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1 | INTRODUCTION

Background: Non-malignant respiratory disease (NMRD) cases have occurred among
rubber manufacturing workers. We examined exposure to rubber manufacturing
emissions as a risk factor for NMRD.

Methods: From a systematic literature review, we identified case reports and assessed
cross-sectional and mortality studies for strength of evidence of positive association
(strong, intermediate, non-significant positive association, none) between exposure to
rubber manufacturing emissions and NMRD-related morbidity and mortality, and
conducted two meta-analyses.

Results: We analyzed 62 articles. We identified 11 cases of NMRD. Nine (30%) of 30
cross-sectional studies and one (4%) of 26 mortality studies had strong evidence. The
summary odds ratio and SMR for the cross-sectional and mortality meta-analyses were
3.83 (95% confidence interval [Cl], 2.28-6.51) and 0.90 (95%Cl, 0.82-0.99),
respectively.

Conclusion: Available evidence supports rubber manufacturing emissions as a
potential risk factor for NMRD-related morbidity. Further investigations with longer
follow-up periods and inclusion of short-tenured workers could further define risks for

NMRD and identify prevention strategies.
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Several published case reports and cross-sectional epidemiologic
studies have reported the occurrence of upper and lower respiratory

symptoms and non-malignant respiratory diseases (NMRD) including
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try.}=7 An estimated 725 000 persons are employed in the U.S. plastics
and rubber manufacturing industry and potentially exposed to
emissions released during rubber manufacturing.®

Rubber manufacturing is a complex process that includes mixing
and milling, extrusion, molding, and finishing.? Approximately 500
ingredients are combined to produce various types of rubber.>?10

During rubber manufacturing, workers are potentially exposed to
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feedstock materials and reaction products released in the forms of
gases, vapors, dusts, mists, and ultrafine particles, collectively referred
as rubber manufacturing emissions.**™13

Occupational exposure to rubber manufacturing emissions occurs
through inhalation or skin contact during the manufacturing pro-
cess.”?111415 Rubber manufacturing emissions can contain known
human carcinogens such as aromatic amines, nitrosamines, and
polycyclic aromatic hydrocarbons (PAH), and are associated with an
increased risk of cancer among rubber workers.>?1¢17 However, the
association between exposure to rubber manufacturing emissions and
development of NMRD is less clear. A single animal study demon-
strated pathologic lung lesions and significant increase in lung mast
cells in guinea pigs following inhalation exposure to high concentration

of rubber vulcanization fumes;®

indicating an association between
exposure to rubber manufacturing emissions and NMRD.
Work-related respiratory disease is common. Approximately
17% of all adult-onset asthma cases and 15% of COPD cases are
attributable to occupational exposures.'®?° These work-related
respiratory diseases have a substantial economic impact related to
healthcare cost, absenteeism, and disability.21 Many of the
compounds used in rubber manufacturing are known respiratory
hazards (bronchoirritants or sensitizers) that can cause acute or
chronic respiratory symptoms.*>> However, only a small propor-
tion of the numerous chemicals found in rubber manufacturing have
occupational exposure limits including: Occupational Safety and
Health Administration (OSHA) permissible exposure limits (PELs),
NIOSH recommended exposure limits (RELs), American Conference
of Governmental Industrial Hygienists (ACGIH®) Threshold Limit
Values (TLV®s), or American Industrial Hygiene Association (AIHA)

workplace environmental exposure limits (WEEL®s). Additionally,

the combination of chemicals and ultrafine particles could alter the
expected health effects.??

Epidemiologic investigations focusing on the carcinogenic risk
associated with rubber manufacturing have been well-docu-
mented.?2324 However, to our knowledge, a comprehensive literature
review of NMRD-related morbidity and mortality among rubber
manufacturing workers has not been conducted. A thorough review of
existing literature is essential to developing a better understanding of
the non-carcinogenic respiratory hazards associated with rubber
manufacturing. The purpose of this study was to systematically review
the published scientific literature and summarize the evidence for
associations between occupational exposure to rubber manufacturing

emissions and NMRD-related morbidity and mortality.

2 | MATERIALS AND METHODS

We used the steps Hempel et al recommended for conducting a
systematic review of occupational safety and health questions.?> We
conducted a search of Scopus (January 1, 1969 to June 15, 2017),
Medline (January 1, 1970 to June 15, 2017), and Embase (January 1,
1970 to June 15, 2017),2 for the purpose of identifying published
studies involving respiratory symptoms, impaired lung function, or
NMRD among rubber manufacturing workers.

A total of 1337 unique citations were retrieved (Figure 1). Eleven
duplicates were identified and excluded. Additional citations were
eliminated because of lack of relevancy following review of title
(n=1193) and abstract (n = 32) by three authors (NT, SET, and RJN).
These citations were further classified into case reports, cross-

sectional studies, or mortality studies. Articles describing mortality

Records identilied using Scopus,
Medline, Embase (n = 1,337)

Records excluded:
= Duplicates n=11)
Lack of vitle relevancy (n = 1,193)

h 4

.

# Lack of abstract relevancy (n = 32)

= Mortality study, but missing
NMRD-related mortality (n = 34)

Full-text articles screened (n = 67)

¥

Full-text articles unavailable [(n=1)

Full-text articles reviewed (n = 66)

Studies indluded through
bibliography review (n = 1)

Full-text articles excluded
= Animal study n = 1)
» Non-respiratory symptoms (n = 1]

Studies induded through
review of author's collection ——————#&

n=1)

* Non-rubber manufacturing
facilities (n = 2)
& 5SMRs for NMRD missing [n= 2)

Studies included in qualitative

review [n = B2

FIGURE 1 Flow diagram illustrating process for inclusion of studies analyzing the association between occupational exposure to rubber
manufacturing emissions and non-malignant respiratory disease. NMRD, non-malignant respiratory disease; SMR, standardized mortality ratio
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studies were excluded (n = 34) when NMRD-related mortality was not
assessed. One article was excluded because the publication was
unavailable. Two additional articles were included following a
bibliography review of the included studies and review of the author's
manuscript collection. During the review process, the authors
excluded one article describing an animal study, one article describing
non-respiratory symptoms, two articles including non-rubber
manufacturing facilities, and two articles describing mortality studies
that did not calculate standardized mortality ratios [SMR] for NMRD. A
total of 62 articles met the inclusion criteria of the study having an
assessment for the presence of respiratory symptoms, impaired lung
function, or NMRD among rubber manufacturing workers. During
analysis, four articles were combined and analyzed as two cross-
sectional studies because the authors described respiratory symptoms
and lung function abnormalities for the same cohorts in separate
publications.?4~2? One article was considered both as a case series and
cross-sectional study.®® Mortality studies assessing the same cohort
during different time periods were grouped together and assigned a
corresponding alphabet letter (Table 4). Confidence intervals (Cl) not
reported in mortality studies were calculated using OpenEpi.®!

We summarized the study findings regarding exposure to rubber
manufacturing emissions, respiratory symptoms or signs, lung function
abnormalities, and NMRD diagnoses as defined by the original study.
Cross-sectional studies (n=30) and mortality studies (n=26) were
evaluated using a grading rubric developed a priori by the authors
(Table 1). Each cross-sectional and mortality study was assessed for
evidence of association between exposure to rubber manufacturing
emissions and NMRD-related morbidity or mortality by three authors
(NT, SET, and RJN) and strength of association was characterized as
strong, intermediate, non-significant positive, or no association.?

We conducted a meta-analysis to analyze the association
between exposure to rubber manufacturing emissions and develop-
ment of respiratory symptoms or NMRD for the cross-sectional and
mortality studies using a data analysis guide produced by Neyeloff

etal.®?

We modified the guide spreadsheet to account for the use of
SMRs and odds ratios. Heterogeneity was evaluated using the 12
value described by Higgins et al.®® For the cross-sectional meta-
analysis, we included cross-sectional studies that provided odds
ratios with confidence intervals for respiratory symptoms, NMRD
diagnoses, or sufficient data to calculate odds ratios and confidence
intervals. If more than one odds ratio was reported in a study, we
chose a lower respiratory outcome with the highest odds ratio.
Among the 30 cross-sectional studies, six studies were included in
the meta-analysis and 24 were excluded. For the mortality meta-
analysis, we included studies that reported overall SMRs for diseases
of the respiratory system (ICD code: 427-527) in males. Nineteen
mortality studies were included in the meta-analysis and six studies
were excluded. For both meta-analyses, each study's weight was
calculated by the inverse of the study variance plus the between-
studies variance.3? In the forest plots, each study's weight was
represented as a percentage of the sum of the weights. The results
of this study were presented at the American Thoracic Society 2018
International Conference.?*

3 | RESULTS

3.1 | Case reports

Table 2 summarizes five articles describing 11 cases of respiratory
illness occurring among workers exposed to rubber manufacturing
emissions at five facilities located in the United States (n = 2), Canada
(1), Korea (1), and Ethiopia (1).1:23%353637 Ten of the cases occurred
among males. Of the 10 cases with known age, the median age was
36.5 (range: 21-57) years. Of the 10 cases that reported symptom
onset times, the median time from first exposure to symptom onset
was 7 weeks (range: 2 weeks-4 years). Five of the 11 workers with
respiratory illness used tobacco. Among these 11 cases, symptoms and
conditions included rhinorrhea (n = 1), nasal congestion (1), sinusitis (1),
rhinitis (1), hoarseness (2), chronic laryngitis (1), breathlessness (1),
dyspnea (6), wheezing (4), chest congestion (1), cough (4), sputum
production (2), chest pain (1), chest tightness (2), early pneumonia (1),
pneumonic infiltrates (1), pneumonitis (1), interstitial fibrosis (1),
bilateral interstitial infiltrates (1), acute respiratory distress (1),asthma
symptoms (1), nasolaryngotracheobronchitis (1), and chronic bronchi-
tis (2). One case of occupational asthma and one case of acute
eosinophilic pneumonia were also identified. Work roles included
press operators in the thermo-injection process (n =5), cushion mill
operator (1), working in the heat press process (1), tire curing process
(1), passenger tire builder (1), and calender operators (2). Six workers
had respiratory conditions and eosinophilia; the eosinophil count for
five workers was not reported. Nine workers were hospitalized and no
workers died.

