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Abstract

Objectives: Occupational exposure to asbestos is associated with increased mortality which, however, has not been thor-
oughly validated in a general population. We have aimed at exploring whether this association may be confirmed within
a population-based setting after adjustment for confounders. Furthermore, the impact of tobacco consumption on the asso-
ciation between occupational exposure to asbestos and mortality is assessed. Material and Methods: We used data from 2072
(224 exposed) male participants of the Study of Health in Pomerania. Information on exposure to asbestos is based on a self-
report. Median follow-up time was 11.3 years. All-cause mortality and cause-specific mortality of exposed and non-exposed
men were compared using mortality rate ratios, Kaplan-Meier analyses and multivariable Cox regression. Results: During
the follow-up, 52 (23.2%) exposed and 320 (17.3%) non-exposed participants deceased. Exposed subjects had increased
hazard ratios (HR) for all-cause mortality (HR=1.48, 95% CI: 1.1-2), benign lung disease mortality (HR=3, 95% CI: 1.18-
7.62) and stomach cancer mortality (HR=4.59, 95% CI: 1.53-13.76). The duration of exposure (per 10 years) was associated
with all-cause (HR=1.21, 95% CI: 1.07-1.36) and benign lung disease mortality (HR=1.68, 95% CI: 1.26-2.22). Smokers
occupationally exposed to asbestos had the highest risk for all-cause (HR=3.70, 95% CI: 2.19-6.27) and cancer mortal-
ity (HR=4.56, 95% CI: 1.99-10.48) as compared to non-asbestos exposed non-smokers. Conclusion: Our results confirm
associations of occupational exposure to asbestos with all-cause, benign lung disease, and stomach cancer mortality and
underline the impact of joint effects of asbestos and smoking on mortality.
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INTRODUCTION

Though banned in many countries because of its toxic ef-
fects, an estimated number of 125 million people world-
wide are still occupationally exposed to asbestos [1].
The exposure to asbestos is not without consequence: in-
haled fibers persist to some extent in the lungs, resulting
in acute and chronic inflammation, leading to fibrosis and
malignant neoplasms [2]. Asbestos causes asbestosis and
mesothelioma as well as cancer of the lung, larynx [1,3],
and ovaries [4]. Non-population-based cohort studies ob-
served elevated all-cause mortality, benign lung disease
mortality and cancer mortality among subjects who were
occupationally exposed to asbestos [5-7]. According to es-
timates by the World Health Organization (WHO) in 2010,
more than 107 000 persons die each year from asbestos-
related lung cancer, mesothelioma and asbestosis [1].
Despite extensive research in this field, some questions re-
main unanswered. There are conflicting results on whether
asbestos may be responsible for further, extra-pulmonary
diseases. Several studies suggest that asbestos exposure
increases the risk for mortality from extra-pulmonary neo-
plasms [8-10] whereas others did not find such associa-
tions [8]. Furthermore, non-population-based cohort stud-
ies showed that the joint effects of smoking and asbestos
led to an increased risk for lung cancer mortality in smok-
ers who were occupationally exposed to asbestos [11-14].
No studies, however, have specifically investigated the im-
pact of possible joint effects between tobacco smoking and
exposure to asbestos on all-cause mortality or cancer mor-
tality in the general population.

Further limitations of previous studies include the lack of
an adequate control group and insufficient information on
potential confounders. Several previous studies [5,7,15]
used standardized mortality ratios to compare the mortal-
ity of asbestos workers with the mortality of the general
population. Since national or regional mortality registers
usually do not provide information on socioeconomic sta-
tus and smoking habits, adjusting for these confounders
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was not possible in most studies. Thus some uncertainty
remains whether the observed association between oc-
cupational exposure to asbestos and mortality may have
been substantially influenced by confounding or joint ef-
fects with cigarette smoking.

This population-based study, conducted in West Pomera-
nia, Northeast Germany, provides a well-characterized
population of asbestos exposed and non-exposed subjects,
including information on socioeconomic status and smok-
ing habits. The use of asbestos in Eastern Germany strongly
increased in the 1960’s and remained on a high level until
the German reunification in 1990. Between 1970 and 1990,
around 50 000 t of asbestos were imported annually and
subsequently processed in eastern German factories [16].
The imported asbestos consisted predominantly of chryso-
tile; amphiboles were only imported for acid protection
products [16]. Asbestos was finally banned in reunited
Germany in 1993. The continuous occupational exposure
to asbestos until 1990 predisposes the Northeast German
population for investigating the effects of occupational
exposure to asbestos on mortality in a population-based
approach.

