unit.

Quality assessment

All studies ascertained the exposure using self-reported work histories and scored three out of
four in the selection of study group. In terms of comparability, we predetermined that to
receive a full score studies should adjust for age, sex, smoking status and pack-years and
additional confounding variables would be asthma or history of respiratory infection or other
lung diseases and co-exposures. Two studies performed the analysis with adjustment for at
least two key confounders and additional confounding variables which awarded two stars
(**) for comparability * !2. Seven studies performed the analysis with the adjustment for at
least two key confounders but did not adjust for additional confounders, those awarded single

star (*) for comparability +% 10- 11

. However, one study performed the analysis with
adjustment for only one key confounder and did not adjust additional confounders and was

therefore awarded a zero score in the comparability criterion °.

Nine studies sufficiently assessed outcomes by objective measurement of lung function test,
follow-up was long enough to obtain the outcomes of interest and reported loss of follow-up
and were awarded three stars (***) for outcomes. > % 12 However, two studies awarded two

stars (**) for outcomes because they did not report the loss of follow-up.* °
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Table S3 Assessment of study quality of cohort study by Newcastle-Ottawa Scale

Cohort Skaaby etal. | Lytrasetal. | Faruque etal.? Alif et al. * Buietal.® Tagiyevaet | Liao, etal. * | deJong Harber et Sunyer et | Hum Krzyzano
Studies ! 12 al. 1 etal. al. ! al. © erfelt etal. ®
etal’
1)
Representative
of the exposed
cohort
a) truly Y& General Y General Y& School Y School Y& School Y& General Yc General | N/A D¢ All men living in General
representative population in MMulticentre people of children born | children children at people live in | populatio General ﬁBergen, Norway People
Danish , General northern three in 1961in born in aged 10-15 Farmingham, | nin People in January 1,1964 | (aged 19-
population provience of Tasmania, 1961in years in Massachusets | Netherlan (living in | (born between 70 living
Netherlans Australia Tasmania, Aberdeen, , USA ds 27 centre | 1914-1943) Carcow,
Australia UK of EU) Poland
b) somewhat N/A N/A N/A N/A N/A N/A N/A N/A articipants | N/A N/A N/A
representative with
COPD and
current
smoker ) in
10 study
centres in
Selection USA and
Canada
c) selected N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
group of users
d) no N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
description of
derivation of the
cohort
2) Selection of
non-exposed
cohort *
a)drawn from Y& Drawn Y¢ Drawn Y& Drawn from ¥¢ Drawn from ¥y Drawn Y Drawn Y& Drawn from [YxDrawn |¥¢Drawn Drawn ¥ Drawn from the |¥¢ Drawn
the same from the same | from the the same the same from the from the the same from the from the from the same community from the
community as community same community community same same community same same same same
the exposed community community | community communi | community | communi communi
cohort ty ty ty
b)drawn froma | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
different source
c)no description | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
of the derivation
of the non-
exposed cohort
10
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3)Ascertainmen
t of exposure
a) secure record | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
(eg surgical
records)
b) structured N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
interview
¢) written self- Self-reported Self- Self-reported Self-reported Self- Self- Self-reported Self- Self- Self- Self-reported Self-
report work history reported current or last work history reported reported work history reported reported reported work reported
at last follow- | work held job at at baseline work work at last follow- | work work work history at last work
up history at baseline history at history at up history at | history at history at | follow-up history at
last follow- baseline last follow- last follow-up last baseline
up up follow-up follow-up and last
follow-up
d) no N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
description
4)
Demonstration
that outcome of
interest was not
present at start
of study
a) yes W Yes K Yes W Yes X Yes W Yes KYes K Yes WYes | KYes K Yes MeYes W Yes
b) no N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
D
Comparability
of study on the
basis of the
design or
analysis
a)Age, sex, Yo Adjusted for |¥ Age, sex, |¥ Adjusted for  [YrAdjusted for | Adjusted YrAdjusted  [YAdjusted for [ Adjusted * Adjusted for *
smoking status Sex, smoking | height, age, sex, sex, smoking | forsexand | forsex, age | sex, age at Adjusted fo*ge and | Adjusted age and Adjusted
Compar | and/ or pack- height, smoking smoking, pack- status and SES at at baseline, | baseline, for sex, smoking for age, smoking for age
ability years education, status ( years, pack-years baseline smoking smoking and age, and status smoking and
weights and current, but not age at and pack- pack-years at | pack- (cigarette and smoking
baseline FEV, | lifetime, baseline years baseline years of per day, number
pack-year), smoking yes/no) of
SES, at last cigarettes
measure
ment
b) Asthma or Not Adjusted |J& Current Not Adjusted vk Adjusted Not Not Not adjusted Adjusted Not Not Not adjusted Not
previous asthma,, for childhood | adjusted adjusted for co- adjusted adjusted adjusted
respiratory asthma asthma, exposure
infection or (maternal, current only
other lung paternal, astham and
11
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disease and co- childhood) co-exposure
exposure
1) Assessment
of outcome
a) independent Lung ¥ ¢ Lung % Lung function ¢ Lung Lung+ Lung + Lung fwctlon *ung YeLung ?ng #,ung function test |y Lung
blind function test function test function test function function test unction function unction function
assessment test test test test test test test
b) record N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
linkage
c) self-report N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
d) no N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
description
Outcome |2y Was follow-
up long enough
for outcomes to
occur
a) yes ¥ 9 years % 16.3 4.5 years Yk 06 years 08 years Y 25 years > 17 years 25 05 Years ¥ 8.9 23 Years 13 Years
years years * Years *
b) no N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
3) Adequacy of
follow up of
cohorts
a) complete N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
follow up
b) subjects lost | 11% sample | % 60.6% |% 25% * 61.1% 745% Y 57% X | NG NG * 93 % K 76% | X 60% completed X 61%
to follow up was included completed completed lung completed completed completed were still at | complete | lung function test were
unlikely to in the analysis | both visit function test at lung function | lung lung last follow- | d lung at last follow-up present at
introduce bias last follow-up test at last function function up function last
follow-up test at last test at last test at follow-up
follow-up follow-up last
follow-up
c) follow up N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
rate
d) no statement | N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
12
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