Bascom et al described five workers who worked as press
operators in the thermo-injection process at a single facility.! The
workers were exposed to heated chloroprene-based rubber that was
injected into the metal molds. The onset of respiratory symptoms for
all workers occurred 2-6 weeks after an increase in production that
resulted in an increase in rubber manufacturing emissions. Two and
five workers experienced upper and lower respiratory symptoms,
respectively. Two had abnormal spirometry (obstruction = 1; restric-
tion = 1) and one had a decrease in diffusing capacity. Eosinophilia was
observed for each press operator. All five workers returned to work
after treatment and were transferred to other work areas within the
facility.

An article by Kato and Leki reported one case in a 31-year-old male
who had the task of pouring raw materials into molds and a heat
press.® His symptoms began two months after exposure and included
dyspnea and fever. He also had bilateral diffuse infiltrates on chest
radiographs and eosinophilia. He was diagnosed with acute eosino-
philic pneumonia and hospitalized. He was discharged following
treatment with oral steroids, at which time he returned to work with no
subsequent recurrence of acute eosinophilic pneumonia.

The Korean Occupational Safety and Health Research Institute
described a tire curing machine operator in his 30s who developed
asthma symptoms after four years of work in a tire manufacturing
facility.33” With exposure to rubber manufacturing emissions that

ranged from 0.18 to 0.80 mg/m?, the worker's average peak expiratory
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flow decreased from 417.1 L/min on a rest day to 361.7 L/min on
working day.

Another article by Tarlo reported a case in a 55-year-old male who
worked at a rubber tire manufacturing facility as a cushion mill
operator where his task was to apply hot rubber coating to rubber
strips.2 His symptoms of rhinitis started one year after exposure to a
newly introduced chemical (crude tall oil, heated to 100°C) at the
workplace. Three months later, he was hospitalized for asthma. While
away from work, his symptoms resolved and lung function results were
normal. Following his return to work, he experienced a reoccurrence of
respiratory symptoms and a decline in peak expiratory flows. A single-
patient blinded specific inhalation challenge was conducted using tall
oil resin, with molasses as a control substance. Lung function remained
stable following an inhalation challenge with molasses. However,
following an inhalation challenge to tall oil resin for 65 min he became
dyspneic with a 60% decrease in forced expiratory volume in one
second (FEV1), resulting in a diagnosis of occupational asthma.

One cross-sectional study by doPico et al. described three case
reports that occurred among one passenger tire builder and two
calender operators.®° All three workers had worked in the plant for an
average of 26 years (range: 15-34 years) and each of them developed
upper and lower respiratory symptoms 1-2 months following exposure
to the newly introduced thermosetting resin at the workplace. Two of
the workers returned to work despite having a chronic productive
cough, intermittent wheezing, mild dyspnea, and nasolaryngotracheo-
bronchitis; one calender operator was unable to continue working

because of chronic laryngitis and severe bronchitis.

3.2 | Cross-sectional studies

Table 3 summarizes 32 articles describing 30 cross-sectional studies
evaluating the presence of respiratory symptoms and NMRD among
workers exposed to rubber manufacturing emisssions.®~7:10"
12.14,1521,26-30.38-53  ccypational cohorts (n=10896 workers in
total) across studies varied from 34 to 1820 workers, and included
facilities from the United States (n = 14), Sweden (6), India (3), Iran (3),
Italy (1), Netherlands (1), Poland (1), and Turkey (1). Nineteen studies
evaluated both respiratory symptoms/diagnoses and spirometry
measurements, eight respiratory symptoms/diagnoses only, and three
spirometry measurements only.

All of the 30 cross-sectional studies had non-significant positive or
higher evidence of association between exposure to rubber
manufacturing emissions and respiratory morbidity. Nine (30%) studies
had strong evidence, nine (30%) intermediate, and 12 (40%) non-
significant positive association. Compared with controls, exposed
workers in 15 (52%), 11 (38%), and 3 (10%) cross-sectional studies had
a statistically significant higher prevalence of respiratory symptoms,
airflow limitation, or NMRD, respectively. Respiratory symptoms
reported among the exposed workers included nosebleed, nasal
congestion, shortness of breath, cough, sputum production, dyspnea,
wheeze, chest tightness, chest irritation, and chest pain. NMRD
diagnoses included sinusitis, pharyngitis, chronic bronchitis, emphy-
sema, COPD, and asthma. Twenty-two studies conducted spirometry

measurements; of these, reductions were reported in FEV1 (n = 6),
forced vital capacity (FVC) (6), vital capacity (VC) (1), FEV1/FVC (8),
forced expiratory flow (FEF) at 75% of FVC (1), FEF at 50% of FVC (1),
and FEF at 25% of FVC (1).

Workers included in the cross-sectional studies had known
exposures to rubber manufacturing emissions that included suspended
dusts, organic and inorganic vapors, respirable and inhalable talc dust,
napthalene-diisocyanate (NDI) fumes, respirable particulate matter,
polycyclic aromatic hydrocarbons (including benzo(a)pyrene), sul-
phates, nitrates, thermosetting resin, or carbon black. Twenty-six
(87%) of the cross-sectional studies assessed for tobacco use among
workers; 19 (63%) of those studies reported respiratory symptoms or
lung function associated with smoking. For example, one study
described prevalence of lung impairment among exposed non-smokers
(odds ratio = 3.45, 95%Cl, 1.76-9.50), exposed smokers (12.12, 3.35-
37.87), and non-exposed smokers (3.48, 1.42-8.33) compared with
non-exposed non-smokers.**

For the meta-analysis of cross-sectional studies, odds ratios with
confidence intervals from six cross-sectional studies were analyzed
using a random effects model (Figure 2). We selected the random
effects model because of the moderate-to-high 12 value (67.6%)°% and
the perceived heterogeneity observed during the formal review. The
overall odds ratio for the cross-sectional meta-analysis was 3.83 (95%
Cl, 2.28-6.51).

3.3 | Mortality studies

Table 4 summarizes 26 articles describing 26 mortality studies of 14
occupational cohorts involving 270,408 workers (range: 327-
40867).1617:2354-76 These mortality studies included workers from
facilities in the United States (n = 13), Germany (4), United Kingdom (4),
Italy (2), Sweden (2), and one study included facilities from five
European countries (Germany, Italy, Poland, Sweden, and United
Kingdom).

The primary focus of these mortality studies was cancer. For the
purpose of our review, NMRD-related mortality was caused by
diseases of the respiratory system other than cancer including asthma,
bronchitis, chronic airway obstruction, COPD, emphysema, and
pneumonia. Median required work tenure was one year (range: 1
day-5 years). Twenty (77%) studies excluded workers with work
tenure <1 year and therefore were not designed to assess the
relationship between mortality from NMRD and these short-term
exposures.