We have aimed at exploring whether our population-
based study confirms the previously observed association
of occupational exposure to asbestos with all-cause and
specific-cause mortality. Furthermore, we have sought
to investigate if this population-based approach may add
new evidence for these associations when considering
confounding. Specifically, we have addressed the role of
smoking in the association of occupational exposure to as-
bestos with all-cause and cancer mortality.

MATERIAL AND METHODS

Study population

The Study of Health in Pomerania (SHIP) is a population-
based study in West Pomerania, aregion in the north-east of
Germany [17]. A stratified random sample from the popu-
lation aged 20-79 years old was drawn. The sample was
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selected using population registries, where all German
citizens have to be registered. Only individuals with Ger-
man citizenship and main residency in the study area were
included. The net sample (without migrated or deceased
persons) comprised 6267 eligible subjects, 4308 (68.8%)
of whom agreed to participate in the SHIP. Baseline data
was collected between October 1997 and May 2001. All
participants gave informed written consents. The study
protocol is consistent with the principles of the Declara-
tion of Helsinki and was approved by the Ethics Commit-
tee of the University of Greifswald.

Assessments

Presence and duration of occupational exposure to asbes-

tos, information on smoking habits, and socio-economic

status were assessed using standardized computer-assisted
personal interviews. Participants were asked 2 questions
regarding their occupational exposure to asbestos:

- Have you ever been exposed to asbestos in your pro-
fessional life for at least 6 months (for example when
producing or using asbestos containing textiles, brake
pads, sealing products, asbestos containing construc-
tion materials or asbestos demolition work)?

- If so, for how many years have you been exposed?

Smoking status was assessed accounting for cigarette, cigar

and pipe smoking; participants were categorized as never

smokers, former smokers, and current smokers. Former
smokers were those who agreed to have ever smoked but
denied to smoke currently. To investigate the impact of
smoking status on the association between occupational
exposure to asbestos and mortality we defined a 6-catego-
ry variable with combined information on asbestos expo-
sure and smoking status. The educational level was divid-
ed into 4 categories (< 10 years, 10-11 years, 12-14 years
or > 14 years of required education). Household income
was divided by the square root of household members to cal-
culate the equivalent household income [18]. Occupations
were coded according to the system of the International

Labour Association and converted into the International
Social Index of Occupational Status (ISEI) [19].

Height and weight were measured, and the body mass
index (BMI) was calculated (weight (kg) / height* (m?)).
Systolic and diastolic blood pressure was measured using
a digital blood pressure monitor (HEM-705CP, Omron
Corporation, Tokyo, Japan). Serum low-density lipopro-
tein (LDL) cholesterol was measured photometrically
(Hitachi 704, Roche, Mannheim, Germany). Glycated
hemoglobin (HbA, ) was measured by means of high pres-
sure liquid chromatography with photometric detection
(Diamat analyzer; BioRad, Munich, Germany).

Exclusion criteria

Since only 29 (1.3%) out of 2192 female participants had
been occupationally exposed to asbestos, we limited our
analyses to male participants. Out of the male participants
we excluded 36 subjects because assessment of occupa-
tional asbestos exposure was not possible. Furthermore,
we excluded 8 men because of missing values in confound-
ing variables. This resulted in a final study population
of 2072 men.

Mortality-follow-up

Information on vital status was collected from population
registries at annual intervals. Subjects were censored at loss
to follow-up. The period between the baseline examination
and the date of vital status collection or the date of death
was considered as follow-up length. The median time of fol-
low-up was 11.3 years (25th percentile: 10.3 years, 75th per-
centile: 11.8 years, 21.721 person-years).