Of the 26 studies addressing NMRD mortality, one (4%) had
strong, four (15%) had intermediate, 10 (39%) had non-significant
positive association, and 11 (42%) had no evidence of association
between exposure to rubber manufacturing emissions and NMRD-
related mortality. A mortality study among curing workers, which have
a higher exposure to curing fumes compared with other workers,” had
strong association for NMRD-related mortality; the SMR for
pneumonia was 2.2 (95%Cl, 1.37-3.38).%*

Among the four studies demonstrating intermediate association,
one reported elevated mortality for COPD (SMR =1.22, 95%Cl, 1.01-



THAPA €T AL

(senunuo))

+++

+++

+++

+++

++

+++

++
q2OUBPING
Jo
yi8uans

40 3uluuISaq) QT F TTT PUB (HIUS SIOM Jo pud) 8T ¥ £0T = (PaI0Ipaid %) TAIS ‘(MIUS Yiom jo
Suiuuisaq) $T ¥ TTT PUe (HIYs 3I0M Jo pud) 4T ¥ 90T = (PaI21pald %) DAL :B4nsodxd sieah Gs (1)

(p3sodx3) %0€ T = (5£°0 > DA
/A34) uonouny Sun| paiiedwi Jo adusjeAaud (1) {(pPasodxa) %9 0 = Ssaussa|yrealq (pasodxa)
%6°G = w3a)yd pue y3nod jualsisiad (pasodxs) %T'GT = w3ajyd :(pasodxa) %c 0T = y3noDd (1)

(S00°0 > d) ‘(S1043u02) %0/ G~ pue (pasodxa)

%0T"LT~ = (295/5J9M1) §/434 *(SZ0'0 > d) ‘(S|043U02) %08°C~ Pue (pasodxa) %0z 9- = (S

/S4911[) 06434 Ul 93ueyd jJuadiad uesw YIYs-ss0UD (1) {(Pasodxad) %0°LZ = SSauUIY31 1S9Yd
{(S0°0 > d) ‘(pasodxa) %00/ = d4oM a3 wouy Aeme 19319q 3ulyiealq (pasodxa) %0°0¢ = y3nod (1)

(200 = d) ‘(S|1043u02) 9+ pue (pasodxa) TTZ-= ()

TA34 [enpisal ‘uolednp sieah QT < (1) (S|043U0d) % T Z pue (pasodxs) %/ ¢ = ewyise Jo Aloisiy

3sed {(T00'0 = d) (S|0413U0D) % £°TT pue (pasodxs) %e 1€ = w3djyd (S00°0 = d) (S|043U0d) %E°G
pue (pasodxa) %E£'9T = BUlzaaym (00°0 = d) (S|013U0d) %t/ pue (pasodxa) %0°0¢ = Y3noD (1)

(€00°0 = d) ‘(S|1043U02) %0Z 8L Pue (pasodxa)

%06'TL = (%) DAJ/TAIS ‘2Insodxs siesh QT < SI9OM (€00 = d) ‘(S|043U02) 06'9 ¥ 0T 6L

pue (pasodxa) 008 F 05'9L = (%) DAL/TAIA (1) :(S|043U02) %T°Z pue (pasodxs) % 9'T = ewyise

10 AJo3siy 1sed {(S|0JIu0d) %E°G pue (Pasodxa) %g'9 = 8ulzaaym (T00'0 = d) ‘(S|043U02) %/°CT
pue (pasodxa) %G'8¢ = W3d|Ud ‘(£00°0 = d) (S|013U02) %1, L pue (pasodxa) %0°0¢ = Y3noD (1)

(TO'0 = d) ‘(S|043U0) 965 F 8+

pue (pasodxa) /9 F 99~ = (Iw) DA [BNPISAI (SO0 = d) (S|013U02) €S F LT+ pue (pasodxa)

TLy F 69T~ = (lW) TATS [ENPISaI :(S|03U0D) 06°9 F 0T 6L PUe (pasodxd) 08'9 F 08'8L = (%)

DA /TA3A (1) {(S]013Uu02) %T°Z pue (pasodxa) %8°G = ewyise :(S|043uod) %0 pue (pasodxa)

%L'T = e3UdsAp :(S]0.13U0D) %E’G pue (pasodxa) %E'g = SUIZaaUM (G00°0 = d) ‘(S|043U0d) %/°ZT
pue (pasodxa) %0°'GZ = Wilayd ‘(Z00'0 = d) ‘(S|043U0d) %'/ pue (pasodxa) % 6T = Ysnod (1)

(po321pa.d) 00'8T ¥ 00'EQ PUE ([en1de) OT'CT ¥ 06'TL = (%) DA4/TAIS
(11) {(pas0dxa) %099 = 1e04Y] 240s {(Pasodxa) %/ 98 = eaudsAp (pasodxa) %z'G6 = Yy3nod (1)

S|0J3u0d pue pasodxa Usamiaq uoiduny Aseuow|nd
Ut 92U3Ia41p JUBDLIUSIS OU (1) (SO0 > d) (S1043U0) %0"0f PUE (PASOAXa) %"/ = 160y} 3105 (1)

(S0°0 > d) (S1043u02) ZTL F ¥E€'68

pue (pssodxs) 60'TT F90°L8 = (%) DAJ/TAIH (1) {(S0°0 > d) (S|043U02) % '8 pue (pasodxs)

%T°9T = wnInds {(S|0J3U02) %/ T pue (pasodxa) %E¢'g = 3uIzasaym (G0°0 > d) ‘(S|o43u0d)
%.°0T pue (pasodxa) %'6T = Y3N0d :(S|041u0d) % /0T pue (pasodxa) %8 /z = eaudsAq (1)

S|0J3U0D pue pasodxa uaamiaq uoijduny Aseuowind ul 32uUaJa4Ip JueduSIS

ou (11) {(S|o43u02) %0 pue (Pasodxa) %8°TT = SIHYdUOIQ JIUOIYD {(S|0JIU0D) %0 pue (pasodxa)
%0°GE = UOILIXd U0 BaudsAp (S[041U02) %8G pue (pasodxs) %0'GE = Y3nod aAionpo.d (1)

(S0°0 > d) ‘(pasodxa-uou Jo

MOJ) 0%'9 ¥ 00'C6 “(Pas0dxd) 09°9 ¥ 06'98 = DAA/TAIA (1) :%0°G = Buizaaym %z T = esudsAp
1%8'6¢ = uoionpoud wninds (%¢°9T = Yy3nod :s1axom ||e Suowe swoldwAs Alojelidsay (1)

eS3ulpuly

SOA

S9N

SOA

S9N

SOA

SIA

SOA

SOA

SOA

SOA

SOA

1id

uolouny Aseuow|nd ul a8ueyd }1Yys-ssouD)

ssaussa|yiealq ‘w3ajyd ‘y3nod

SiHyduoIq
oluoJayd ‘uted 3sayd ‘wdsjyd ‘y3nod

ewyjse Jo Aioisiy
3sed ‘eaudsAp ‘SBuizaaym ‘wssjyd ‘y8nod

ewyise
Jo AJo3siy jsed ‘uizasym ‘eaudsAp ‘Yy3no)

ewyjse ‘esudsAp ‘Suizeaym ‘w3s|yd ‘Yysnod

eaudsAp ‘y3no)

Buizaaym ‘eaudsAp ‘ssauzysn 3sayd ‘ysSnod

wnnds ‘Buizeaym ‘y3nod ‘esudsAq

siiysuo.q
21U0JYD ‘UoIJIBXD UO eaudsAp ‘Y3no)

3uizaaym
‘eaudsAp ‘uoionpoud wninds ‘Yy3no)

sisougelp/swoldwAs

6L

9¢€T

[4]

69¢

144

(012

(0] 74

€9

1€9

€

1145

SiaxJom
J0 'ON

[£86T] ‘e 32 BUIEAOD

+c[d9£6T] 'le 10 3|quen

2, [89L61] "B 39 3jquen

wI926T] 'le 39 aul4

ov[29£6T]
$1919d pue aul4

12[A9£6T] si312d
pue aulq :y[e9/6T]
S19)19d pue aul4

0clSL6T] |e 32 0d1dop

[066T] ‘[e 19 wodseg

»1[€702] '[e 33 1ydueny

5cl986T]
‘[e 19 uossiapuexaly

H[1702] '|e 19 ey

LESIIEIEIEN|

SJ19y40M 3unnjoejnuew Jaggna 3uowe aseasip Alojeidsad jueusdijew-uou pue swoldwAs Asojedidsal Jo aousjeAald |euol}dss-ssol) € 319vV.1L



(sanunuo))
(€2-7°0) T'T ‘(Pas0dxd) (2'2-9°0) 2'T = (1D%56) YO ‘ssaulysi3 1sayd Jo/pue Suizaaym ‘esudsAp
{(S0°0 5 d) ‘(pasodxa [9A8] saulwesoanu-N Y3iy) (£°9-T'T) £'Z pue ‘(pasodxs [9A| Saulwesosiu
-N 1elpawLul) (2T1-2°2) T'S (pasodxa [9A9| saulwesouu-N MOo|) (2°6-8°'T) O'p ‘(pesodxa)
(8°'£-6'T) 6°€=(12%56) YO UBN02 {(S0'0 5 d) (Pasodxa [9A9] saulwesoIu-N Ysiy) (6'G-T'T) 9°C
pue ‘(pasodxa [9AS| SUIWESOIIU-N SleIpawIaul) (1°/-G'T) 1'E (Pasodxa [9A3] Ssulwesosjiu
++ -N MOJ) (£'£-£"T) L€ ‘(pas0dxa) (T'9-£L'T) T'€ = (1D%S6) YO ‘SsauAp pue Sujuing jeolyy ()  ON
+ (sl013u02) 6ZT-0G ‘L6 PUe (pasodxa) 6ZT-LS ‘G6 = (93ued ‘Ueaw) (%) DAL (1)  S9A
(pasodxa [9A9] dH-T Y3IY) (8'2-G°0) €'T Pue ‘(pasodxa [9A3] dH
-T 91eipaulaiul) (7'2-1°0) T°T ‘(Pasodxe [9A3] dH-T MOJ) (€°€-9'0) §'T = (1D%S56) O ‘ssauysn
159D 10 ‘9zaaym ‘esudsAp {(pasodxs [9AS| dH-T Y3IY) (0°£T-6°2) 6'9 pue (pasodxs |aA3)
++  dH-T 93eipauaiul) (0°6-G'T) 9°€ (pasodxa [9A3] dH-T MO|) (€'8-€'T) £'€ = (ID%56) YO ‘Usnod ()  ON
+ (s49340m pasodxa) (€'8-0'T) 6T = (ID%S6) YO ‘P3|qasON  ON SS9USIEOY ‘PR3|GISON 79T  ;[e800¢] ‘e 3o uossuor

(pasodxa [9A3] WD LL Y3IY) (8'2-9°0)

€'T pue (pasodxa [2A9] YD L1 d1eIpawialul) (Z°Z-€°0) 6°0 ‘(Psodxa [9A3] YO LL MOJ) (9°2-G°0)
T'T {(pesodxa) (2'2-9°0) T'T = (1D%S6) YO ‘ssaulysny 3sayd Jo ‘Buizasym ‘esudsAp (500 5 d)
‘(pasodxa [9A3] WDLL YSiY) (Z°£-€'T) 0'E pue ‘(pasodxa [9A3] YD LL Sjelpawaiul) (02T

THAPA €T AL

ssaujysiy 3sayd
‘Buizaaym ‘eaudsAp ‘Yy8nod Aip aianas
‘ss9UasJIeOY ‘SSsauAIp pue Suluing 1eody| 062 +,16002] ‘[e 32 uossuor

juswuredwi Sun LT ,,[28007] ‘[e 3@ uossuor

ssaujysiy 3sayd
‘Buizeaym ‘eaudsAp ‘y3nod ‘Suiuing jeouy 69C  4,19800¢] ‘|e 3o uossuor

ssauysiy 3sayd

++  -2'C) T'G (pasodxa [9A3] YD 1L MO)) (£'8-G'T) 9°€ ‘(Pasodxa) (££-6'T) 8'€ = (ID%S6) ¥O ‘USno) ()  ON  ‘Suizeaym ‘esudsAp ‘ysnod ‘Suiuing Jeouy | €8¢ ,[£00€] ‘|e 33 uossuor
++ Fv-¥'T) ST=(10%S56) 4O ‘AdOD ()  ©ON adod |74 £[z002] le 12 opziuH
(s4ax40m Buipunodwod) 2T = ()84 ‘98'9€ = ITL/AY ‘TEE€ =()IT1L ‘2T = (DAY pue
‘(s49310m BuiZIUBIINA) TO'C = ()DUH PUE'GE'6Z = DTL/AY ‘79°E = (NDTL ‘60T = (DAY ‘(Siaxiom
+ Suipeo| pue Suidexoed) 00 = ()D¥4 Pue ‘G6'8Z = 01l DTL/AY ‘€£'€=(1DTL ‘80T =()AY ()  SIA uoldLsal pue uoildniisqo sunT 199 76671 ' 32 e1dno

(s4934om Buipunodwod) OT LT F 0T 68 PUB (SI9XI0M UOIJeZIUBD|NA)
0£°ZT F06°68 ‘(s4910m 3uipeo| pue 3uidexded) 06/ F 0S5 T6 = (51894 9< JuswAojdwa
30 y13ua) (%) DA /TAIA (1) ‘papiaoad Jou SuaMm staquinu d14123ds :(s1ax10m 3uipunodwod)
uoljelludl 3eodyy ‘poojq ym wninds pue y3nod ‘uoiieliidl 3sayd ‘uied 3sayd ‘swajqoud
3ulyjeauq pue ‘(siox40m 3uiziued|nA) poojq yum wninds pue y3nod ‘uled 3sayd ‘swajqoud
+ 3uiyiesuq ‘poojq SuiWoA ‘(siax4om Suipeo| pue Suideyded) uied 3sayd ‘sws|qoad Suiyiesig (1)

3uIWOA poo|q ‘wninds ‘Y3nod ‘uoliejll
SOA 159y ‘suted 3sayd ‘swsjqoid Suiyiesug 199 eld€66T] '8 30 e3dno

SN[eA MEJ Ul 9SB3IdUl Ue 0] Spes| Uoi1donaisqo Jo |edaldAl uonouny

Sun| ul sa8ueyd ‘(siaxiom Suipunodwiod) 980 F ZT'Z PUB ‘(SI9XI0M UOIIEZIUBDINA) 98°0 F
28T ‘(s4aiom Suipeoj pue SuiSexded) G°0 F TG'T = S F UeSW (adue)sisas Aemuie) mey (i)
{(s49>40M Suipunodwod) %0t PUe ‘(S4axJom uoljeziued|nA) %0z ‘(Sulpeo| pue 3uidexded) %0+
:poo|q yam 3uiliwoA ‘(Suipunodwod) %0’ pue (SI93J0M uoljeziued|nA) %0'c (Sulpeo| pue
SuiSexded) %09 :ssaussajyiealq ‘(siaxiom Suipunodwod) 9%0°GZ PUe (SI9XJOM UO[IeZIUBd|NA)
% 0°ZZ ‘(Buipeo| pue SuiSexoed) %07/ = uied 3sayd (siaxdom Suipunodwod) %0'c pue

Ssaussa|yjealq

+  ‘(s494om uopreziued|nA) %0 L ‘(S4ax4om 3uipeo| pue Suidexded) %09 = wninds yum 3uiysno) (1) SOA ‘uted 3s9yd ‘wninds yum 3uiy3nod 929 or[€E66T] ‘e 32 B3dn
(H1Ys >iom Jo Buluuisaq)
6T F 80T PUB (HIYs Y40M JO pud) /T F #0T = (P3321paid %) TATS PUe (M1Ys H4om Jo Buluuisaq)
¥T F 0T PUe (H1Ys Y40M JO pusd) 4T ¥ Q0T = (PaIIPaLd %) DAL :21NS0dX3 SIEIA G< {(HIUS oM
q2UBpIND SSuipuiy  1d4d sisouSelp/swoldwAg  siaxiom EERIEYEIEN|
jo J0 "'ON
Yi8uans

(penupuod) € 379V1




THAPA €T AL

(senunuo))

++

+++

+++

++

JUIPIAD
Jo
Yi8uans

q

%0°'G/ = Saseas|p
AJojeldidsas 03 10adsas M SI9XI0M Juswiedap Jayjo pue Sulinidejnuewl usamiaq
9]&4 3WI] 15O Ul 92UIIP ‘%7 LT = (95easip Alojelidsal) s1oxIoM ||le Suowe aduasge SsauxdIs (1)

(pasodxa
3SNp MOJ) TOO'0 F 0640 PUe ‘(pasodxa sawny pue 3snp wnipaw) TO0'0 ¥ 98£°0 ‘(Pasodxa
1SnNp Y31Y) TOO'0 F S62°0 :ISF/TAIH 40 onjes uesw (11) (pasodxs 1SNp MO|) %/ 9T pue ‘(pasodxa
Sawiny pue 1snp wnipaw) 9%/°z¢ {(pasodxa 1snp Y3iy) %6°Sg = SsauUIy3ia 1sayd :(pasodxa 1snp
MO|) %8 pue ‘(pasodxa sawny pue 3snp WNIPaw) %/ Z {(pPasodxa 3snp y3iy) %G+ = 3uizasym
{(S0°0 > d) (pasodxa 3SNp MO|) %E 67 Pue (pasodxa sawny pue }snp wnipaw) %Gz
‘(pasodxa 1snp Y31y) %5°SE = y3nod aAI3oNpoud 10 3500| {(S0'0 > d) ‘(pasodxe 1snp Mo|) %0°6T
pue ‘(pasodxa sawny pue 3snp wnipaw) %5z ‘(pasodxa 1snp ysiy) %S = SiHyduo.q d1uoay) (1)

(1000°0> d)

‘(pasodxaun) TH'T6 pue (pasodxa) £8'6/ = (%) TAI4 (1000°0> d) (pasodxaun) 06°T6

pue (pasodxa) €08 = (%) DA (T000"0> d) ‘(pPasodxaun) G9°04 pue (pasodxa) 826/ = (%) DA

1) {(T00'0 > d) ‘(S|043U0d UOWS) %8°0T PUE ‘(S|0JIUOD SISNOWS-UOU) %78 ‘(SI90oWs pasodxa)

%E°9E (SIOWS-UOU Pasodxa) %6°0T = SSDUSSS|Y1ealq {(S|0JIU0D JDMOWS) %t'G pue (S|oJjuod

SIDHOWS-UOU) 9%/ Z ‘(SI90WS Pasodxa) %¢ /¢ ‘(S1aows-uou pasodxa) %z'9 = Yy3nod

9A119NPO.Ud (S|0JIUOD I9NOWS) %4'8T PUE ‘(S|0JIUOD SISHOWS-UOU) %Z'g ‘(S4aqows pasodxa)

%1781 ‘(S4aows-uou pasodxs) 94T /T = W3a|yd :(S|0J3U0D USXOWS) %G CT pue (s|oJ3uod
SIOWS-UOU) %1'G “(SIOWS Pasodxa) %t g (S1aqows-uou pasodxa) %9°GT = 43no) (1)

(S0°0 > d) (S1013u02) T/°6 F ¢6'TOT Pue (pasodxs) £€ZT F0£'86 = (%)