Death certificates were requested from the local health
authorities and coded by a certified nosologist according
to the International Classification of Diseases, 10th revi-
sion (ICD-10). Two specialists for internal medicine in-
dependently validated the underlying cause of death and
performed a joint reading with a 3rd internist in cases
of disagreement.
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Statistical analyses

Continuous data is expressed as median and interquartile
range, and categorical data is expressed in terms of ab-
solute numbers and percent values. Participants were di-
vided into 2 groups according to the presence or absence
of former occupational asbestos exposure. Comparisons
between the 2 groups were made using Mann-Whitney’s
U-test (continuous data) and Chi? test (categorical data).
The relative risks for all-cause and specific-cause mortality
were calculated as mortality rate ratio. Excess mortality
assuming causality was calculated as mortality rate differ-
ences. Cumulative survival was calculated using Kaplan-
Meier analysis. Survival curves were compared using
the log-rank test.

We performed the multivariable Cox proportional haz-
ards regression analysis to associate exposure to asbes-
tos and duration of occupational exposure to asbestos
with mortality. The proportional hazard assumption for
the Cox regression models was checked by visual in-
spection of Schoenfeld residuals and was not violated.
Multivariable fractional polynomials were used to test
for nonlinear associations between the confounders
and mortality; the regression models were adapted in
the case of non-linearity. Hazard ratios (HR) for all-
cause mortality and specific causes of death were cal-
culated; values have been given with their 95% confi-
dence intervals (CI).

Three different regression models were applied: the 1st
one adjusted for age, the 2nd one additionally adjusted
for educational level, and the final one adjusted for age,
educational level and smoking status. We proceeded to
conduct the following sensitivity analyses: In the 1st step
we adjusted the final regression model additionally
for ISEI and household income. From this analysis we
excluded 177 men because of missing values in ISEI or
household income. In the 2nd step we replaced smoking
status in the final regression model by the estimation of
the lifetime smoking exposure:
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pack years (PY) = number of cigarettes per day/20 X

number of years of smoking

To investigate the impact of the lifetime smoking exposure
on the association between occupational exposure to asbes-
tos and mortality we defined a 6-category variable with com-
bined information on asbestos exposure and PY. From this
part of the analyses we excluded 342 males because the esti-
mation of PY was not possible: 294 former or current smok-
ers who smoked only occasionally (fewer than 1 cigarette per
day), 38 former or current smokers who smoked exclusively
cigars or pipes but did not smoke cigarettes, 10 former ciga-
rette smokers with missing values in PY.

All statistical analyses were performed using Sta-
ta 11.0 (Stata Corporation, College Station, TX, USA).
A p < 0.05 was considered statistically significant.

RESULTS

Baseline characteristics

Among the study population of 2072 men, 224 reported
a previous occupational exposure to asbestos (10.8%).
There were no significant differences in terms of age, blood
pressure, metabolic markers (LDL, HbA, ), smoking sta-
tus, and household income between the 2 groups. Educa-
tional level and occupational status were significantly lower,
lifetime smoking exposure (PY) was significantly higher,
follow-up time was significantly shorter in asbestos-exposed
men as compared to non-exposed men. Median age of
death in asbestos-exposed men was 72.3 years whereas age
of death in non-exposed men was 76.6 years (Table 1).

Mortality rate ratios and mortality rate difference
During the follow-up, 52 exposed and 320 non-exposed
subjects died from all causes (Table 2).

Men who had been occupationally exposed to asbes-
tos had significantly higher mortality rates for all-cause
mortality, stomach cancer mortality and mortality due
to malignancies of the gastrointestinal tract as compared
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Table 1. Baseline characteristics for male participants with and without occupational exposure to asbestos

Occupational exposure to asbestos

Variable yes no p
(N =224) (N =1848)

Follow-up time [years] (Me (25-75th percentile)) 11.1 (9.9-11.7) 11.3 (10.3-11.8) 0.047
Age at baseline [years] (Me (25-75th percentile)) 53.0 (40.0-62.0) 51.0 (37.0-65.0) 0.411
Age at time of death [years] (Me (25-75th percentile)) 72.3 (62.6-78.8) 76.6 (69.2-82.3) 0.006
Body mass index [kg/m?] (Me (25-75th percentile)) 27.2(25.4-30.0) 27.4 (24.8-30.0) 0.778
Blood pressure [mm Hg] (Me (25-75th percentile))

systolic 141.5 (130.0-154.0) 141.0 (129.0-153.0) 0.588

diastolic 85.8 (80.3-93.8) 85.0 (78.0-93.0) 0.182
HbA, [%] (Me (25-75th percentile)) 54 (5.0-5.9) 54 (5.0-5.9) 0.342
LDL [mmol/l] (Me (25-75th percentile)) 3.6 (2.7-4.3) 3.6(2.9423) 0.840
Smoking status [n (%)]

never smokers 35.0 (15.6) 359.0 (19.4)

former smokers 106.0 (47.3) 840.0 (45.5) 0.390

current smokers 83.0(37.1) 649.0 (35.1)
Pack years® (Me (25-75th percentile)) 16.5 (5.4-31.0) 11.7 (1.5-26.0) 0.001
Educational level [n (%)]