A4 /TA3A (1) (T0000 = d) ‘(S1043u02) %0 pue (pasodxa) % 6°T¢ = eaUdSAp (s|0.3u0d) %i/'T

pue (pasodxa) % 0'G¢ = SUIZaayM {(S|0J4IU0D) %8°Z pue (pasodxd) %0°'SZ = Y3nod aAldNpoud
{(S|043U02) %/ G pue (pasodxa) %9' T = W3s|yd :(S|043U02) %t T pue (pasodxs) %9 €z = y3noD (1)

(S0°0 > d) ‘(S|043U02) 06'T8 PUe (Pas0dx3) 06'6L = (%)

DA /TATA (1) {(S|0J3U0D J9X}OWS) %0'CT PUB ‘(S|0JIUOD ISOWS-X3/U0U) %0'g ‘(19owWs

pasodxa) %0°G ‘(4ows-xa,/uou pasodxa) %0°'CT = XIe1e JIIeWyIse ((S|0JIU0D Jaqows)

%0°6T PUB (S|0JIU0D ISXOWS-X3/UoU) %0'ET ‘(4oows pasodxad) %0 TZ ‘(49>0ows-Xa,/uou

Pasodxa) %0°6T = 9Z99Ym Jo/pue eaudsAp {(S|0J3U0D JS}OWS) %0'9T PUe (S|0JIUO0D JSXNOWS-XS
/uou) %0°g ‘(4oxows pasodxa) %0°ET ‘(19ows-xa/uou pasodxa) %0’ = wa3s|yd Jo/pue y3no) (1)

siayIom dnjewojdwAse ueyy TAJH J9Mo|
pey swoldwAs Asojelidsal Suiiodad SISNIOANA (I1) {(SI19340M [e1sod) % T pue (SI9xJom Jaggn.)
%T°8 = ssau||l 1sayd pue w3s|yd ‘Yy3nod juaisisiad :(s1axIom |e1sod) %0'0T PUe (S193Iom
1999nJ) %6°TZ = W3s|yd ‘(s1axiom |e1sod) %4°0T pue (S19)IoMm Jaqgnl) %£ 9T = y3nod (1)
%6°'T¢ = suonipuod Aseuownd
19410 pue ‘%0°TT = BWYISE ‘%t 'cG = ewasAydwsa ‘Alljigesip Aleuowind 01 anp saaJijal [e10] (1)
(pasodxa [2A9] saulwesoIu-N Y3Iy) (8°'2-G°0) C'T pue
‘(Posodxa [9A3] SaUIWES0.I}IU-N S3BIPaWIRIUL) (E°€-/°0) G'T ‘(P9SOdXD |9AS] SSUIWESOI}IU-N MO))

S3ulpuly

OoN

SOA

SOA

SOA

SOA

SOA

ON

14d

AN

S9131Ydu04q d1UoIYd
‘ssaujysi} 3sayd ‘Yy3nod ‘esudsAp ‘Suizasypn

3u1zeaym ‘ssaussajyjealq ‘w3ayd ‘y3no)

eaudsAp ‘Buizeaym ‘wdsjyd ‘y3nod

>oeje dewyise
‘9zaaym ‘eaudsAp ‘w3ajyd ‘y3nod

ssau||l 3sayd ‘w3ayd ‘y3no)

ewyjse ‘ewasAydw]

sisouSelp/swoldwAg

€L6

0LE

£0C

134"

6.1

0c8T

€L

SI}IOM
J0 'ON

25[866T] '[e 19 1aqNnzs

0s[¢86T] '[e 32 Seds

«1£002] 'le 32 gqeyssN

gv[1702] '[e 39 qeyssN

,[866T] "e 32 JalidBN
11[926T]
e 39 [9UYDINIIN

12lLL6T] e 33 Jeupa

EERIEYETEN |

(penupuod) € 379V1



THAPA €T AL

*T 9|/e1-SUOIIULJAP ‘UOIEIDOSSE OU ‘N :UOIJID0SSE SA1}ISOd JUBDHIUSIS-UOU ‘+ 19JEIPSULISIUL “++ :BUOIIS “+++ (UOIJEID0SSE SAI}ISO J0) 9IUSPIAS JO U3BUdNS,

‘suolzedlignd ul pajiodad s3ulpuld,

‘(Yrea4q Jo ssaulloys pue ‘ssaussa|yieslq ‘uled 1sayd ‘uolrell 3sayd ‘wdajyd ‘ssaulydi

1592 ‘Buizeaym ‘esudsAp ‘uononpoud wninds ‘43nod) swoldwAs Asolelidsal Jamo| pue (siisnuis pue ‘siuduAleyd ‘sssuasieoy ‘sssuAlp pue Suluing Jeodyl ‘uolsaduod |eseu ‘pas|gasou) swoldwAs Alojesdsal
Jaddn "Si93I0M |04ju0d pue pasodxa Jo sdnoud oM} ay} usamiaq Supjows 91324e31d Jo sieah pue Qy3vy ‘93e :ss|gelieA 3uipunojuod Jofew sy Jo) pajsnipe ‘93e JO SIedA {7 JI9A0 SIDNIOM JDCQgNJ |04JU0D de|q
-UoU 3} WoJj paALISp uoljenbs uoissaidal sdijnw e uo paseq ‘OAH pue TAJH [enpisad (1593 uolduny Aleuow|nd e Jo snjeA [enjoe sy3 pue pajdipald ay) Usam)aq S2Uala)Ip ‘[enpisay ‘plde dl|Axogled-1-aulpljozelylolyl
-Z ‘YD 11 ‘duaIAdAX0IpAY-T ‘dH-T ‘Andeded [eA ‘DA ‘Aldeded 3un| |e103 ‘D7 404D pJepue)s ‘IS ‘UoljeIASp pJepuels ‘gs :dWNnjoA [enpisal ‘AY 9pLIojyd JAuirAjod ‘DA Buisal uoiouny Aseuow|nd ‘| 4d :SuoquedolpAy
JnewoueAjod ‘sHyd -Ja11ew alendiued ‘|Ad pa1dadxe /panlasdo ‘J/Q -011ed SpPo YO (SO0 2 d) Iuediiudis-uou ‘SN :paniodal Jou YN ‘saajjiw ‘jw ‘Anoeded jenpisald |euollduny ‘Oy4 ‘Aloeded |ellA padioy
‘DA4 ‘DA 10 %S/ 1e Mo|J Alojelidxa padlos ‘G/ 434 ‘DAL JO %0G 18 MO|J Alojelidxa PadJo) ‘05434 ‘$29S T Ul Swn|oA Alojelidxs padlo) ‘TAFS ‘aseasiq Aleuow|ng aA1IdNIISqQO 21U0ayD ‘AdOD ‘[eAI91Ul 32U3pIIU0d ‘[D

(TO'0 > d) ‘(S|043u0d U9 OWS-uou) 09°0- PUE ‘(S|0JIU0D JOoWS) O’ Q- ‘(42ows-uou

pasodxa) 08'T— ‘(4aows pasodxa) / €— :HIYS J93Je-91043q 92U = (%) DAL (11) :(S]013u0D)
%0 pue (pasodxa) %T°G = ewyise |euol}ednddo (100 > d) (S|043U0d) %L €Z pue (pasodx)
%681 = SIHY2U0I] DIU0IYD {(TO'0 > d) (S|043U0D) %T 6T PUE (Pasodxd) %9 €9 = eaudsAp

(T0°0 > d) (S|043u02) % GE pue (pasodxa) %8 TG = W3dyd (TO0 > d) (S|043U02) %Z'9Z ewyise [euollednddo ‘saf3iyouolq
+++ pue (pasodxa) %9°2S = U3nod (T0'0 > d) (S|043U02) %6'Z pue (pasodxs) %/ € = sanisnuis (1) SSA  dluoJyd ‘esudsAp ‘w3s|yd ‘Yy3nod ‘sajisnulg 178G <1[966T] '[e 33 upjsnz
(S00>d)

(s49340m Buljjiw) 00'T = 3/0 DAL Pue 0€'T = 3/0 ‘TAIL (2V0°0 = d) ‘(s49x40m SuLInd) Jeah
3unnd Jad Jw ZT 1noge 38 DAH JO SSO| pue (9£0°0 = d) (S49340M Sunind) JesA Suund Jad qw ZT
noge 3e TAJH Jo ssoj (1) (SO0 > d) ‘(s49340Mm 3ulfjiw) £°T = J/O ‘wninds :(s1axsom 3uljjiw)
G'T=3/0 pue 2'G-8'T = |D ‘Ssauysiy 1sayd {(SI9340M 3ULINd) T°S-4°0 = |D ‘wninds :(SIaxiom QNEHwQS
uljiw) $'T = 3/0 pue (s4a340m 3ulnd) 1°Z-8°0 = | ‘Y3nod ‘(s4axom Suliw) €7 =3/0 ssaujysiy 3sayd ‘9zasym ‘[B 12 S9N
+++  PUB (SIDMUOM SULIND) GZ-T'T = |D 9Za9YM (SIa340M 3ulind) 8 T-1°0 = |D ‘Yieauq Jo ssaunoys (1) SOA ‘wninds ‘Y48nod ‘yjealq Jo ssaulloys [ ‘5z[€T86T] '[e 32 S} M