< 9years 18.0 (8.0) 115.0(6.2)

10-11 years 95.0 (42.4) 656.0 (35.5) 0.001

12-14 years 89.0 (39.7) 680.0 (36.8)

= 15 years 22.0(9.8) 397.0 (21.5)
Equivalent household income® [euro] (Me (25-75th 949.0 (677.9-1 175.0) 959.4 (677.9-1 342.1) 0.082

percentile))
International Socio-Economic Index of Occupational 35.0 (31.0-41.0) 39.0 (32.0-57.0) < 0.001

Status (ISEI) (Me (25-75th percentile))

Me - median; HbA, - glycated hemoglobin; LDL - low density lipoprotein.

“Pack years — the number of cigarettes per day / 20 X number of years of smoking.

®Income (euro) / v the number of household members.

¢ Chi*test (nominal data) or Mann-Whitney U-test (interval data) were performed.

to non-exposed men. We observed no cases of death due
to asbestosis or malignancies of the small intestine in
the entire study population and no cases of death due to
cancer of the larynx or cancer of the esophagus in asbestos
exposed subjects. We observed 1 case of death due to me-
sothelioma in a man without self-reported occupational
exposure to asbestos. Mortality rate differences represent-
ing excess mortality are presented in the Table 3.

Multivariable Cox regression analyses

The following results refer to the final model (adjusted for
age, smoking status and educational level). Compared to
men who were not occupationally exposed to asbestos, ex-
posed subjects showed significantly increased risk for all-
cause mortality, benign lung disease mortality, mortality
due to malignancies of the gastrointestinal tract in gen-
eral and stomach cancer mortality in particular (Table 4).
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Table 2. Mortality rate ratio for subjects with/without occupational exposure to asbestos

Cause of death

Measuring unit

Total

Diseases of the circulatory
system (100-199)

Benign lung disease
(JO0-J99)

asbestosis (J61, J92)

Malignant neoplasm
(C00-C99)

malignant neoplasm
of the respiratory system
(C30-C34)

lung cancer (C34)
larynx cancer (C32)

Mesothelioma (C45)

Malignant neoplasm
of digestive organs
(C15-C27)

malignant neoplasm of the

digestive tract (C15-C21)

stomach cancer (C16)

colorectal cancer
(C18-C20)

cumulative survival time [years]
deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

deceased
mortality rate (per 1000 person years)

Mortality ratio
Exposure to asbestos [RR (95% CI)]
yes no . .
(N = 224) (N = 1848) crude age adjusted
22551 19466.7
520 320.0
231 164 1.40(1.03-1.89)* 1.55(1.17-2.06)*
10.0 110.0
44 56 0.79(037-1.50)  0.92(0.48-1.74)
6.0 20.0
2.7 1.0 259(0.85-6.69)  3.31(1.33-8.20)*
0.0 0.0
19.0 117.0
8.4 6.0 1.40(0.81-2.29)  1.51(0.93-2.45)
7.0 31.0
3.1 L6 195(0.72-451)  2.11(0.93-4.80)
7.0 28.0
3.1 14 216(0.80-5.06)  2.32(1.01-5.33)*
0.0 3.0
0.0 0.2
0.0 1.0
0.0 0.1
9.0 46.0
4.0 24 1.69(0.73-349)  1.79 (0.88-3.65)
8.0 27.0
3.5 14 256 (1.00-5.79)* 2.68 (1.23-5.85)*
5.0 10.0
22 05  4.32(1.16-13.86)* 4.49 (1.54-13.08)*
3.0 14.0
13 0.7  1.85(0.34-6.63)  1.97(0.59-6.62)

RR - rate ratio; CI - confidence interval.
1 Based on Poisson regression models adjusted for age.