(01T1-L€) 6€ = (1D%56) YO ‘(42410) 90T pue (sijiom
uol33[ulowayy) 4T = dlFewoldwAse {(Jay30) T pue (SJaxIoM uoipdafuiowtayy) / = dpewodwAs

‘98e GZ< (0°€9-T'Y) 9T = (1D%56) ¥O ‘(49Y10) TG pue (sia3iom uopdafuiouniayy) eaudsAp ‘Suizesaym
++ GT = d1rewoldwAse {(Jaylo) € pue (S19x40M uoidsfulowssyy) 4T = dnewoldwaAs ‘93e 6zs (1) ON ‘4y3nod ‘sii3uAseyd ‘uoilsa8uod [eseN /T2 1[986T] '|e 30 sewoy |
q2OUSPIAS SSuipuly  14d sisouSelp/swoldwAs  siaxyiom EERIEYEIEN|
jo JO0 'ON
Y18uans

(penunuod) € 379V1



THAPA €T AL

Odds Ratio (95% Cl)
24.40 (7.90-75.60)
2.50 (1.40-4.40)

3.80 (1.90-7.70)

3.30 (1.30-8.30)

3.90 (1.90-7.80)

2.30 (1.40-3.70)

3.83 (2.28-6.51)

Author, year

Thomas et al. [1986]*
Hnizdo et al. [2002)
Jonsson et al. [2007]°
Jonsson et al. [2008b]°
Jonsson et al. [2009]"
Attarchi et al. [2013]°
Summary Odds Ratio

Weight (%)

B 11.33
. 19.42
—a— 17.31
— 13.87
—— 17.20
— 20.87

- 100

0.1 2 40

FIGURE 2 Forest plot of cross-sectional studies® for the association between occupational exposure to rubber manufacturing emissions
and development of respiratory symptoms or non-malignant respiratory disease. ?Caluculated odds ratios and Cl from values reported in
manuscripts. °Study included multiple odds ratio values so selected highest odds ratio value for a lower respiratory symptom. °Cross-
sectional studies included in the meta-analysis were studies that reported odds ratios with CI for respiratory symptoms or NMRDs, or
reported data to calculate odds ratios and Cl. Cl, Confidence Interval; NMRD, non-malignant respiratory disease

1.46) among retired workers in the German rubber industry.® Another
identified elevated mortality among retired U.S. male rubber
manufacturing workers aged 40-64 years from bronchitis, emphy-
sema, and asthma (SMR=1.84, 95%Cl, 1.43-2.40) and other
respiratory diseases (SMR = 3.09, 95%Cl, 1.8-5.08).>> A third study
among tire manufacturing workers with different work tenures (range:
<6 months-10 years) described various NMRD-related mortalities
among workers with tenure <6 months, 6 month-2.5 years, >2.5-10
years, and >10 years (SMR = 2.06, 95%Cl, 1.36-3.00; 1.92, 1.23-2.85;
1.23,0.71-1.96 and, 0.59, 0.27-1.12, respectively).®” Mortality related
to NMRD and chronic airway obstruction among workers with 10
years latency was also elevated (SMR = 1.46, 95%Cl, 1.15-1.83; 1.67,
1.17-2.31, respectively). Finally, a fourth study reported mortality for
bronchitis, emphysema, and asthma (SMR = 1.82, 95%Cl, 1.06-2.94)
among workers in different sectors (sponge rubber, rubber with plastic,
crepe rubber, etc.) of the rubber and cable making industry.”®

For the meta-analysis of mortality studies, SMRs with confidence
intervals from 19 mortality studies were analyzed for the association of
rubber manufacturing emissions and NMRD-related mortality (Figure
3). Because 12 was moderate-to-high (63.2%) and a high heterogeneity
was perceived during the formal review,3® the random effect model
was used for the meta-analysis. The overall SMR for the mortality
studies meta-analysis was 0.90 (95%Cl, 0.82-0.99).

4 | DISCUSSION

This systematic review identified some evidence that exposure to
rubber manufacturing emissions is positively associated with NMRD.
Available evidence included: (1) 11 case reports of respiratory
conditions occurring among workers in rubber manufacturing facilities,
including one case report of occupational asthma that included a
positive specific inhalation challenge and one case of acute
eosinophilic pneumonia; (2) all 30 cross-sectional studies provided
at least non-significant positive association between exposure to
rubber manufacturing emissions and development of respiratory
symptoms, lung function abnormalities, or NMRD, including nine

studies that had strong evidence of association; and (3) the meta-

analysis among the six cross-sectional studies that calculated an odds
ratio indicated a significant positive association between rubber
manufacturing emissions and respiratory symptoms or NMRD.
Although 15 of 26 mortality studies had at least non-significant
positive association between exposure to rubber manufacturing
emissions and NMRD-related mortality, the mortality study meta-
analysis found no association. However, one mortality study did
indicate strong evidence of association between rubber manufacturing
emissions and NMRD-related mortality.

The majority of the cross-sectional and mortality studies included
in this review did not conduct a comprehensive exposure analysis.
Among the cross-sectional studies, only nine discussed exposure to
specific chemicals (Napthalene-diisocyanate, talc dust, hexamethy-
lenetetramine-resorcinol resin, benzo(a)pyrene, carbon disulfide, and
carbon black dust) while the other 21 described general rubber
manufacturing emissions exposure. Rubber manufacturing workers
are exposed to a multitude of natural or anthropogenic chemicals and
high concentrations of ultrafine particles through inhalation routes.’
Evidence has indicated that mixing natural or anthropogenic chemicals
with combustion-produced fine and ultrafine particles might increase
transfer of chemicals into the respiratory cells; thus, increasing
respiratory morbidity and mortality.?>”7 The complexity of rubber
manufacturing exposures makes completing an accurate exposure
analysis and determining the role rubber manufacturing emissions
exposure plays in the development of NMRD difficult.” Because of the
challenges in attributing specific exposures to health outcomes, animal
studies of rubber manufacturing emissions could contribute to a better
understanding of the potential respiratory toxicity that occurs from
working in rubber manufacturing.

Work-related asthma is characterized by asthma symptoms that
occur in a previously healthy worker (occupational asthma) or a worker
previously diagnosed with asthma whose symptoms are made worse
by the workplace (work-exacerbated asthma).”® There are over 300
known respiratory irritants and sensitizers that can lead to the
development of work-related asthma and many are found in dusts,
fumes, and vapors from rubber manufacturing.*>1>728% Several
studies and case reports identified during this systematic review

described cases of work-related asthma including a confirmed case of
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TABLE 4 Non-malignant respiratory disease-related mortality among rubber manufacturing cohorts

Cohort and
reference

A—Andjelkovich
et al. [1978]>*

A—Andjelkovich
et al. [1976]°°

A—McMichael
et al. [1974]>¢

B—Beall et al.
[2007]%7

C—Delzell and
Monson
[1982a]°8

C— Delzell and
Monson
[1982b]>°

C—Delzell and
Monson
[1984]¢°

C—Delzell and
Monson
[1985a]°*

C—Delzell and
Monson
[1985b]%2

C—Monson and
Nakano
[1976]°°

D—Dost et al.
[20071¢

D—Straughan and
Sorahan
[2000]°°

E—Pira et al.
[2012]%¢

F—Sathiakumar
et al. [1998]¢7

F— Sathiakumar
and Delzell
[2009]%8

G—Weiland et al.
[1996]*

G—Straif et al.
[2000]%

G—Vlaanderen
et al. [2013]Y

H—Wingren

No. of
workers

1649

2373

6678

3425

2666

327

3161

1790

1152

13571

8651

8651

6251

15649

4863

11663

8933

13395

5745

Required tenure
Employed or

retired

Employed or
retired

Employed or
retired

21 year

22 years

22 years

>2 years

>2 years

22 years

25 years

21 year

21 year

26 months

21 year

21 year

21 year

>1 year

>1 year

>1 month

Findings

(i) White females, 40-84 years age category, 1964-1973; (ii) pneumonia®,
SMR, 0.66 (95%Cl, 0.24-1.47); (iii) bronchitis, emphysema, and asthma,
SMR, 1.05 (95%Cl, 0.26-2.86); (iv) NMRD, SMR, 1.96 (95%Cl, 0.50-5.40)

(i) White males, retired group, 40-64 years age category, 1964-1973; (ii)
pneumonia®, SMR, 0.88 (95%Cl, 0.22-2.40) (iii) bronchitis, asthma, and
emphysema, SMR, 1.84 (95%Cl, 1.43-2.40); (iv) NMRD, SMR, 3.09 (95%Cl,
1.80-5.08)

(i) White males, 40-64 years age category, 1964-1972; (ii) chronic respiratory
diseases, SMR, 0.96 (95%Cl, 0.53-1.59)

(i) Total employees hired in or after 1962; (ii) NMRD, SMR, 0.51 (95%ClI,
0.30-0.80) (total employees) and 0.52 (95%Cl, 0.31-0.83) (male)