*p < 0.05.

854

We observed no significant association of occupational
exposure to asbestos with total cancer mortality or lung
cancer mortality. Occupational exposure to asbestos was
not associated with cardiovascular mortality.

[JOMEH 2015;28(5)

Duration of exposure

Duration of occupational exposure to asbestos was as-
sociated with a significantly increased risk for all-cause
mortality and benign lung disease mortality (Table 4).
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Table 3. Mortality rate differences of expected deaths based on crude mortality rates of participants
without occupational exposure to asbestos vs. occurred deaths in participants with occupational exposure to asbestos

Disihs Mortality rate difference
Cause of death
expected occurred in total per 1000 person

years

Total 37.0 52 15.0 6.7
Diseases of the circulatory system 12.6 10 -2.6 -1.2
Benign lung disease 23 6 3.7 1.7
Malignant neoplasm 135 19 55 24
Malignant neoplasm of the respiratory system 3.6 7 34 L5
Lung cancer 32 7 38 1.7
Larynx cancer 0.5 0 -0.5 -0.2
Mesothelioma 0.2 0 0.2 0.1
Malignant neoplasm of digestive organs 54 9 3.6 1.6
Malignant neoplasm of the digestive tract 32 8 4.8 2.1
Stomach cancer 1.1 5 39 1.7
Colorectal cancer 1.6 3 14 0.6

Additionally we observed a borderline significant associa-
tion between duration of exposure and lung cancer mor-
tality. Duration of exposure was not significantly associ-
ated with other mortality causes.

We repeated all multivariable analyses additionally adjusted
for ISEI and income. Finally, we performed all multivariable
analyses adjusting for PY instead of smoking status. These

sensitivity analyses did not change the results substantially.

Table 4. Hazard ratios for participants with/without occupational exposure to asbestos and for duration

of occupational exposure to asbestos

Cause of death Exposure Model 1 Model 2 Model 3
. post [HR (95% CI)] [HR (95% CI)] [HR (95% CI)]
Total yes/no 1.58 (1.18-2.12)*  1.52(1.13-2.05)*  1.48 (1.10-2.00)*
duration of exposure (per 10 years) — 1.24 (1.10-1.39)*  1.22 (1.08-1.38)*  1.21(1.07-1.36)*
Diseases of the circulatory ~ yes/no 0.94 (0.49-1.80) 0.92 (0.47-1.75)  0.90 (0.47-1.73)
system (ICD 100-199) duration of exposure (per 10 years)  0.97 (0.72-1.31) 0.96 (0.71-1.31)  0.96 (0.70-1.30)
Benign lung diseases yes/no 3.46 (1.38-8.67)*  3.03(1.20-7.68)*  3.00 (1.18-7.62)*
(ICD J00-7J99) duration of exposure (per 10years) ~ 1.82(1.38-2.40)*  1.70 (1.28-2.26)*  1.68 (1.26-2.22)*
Malignant neoplasm yes/no 1.45 (0.89-2.35) 1.39 (0.85-2.27) 1.31 (0.80-2.14)
(ICD C00-C99) duration of exposure (per 10 years)  1.15(0.93-1.42) 1.14 (0.92-1.40) 1.12 (0.90-1.38)
respiratory neoplasm yes/no 2.00 (0.88-4.57) 1.72 (0.75-3.94) 1.42 (0.62-3.29)
(C30-C34) duration of exposure (per 10years) 140 (1.05-1.86)*  1.35(1.02-1.82)*  1.30(0.97-1.74)
lung cancer yes/no 2.17(0.94-4.99) 1.83(0.79-4.21)  1.49(0.64-3.47)
(ICD C34) duration of exposure (per 10years) 143 (1.07-1.90)*  1.38(1.03-1.84)*  1.32(0.98-1.78)

[JOMEH 2015;28(5)
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Table 4. Hazard ratios for participants with/without occupational exposure to asbestos and for duration
of occupational exposure to asbestos — cont.