(i) White males, processing workers, 1940-1971; (ii) NMRD, SMR, 0.84 (95%
Cl, 0.64-1.08); (iii) emphysema, SMR, 1.18 (95%Cl, 0.75-1.77)

(i) White males, exposed to acrylonitrile, 1940-1971; (i) NMRD, SMR, 1.04
(95%Cl, 0.30-2.40)

(i)) White males, aerospace workers, 1940-1971; (ii) NMRD, SMR, 0.80 (95%
Cl, 0.60-1.00)

(i) White males, reclaim division workers, 1940-1971; (i) NMRD, SMR, 0.90
(95%Cl, 0.60-1.30); (iii) emphysema, SMR, 1.30 (95%Cl, 0.60-2.40)

(i) White males, curing workers, 1940-1971;(ii) emphysema, SMR, 0.80 (95%
Cl, 0.30-1.70); (iii) NMRD, SMR, 1.10 (95%ClI, 0.80-1.60); (iii) pneumonia
(curing workers compared to non-curing workers), SMR, 2.20 (95%Cl,
1.37-3.38)

(i) White males, 1940-1974; (ii) NMRD, SMR, 0.68 (0.59-0.77); (iii) asthma,
SMR, 1.60 (95%Cl, 0.82-2.73); (iv) pneumonia, SMR, 1.60 (95%Cl, 0.84-
2.64)

(i) Total employees, 1983-2004; (ii) NMRD, SMR, 1.24 (95%Cl, 0.82-1.79)
(male) and 1.70 (95%Cl, 0.55-3.97) (female)

(i) Total employees, 1983-1998; (ii) NMRD, SMR, 1.12 (95%Cl, 0.60-1.80)
(male) and 0.81 (95%Cl, 0.04-4.01) (female)

(i) Males, 1954-2008; (i) COPD, SMR, 0.63 (95%Cl, 0.39-0.95)
(i) Males, 1943-1991; (i) NMRD, SMR, 0.71, (95%Cl, 0.62-0.81)

(i) Females, 1943-2003; (i) NMRD, SMR, 0.97, (95%Cl, 0.79-1.18)

(i) Males, 1981-1991; retired and employed workers; (i) NMRD, SMR, 0.97
(95%Cl, 0.83-1.13) (combined), 1.03 (95%Cl, 0.87-1.21) (retired), and 0.72
(95%Cl, 0.46-1.08) (employed) (ii) COPD, SMR, 1.15 (95%ClI, 0.96-1.35)
(combined), 1.22 (95%Cl, 1.01-1.46) (retired), and 0.85 (95%Cl, 0.52-1.31)
(employed)

(i) Males, 1981-1991 (ii) NMRD, SMR, 0.99 (95%Cl, 0.80-1.22)

(i) Total employees, 1981-2000 (i) NMRD, SMR, 0.97 (95%Cl, 0.86-1.08)
(male) and 1.13 (95%Cl, 0.65-1.83) (female)

(i) Males, 1958-2001; (ii) NMRD, SMR, 2.06, (95%Cl, 1.36-3.00) (< 6 months

Strength
of
evidence®

+

NA

NA

NA

+++

+

NA

NA

NA

++

NA

++

(Continues)
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TABLE 4 (Continued)

Strength
Cohort and No. of of
reference workers  Required tenure Findings evidence®
[2006]¢° tenure), 1.92 (95%Cl, 1.23-2.85) (6 months—2.5 years tenure), 1.23 (95%
Cl, 0.71-1.96) (>2.5-10 years tenure), 0.59 (95%Cl, 0.27-1.12) (>10 years
tenure), and 1.46 (95%Cl, 1.15-1.83) (10 years latency); (iii) pneumonia®,
SMR, 1.23 (95%Cl, 0.83-1.75) (10 years latency); (iv) chronic airway
obstruction, SMR, 1.67 (95%Cl, 1.17-2.31) (10 years latency)
|I—Delzell et al. 1792 22 years (i) Males, 1954-1976; (ii) NMRD, SMR, 0.94 (95%Cl, 0.51-1.57) NA
[1981]7°
J—Boniol et al. 38457 21 year (i) Total employees, working since 1975; (i) Respiratory diseases excluding NA
[2016]7* pneumonia, SMR, 0.93 (95%Cl, 0.72-1.19) (male), 0.74 (95%Cl, 0.38-1.42)
(female), and 0.90 (95%Cl, 0.71-1.13) (combined)
K— Mirabelli et al. 9501 Observation (i) Total employees, 1962-2000; (ii) NMRD, SMR, 0.67 (95%Cl, 0.41-1.02) NA
[2012]72 started at the (male)
date of hire
L— Gustavsson 8734 21 year (i) Total employees, 1952-1981; (ii) NMRD, SMR, 1.15 (95%Cl, 0.79-1.60) +
et al. [1986]7° (male); (iii) asthma, bronchitis, and emphysema, SMR, 1.26 (95%Cl, 0.72-
2.04) (male)
M— Taeger et al. 9597 >1 year (i) Total employees, 1981-2000; (ii) NMRD, SMR, 1.06 (95%Cl, 0.22-3.11) +
[2007]74 (male); (ii) COPD, SMR, 1.37 (95%Cl, 0.17-4.93) (male)
N— Fox et al. 40867 21 year (i) Males, 1968-1971; (ii) NMRD, SMR, 0.84 (95%Cl, 0.73-0.96) (all sectors) NA
[197417° and 0.55 (95%Cl, 0.35-0.80) (tire sector); (ii) bronchitis, SMR, 0.86 (95%Cl,
0.72-1.02) (all sectors) and bronchitis and emphysema, SMR, 0.82 (95%ClI,
0.60-1.09) (tire sector)
N—Fox and 40867 >1 year (i) Males, 1972-1974; (i) NMRD, SMR, 1.02 (95%Cl, 0.89-1.15) (all sectors) ++
collier. [1976]7¢ and 1.51 (95%Cl, 0.98-2.23) (sector: sponge rubber, rubber with plastic,

crepe rubber, etc) (ii) bronchitis, SMR, 1.14 (95%Cl, 0.96-1.34) (all sectors)
and bronchitis, emphysema, and asthma, SMR, 1.82 (95%Cl, 1.06-2.94)
(sector: sponge rubber, rubber with plastic, crepe rubber, etc)

Cl, confidence interval; COPD, chronic obstructive pulmonary disease; NA, no association; NMRD, non-malignant respiratory diseases; SMR, standardized
mortality ratio.

2Strength of evidence for positive association: +++, strong; ++, intermediate; +, non-significant positive association; definitions located in Table 1.

PSMR for pneumonia includes deaths from influenza as well.

Author, year SMR (95% C1) Weight (%)
Fox et al, 1974 0.84 [0.73-0.98) 9.04
Andjelkovich et al. 1976 3.09 (1.80-5.08) 1.08
Monson and Nakano, 1976 0.68 [0.59-0.77) 9.04
Delzell et al, 1981 0.54 [0.51=1.57) 2.60
Delzell and Monson, 1982a 0.84 [0.64-1.08) 6.31
Delzell and Monson, 1982k 1.04 {0.30-2.40) 1.08
Delzell and Monson, 1934 0,80 (0.60-1.00) 5.73
Delzell and Monson, 1985a 0.90 [0.60-1.20) 3.90
Delzell and Monson, 19350 1.10 (0.30-1.60) 481
Gustavsson et al., 1986 1.15 [0.79-1.60) 4.70
Weiland et al,, 1996 0.97 (0.83-1.13) 8.66
Sathiakumar et al., 1998 0.71(0.62-0.81) 8.99
Straif et al., 2000 0.99(0.80-1.22) 732
Straughan and Sorahan, 2000 1.12 [0.60=1.80) 21
Dost et al.,, 2007 1.24 [0.82-1.79) 4.18
Taeger et al., 2007 1.06(0.22-3.11) 0E7
Mirabelli ot al,, 2012 0,67 (0.41-1.02) 347
Viaanderen et al,, 2013 0.97 (0.85-1.08) 947
Boniol et al., 2016 0.5310.72-1.19) 6.56
Summary SMit 0,50 [0.82-0.99) 100

01 1 10

FIGURE 3 Forest plot of mortality studies® for the association between occupational exposure to rubber manufacturing emissions and
NMRD-related mortality. 2Mortality studies that reported summary standardized mortality ratios for male employees who died of NMRDs
(ICD code: 427-527). Cl, Confidence Interval; NMRD, non-malignant respiratory disease
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occupational asthma diagnosed following a positive specific inhalation
challenge.? Additionally, six cross-sectional studies reported a higher
prevalence of asthma, a significantly higher number of respiratory
symptoms, and a reduction in lung function among workers with higher
exposures to rubber manufacturing emissions compared with con-
trols.”"1>21264041 £yrthermore, four mortality studies that were
focused on malignant disease-related mortality reported SMRs for
asthma, bronchitis, and emphysema including two with statistically
significant SMRs>>7¢ and two with a non-significant positive associa-
tion.>*”2 Finally, another mortality study reported a non-significant
positive SMR for asthma.®® Because of the possibility of work-related
asthma occurring among rubber manufacturing workers, symptom
surveillance, and improving clinician awareness of work-related
asthma risks among rubber manufacturing workers might help identify
asthma caused by rubber manufacturing emissions sooner.

Six of the 11 case reports included in this review described
workers from two rubber manufacturing facilities who had respiratory
conditions and eosinophilia.»’> Eosinophilia with airway inflammation
occurs in a number of respiratory conditions including allergic rhinitis,
asthma, bronchitis, and COPD.8! Allergic airway sensitivity has been
associated with inhalational exposure to combustion products,®%3
and occupational exposures have been associated with eosinophil
production.? A recent study among professional firefighters who had
chronic and prolonged exposure to smoke and numerous ultrafine
particulates reported statistically significantly higher percentage of
eosinophils on induced sputum and bronchoalveolar lavage fluid
testing compared with healthy subjects or firefighter trainees, and
demonstrated a significant correlation between the percentage of
sputum eosinophils and years of service.®* Identification of eosino-
philic asthma versus non-eosinophilic asthma has important implica-
tions for identification of potential causes and for selecting appropriate
treatments.®> Although sputum eosinophilia is the gold standard of
diagnosis for eosinophilic asthma, persons with blood eosinophil
counts of more than 400 cells/uL can be expected to have increased
sputum eosinophils.2> Therefore, the use of blood eosinophil counts
among rubber manufacturing workers who experience respiratory
symptoms and the use of non-invasive biomarkers, such as fraction of
exhaled nitric oxide (FeNO) that can predict the presence of sputum
eosinophilia, can help identify cases of eosinophilic asthma.®®

The cross-sectional studies included in this review likely under-
estimated the prevalence of NMRD-related morbidity. Cross-sectional
studies are subject to healthy worker bias because ill workers leave the
workplace resulting in a healthier workforce.®” Even so, each of the 30
cross-sectional studies had at least a non-significant positive associa-
tion between exposure to rubber manufacturing emissions and
NMRD-related morbidity. In addition, a meta-analysis of six cross-
sectional studies demonstrated a significant positive association of
rubber manufacturing emissions and respiratory symptoms or NMRD.
Among the 30 cross-sectional studies, 22 incorporated only spirome-
try to assess lung function changes among rubber manufacturing
workers. Although spirometry is commonly used to identify work-
related NMRD, baseline lung function testing that includes spirometry
combined with other non-traditional testing methods such as impulse

oscillometry or FeNO might improve NMRD testing sensitivity.
Spirometry, as a single lung function test, has a poor sensitivity for
work-related asthma.®® Identifying work-related asthma in a cross-
sectional study includes establishing a relationship between symptoms
and work through a medical questionnaire and lung function
testing.2%?° To improve detection of asthma and other work-related
lung conditions among rubber manufacturing workers during future
cross-sectional studies, consideration should be given to completion of
comprehensive studies that include medical questionnaire, spirometry,
and other non-traditional testing methods that can aid in the
identification of asthma and other airway diseases.¢?+92 Additionally,
repeating these comprehensive studies could help identify rubber
manufacturing workers with excessive declines in lung function at
earlier stages of NMRD.?3%4

Although 15 of the 26 mortality studies indicated at least a non-
significant positive association, the meta-analysis for the mortality
studies demonstrated no association between rubber manufacturing
emissions and NMRD-related mortality. However, the mortality
studies included in this review were likely limited in their ability to
detect work-related NMRD-related mortality for multiple reasons.
First, the mortality studies were designed to detect cancer-related
mortality. Consequently, the studies assessed cumulative exposures
over long periods and the majority of studies excluded short-tenured
workers, which likely limited the identification of respiratory mortality
associated with short-term higher exposures to rubber manufacturing
emissions. For example, the case reports included in this study had a
median time from exposure to symptom onset of seven weeks. Eight of
the 11 mortality studies with no evidence of association between
exposure to rubber manufacturing emissions and NMRD-related
mortality excluded workers with tenure <1 year. One study of tire
manufacturing workers demonstrated a higher mortality for diseases
of the respiratory system among workers with a tenure <6 months
(SMR =2.06, 95%Cl, 1.36-3.00) compared with workers with tenure 6
months-2.5 years tenure (SMR=1.92, 95%Cl, 1.23-2.85), >2.5-10
years tenure (SMR =1.23, 95%Cl, 0.71-1.96), and >10 years tenure
(SMR =0.59, 95%Cl, 0.27-1.12).°° Second, death certificates are not
sensitive for detecting occupational lung diseases,”® and classification
of causes of death reported in death certificates is often inaccurate
with frequent discordance with clinical and autopsy information.”®
Third, work-related COPD mortalities might be falsely attributed to
tobacco-related mortalities because of the strong causal association
with tobacco smoking and the late onset of disease.”” To improve
detection of work-related respiratory disease mortality, future
mortality studies of rubber manufacturing worker cohorts should
include: NMRD cause of death codes, longer follow-up periods, short-
tenured workers, and methods to adjust for confounding of tobacco
use such as standardized rate ratios.”®

This study is subject to several limitations. First, systematic
reviews are subject to publication bias of the articles reviewed, which
might bias the findings towards a positive association between
exposure to rubber manufacturing emissions and development of
NMRD-related morbidity or mortality. However, in general, the
mortality studies were designed to detect cancer-related mortality
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and negative findings of NMRD-related mortality would not have
precluded their publication. Second, the mortality studies did not
assess for a history of tobacco use. Therefore, if the rubber
manufacturing workers used tobacco at a higher rate than the general
population, the studies might be skewed toward a positive association
between employment at a rubber manufacturing facility and NMRD-
related mortality. Third, the majority of cross-sectional and mortality
studies were lacking detailed exposure information, which limited the
ability to compare exposures across studies. Fourth, this review
included rubber manufacturing emissions studies from over a span of
42 years. During this period, substantial changes in rubber manufactur-
ing work practices have occurred,'® which potentially affected the
comparability or contemporary relevance of some of the results and
conclusions. Finally, our review was restricted to published studies
written in the English language, which might have underestimated the
occurrence of NMRD among rubber workers and the systematic
review results.

In summary, a systematic review of available case reports, cross-
sectional studies, and mortality studies provided some evidence that
working in rubber manufacturing is potentially associated with NMRD-
related morbidity and mortality, with more evidence for association
with morbidity. Conducting detailed exposure assessments during
cross-sectional studies that also include traditional (eg, spirometry) and
non-traditional testing modalities (eg, FeNO and impulse oscillometry),
and associating specific exposures to health outcomes, could help to
further describe the association between exposure to rubber
manufacturing emissions and respiratory morbidity. Furthermore,
future studies assessing mortality among rubber manufacturing
workers should include short-tenured workers and use statistical
methods that adjust for confounding from tobacco use. Finally,
conducting animal studies involving individual and mixed exposures of
the predominant chemicals used in rubber manufacturing could help
public health professionals better understand the potential respiratory

toxicity associated with rubber manufacturing.
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ENDNOTES

@ Search strategy and keywords: SCOPUS: TITLE-ABS-KEY (rubber OR
“ethylene propylene diene monomer” OR epdm OR neoprene OR
polychloroprene OR elastomer® OR “styrene butadiene” OR polybutadi-
ene) AND TITLE-ABS-KEY (“threshold limit value” OR employee* OR
facilities OR facility OR industry* OR manufactur* OR “maximum
allowable concentration” OR occupation* OR worker* OR workplace*)
AND TITLE-ABS-KEY (airway* OR alveol* OR asthma* OR bronch* OR
(bronchiolit* W/2 oblit*) OR chest OR respirat* OR expiratory OR fevl OR
(hypersensit* W/2 pneumon*) OR inhal* OR laryng* OR lung OR lungs OR
pneumo*® OR pulmon* OR respirato* OR spiromet*) AND LANGUAGE
(english) AND PUBYEAR>1969 AND NOT TITLE-ABS-KEY (mouse OR
mice OR murine OR rats OR swine). MEDLINE and EMBASE: TITLE-ABS-
KEY (rubber OR “ethylene propylene diene monomer” OR epdm OR
neoprene OR polychloroprene OR elastomer* OR “styrene butadiene” OR
polybutadiene) AND TITLE-ABS-KEY (“threshold limit values” OR
maximum allowable concentration®* OR employee* OR worker* OR
workplace* OR occupational OR (facility or facilities) OR (industry or
industries or industrial) OR manufactur®* AND TITLE-ABS-KEY (Respira-
tory Tract Diseases OR Respiratory system OR Diagnostic Techniques,
Respiratory System OR airway* Alveolar Epithelial Cells OR Macrophages,
Alveolar OR Pulmonary Alveoli OR (alveolar or alveoli) OR asthma* OR
bronchial OR bronchitis OR bronch* OR bronchiolit* adj oblit* OR thorax
OR chest OR expiratory OR fevl OR (hypersensit* adj pneumon*) OR
inhalation OR inhal* OR laryng* OR lung* OR pneumo™* OR pulmon* OR
respirat* OR spiromet* AND LANGUAGE (english) and yr="1970-
Current” AND NOT TITLE-ABS-KEY (mouse OR mice OR murine OR
rats OR swine).

b Assigned to studies that did not meet the criteria for the other categories
of strength of association.
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