Model 1 Model 2 Model 3

Cause of death Exposure [HR (95% CI)]  [HR(%5%CI)]  [HR (95% C)
Neoplasm of digestive organ  yes/no 1.70 (0.83-3.49) 1.70 (0.83-3.50) 1.63 (0.79-3.37)
(C15-C27) duration of exposure (per 10 years)  1.03 (0.70-1.51) 1.03 (0.70-1.51) 1.01 (0.69-1.50)
neoplasm of the digestive  yes/no 2.56 (1.16-5.65)*  2.69 (1.20-6.00)*  2.65 (1.19-5.95)*
tract (C15-C21) duration of exposure (per 10 years)  1.13 (0.73-1.73) 1.16 (0.75-1.79) 1.16 (0.75-1.79)
stomach cancer yes/no 447 (1.52-13.11)*  4.61 (1.54-13.77)*  4.59 (1.53-13.76)*
(ICD C16) duration of exposure (per 10 years) 137 (0.82-2.29) 1.37 (0.81-2.30) 1.36 (0.81-2.28)
colorectal cancer yes/no 1.97 (0.56-6.88) 2.24 (0.63-8.00)  2.32(0.65-8.34)
(C18-C20) duration of exposure (per 10 years)  0.99 (0.46-2.14) 1.09 (0.50-2.37) 1.09 (0.50-2.41)

ICD - International Statistical Classification of Diseases and Related Health Problems.

Cox proportional hazards analysis: model 1 - adjusted for age; model 2 - adjusted for age, educational level; model 3 - adjusted for age, educational
level and smoking status.

HR - hazard ratio; CI - confidence interval.

*p < 0.05.

Table 5. Joint effects of smoking status and occupational asbestos exposure

Mortality
Participant [HR (95% CI)]
total cancer
No asbestos, never smoker (N = 359) 1.00 (reference) 1.00 (reference)
Asbestos, never smoker (N = 35) 0.89 (0.27-2.87) 0.90 (0.12-6.86)
No asbestos, former smoker (N = 840) 1.14 (0.81-1.60) 1.18 (0.65-2.16)
Asbestos, former smoker (N = 106) 1.66 (1.01-2.70)* 1.44 (0.60-3.49)
No asbestos, current smoker (N = 649) 2.21(1.52-3.21)* 3.08 (1.65-5.74)*
Asbestos, current smoker (N = 83) 3.70 (2.19-6.27)* 4.56 (1.99-10.48)*
Cox proportional hazards analysis, model adjusted for age and educational level.
Cancer mortality refers to mortality due to malignant neoplasm (ICD C00-C99).
Abbreviations as in Table 2 and 4.
*p < 0.05.
Table 6. Joint effects between lifetime smoking exposure (pack years) and occupational asbestos exposure
Mortality
Participants [HR (95% CI)]
total cancer
No asbestos, never smoker (N = 359) 1.00 (reference) 1.00 (reference)
Asbestos, never smoker (N = 35) 0.86 (0.27-2.79) 0.87 (0.11-6.65)

[JOMEH 2015;28(5)
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Table 6. Joint effects between lifetime smoking exposure (pack years) and occupational asbestos exposure — cont.

Participants

Mortality
[HR (95% CI)]

total

cancer

No asbestos, smoker
<20PY (N = 633)
=20 PY (N = 550)

Asbestos, smoker
<20PY (N = 66)
= 20PY (N =87)

0.92 (0.62-1.37)
175 (1.23-2.48)*

154 (0.77-3.09)
295 (1.85-4.72)*

0.99 (0.50-1.99)
234 (1.29-4.23)*

1.44 (0.40-5.08)
331 (153-7.17)*

PY - pack year.
Other abbreviations as in Table 2 and 4.
*p <0.05.

Cox proportional hazards analysis, model adjusted for age and educational level.
Cancer mortality refers to mortality due to malignant neoplasm (ICD C00-C99).

a)
031
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03 1
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Fig. 1. Impact of the joint effects of occupational exposure
to asbestos and smoking status on a) all-cause mortality and
b) on cancer mortality

The role of smoking

The Cox regression model, adjusted for age and educa-
tional level, did not show an increased risk for all-cause
or cancer mortality in asbestos-exposed never smokers as
compared to never smokers without asbestos exposure
(Table 5, Figure 1). Participants who were current smokers
at baseline had a significantly increased risk for all-cause
and cancer mortality. The effect sizes were stronger in cur-
rent smokers who were additionally exposed to asbestos
as compared to current smokers who were not exposed
to asbestos. Former smokers who were occupationally ex-
posed to asbestos also had a significantly increased risk for
all-cause mortality whereas non-exposed former smokers
had no significantly increased risk for all-cause mortality.
Results of the sensitivity analyses using categories of life-
time smoking exposure instead of smoking status did not
change the results substantially (Table 6).

DISCUSSION

Our study demonstrates that former occupational expo-
sure to asbestos affects mortality risks and causes of death
in the general population of West Pomerania. Overall, our
results regarding all-cause and specific-cause mortality
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support findings from previously conducted non-popula-
tion-based cohort studies. Deaths from benign lung dis-
eases, lung cancer and stomach cancer seem to contribute
most notably to excess mortality in participants with oc-
cupational exposure to asbestos. Tobacco consumption in-
creases the mortality risk in men who were occupationally
exposed to asbestos.

All-cause mortality and respiratory mortality

As in SHIP, significantly increased risks for all-cause
mortality [6,9,20,21] and benign lung disease mortal-
ity [7,22,23] had previously been observed. The significant
association of the duration of occupational exposure to
asbestos with all-cause mortality and benign lung disease
mortality, respectively, underline the validity of our find-
ings. Although we did not observe a statistically significant
association between occupational exposure to asbestos
and mortality from all cancers or lung cancer, in particular
we observed positive non-significant trends that were in
line with previous findings [9,15,21,23]. A borderline sig-
nificant association of the duration of occupational expo-
sure to asbestos with lung cancer mortality may support
the assumption of causality between exposure to asbestos
dust and lung cancer.

We did not observe any cases of death from mesothe-
lioma or asbestosis among men occupationally exposed
to asbestos. This is within the expected range since less
than 1 case of death from mesothelioma or asbestosis
was expected when considering the incidence of both dis-
eases in Germany [24,25]. However, we observed 1 case
of mesothelioma in a man without self-reported occupa-
tional exposure to asbestos whose working history (musi-
cian) does not suggest exposure to asbestos dust in his
professional life. This may be a random finding, since
more than 25% of mesothelioma in German men occur
in the absence of occupational exposure to asbestos and
may have been attributed to asbestos exposure in leisure
time [26].

[JOMEH 2015;28(5)

Mortality due to gastrointestinal malignancies

We observed significantly elevated mortality due to ma-
lignancies of the gastrointestinal tract in general and
stomach cancer in particular among asbestos-exposed
subjects as compared to non-exposed subjects. Al-
though the missing association of duration of occupa-
tional exposure to asbestos with mortality from gastro-
intestinal malignancies and the relatively small number
of cases limit the validity of this finding, an association
of occupational exposure to asbestos with gastrointesti-
nal malignancies is plausible.

Inhaled asbestos fibers are partly transported out of
the lungs by mucociliary clearance and subsequently
swallowed [2]. In addition, an inadvertent, direct inges-
tion of asbestos fibers is possible [8]. In vitro and in vivo
studies showed that asbestos fibers penetrated and in-
teracted not only with the mucosal cells of the pulmo-
nary system but also with the mucosal cells of the gas-
trointestinal tract [27].

However, evidence regarding the carcinogenic potency of
asbestos in the gastrointestinal tract as well as evidence
regarding increased mortality from gastrointestinal ma-
lignancies in asbestos exposed subjects is limited and in-
consistent [8]. Associations of occupational exposure to
asbestos with increased mortality risk due to esophageal
cancer [28], cancer of the small intestine [28] or cancer of
the large intestine [29] have only been detected in single
cohort studies. Increased mortality from stomach cancer
in asbestos exposed subjects has previously been observed
in several cohort studies [9,30-32].

The role of smoking

There are no previous studies investigating the impact
of joint effects between occupational exposure to asbes-
tos and smoking on all-cause or all-cancer mortality in
the general population.

In our study, asbestos-exposed men who were active
smokers at baseline showed the highest all-cause and
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all-cancer mortality. In contrast to active smokers without
and former smokers with occupational exposure to as-
bestos who had significantly elevated all-cause mortality,
former smokers without occupational exposure to asbes-
tos had only a slightly, non-significantly elevated mortal-
ity risk. We did not observe increased mortality among
asbestos-exposed never-smokers but since this group only
comprised 35 men an association could have been left un-
detected due to low statistical power.

Overall, these results indicate that the association of occu-
pational exposure to asbestos with all-cause and all-cancer
mortality is strongly influenced by smoking status at base-
line. Results of the sensitivity analyses using categories of
lifetime smoking exposure instead of smoking status un-
derline the impact of joint effects between smoking and
asbestos on mortality risk and the importance of smoking
prevention in persons with a history of occupational expo-
sure to asbestos.

Latency period of asbestos-related diseases

Latency of asbestos related diseases is reported to range
between 15 and more than 40 years after the 1st expo-
sure [24,33,34]. Starting between 1997 and 2001 and end-
ing in 2012 our follow-up was conducted in the midst of
the epidemic of asbestos related diseases in Germany,
which was provoked by excessive use of asbestos be-
tween 1955 and 1980 (West Germany) e.g., 1965-1990
(East Germany) [35]. The peak of asbestos related dis-
eases in Germany is expected within the next years and
future follow-up analyses of this cohort will hopeful-
ly give more insight into the association of occupation-
al exposure to asbestos and mortality causes; especial-
ly malignancies of the airways and the gastrointesti-
nal tract.

Unfortunately, we do not have information on the age at
the 1st exposure and thus could not gain specific infor-
mation on the latency period of asbestos related diseases
in our study sample.

Methodological strengths and weaknesses

A distinct advantage of a population-based cohort design
in general and this study in particular serves the possibil-
ity to assess detailed information on potential confounders
including socioeconomic factors and smoking - for both
asbestos exposed and non-exposed subjects. Our analyses
revealed that the adjustment for the selected confound-
ers reduced the observed effects of occupational exposure
to asbestos on mortality but did not completely explain
the association.

Notwithstanding the strengths of our study, the following
drawbacks have to be taken into account when interpret-
ing the presented results. First, although occupational ex-
posure to asbestos was not a rare condition in Northeast
Germany, the fraction of exposed men was clearly smaller
as compared to the fraction of non-exposed men, which
limited the statistical power. Second, the validity of find-
ings on cause-specific mortality is limited by the small
numbers of deceased men in each category. Third, we did
not have sufficient information to investigate the impact
of a possible healthy worker effect on the outcomes.
Fourth, the information on smoking describes smok-
ing status and lifetime smoking exposure at the time
of the baseline examination. Since no information on
smoking habits during the time of occupational expo-
sure to asbestos was available for this analysis, an analy-
sis of time-sequence was not possible. Fifth, we did not
have information on the exact circumstances of occupa-
tional exposure to asbestos, for example, the industry,
within the framework of which the exposure took place,
or the use of protective measures; therefore assessment
of fiber years was not possible. The cumulative dura-
tion of exposure may only represent a rough estimate
of the lifetime accumulated exposure. Additionally we
have no information on the type of asbestos the partici-
pants of this study were exposed to. Although the pre-
dominant part of asbestos used in East Germany was
chrysotile asbestos and amphiboles were hardly used in
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East Germany, some participants might have been ex-
posed to amphiboles that might be responsible for some
of the observed effects.

Sixth, the information on occupational exposure to asbes-
tos was based on a self-report, which may have given rise
to misclassification bias as a person might not have been
aware of his or her exposure. It was not possible to inves-
tigate the extent of possible misclassification since 75% of
the persons registered by the German Democratic Re-
public (GDR) authorities as “occupationally exposed to
asbestos” did not agree to undergo voluntary, centrally
organized medical examinations after the German reunifi-
cation. These persons have not been further followed up;
information on vital status, residency or morbidity is not
available.

In this context we would like to report that the self-
reported exposure to asbestos in our study was 5.9%
(10.8% in men), which is higher than expected when con-
sidering data on exposure provided by Eastern German
authorities in 1990. At this time, around 122 000 per-
sons (0.8% of the East-German population older than 16)
were registered as “occupationally exposed to asbes-
tos” [36]. When considering the fact that asbestos inten-
sive construction and shipping industry were the most
notable industries of the study area, the extent of expo-
sure reported by the volunteers of our study seems to be
plausible.

Finally, we would like to emphasize that this study only
considers exposure to asbestos dusts that took place in
the regular working environment. We did not have in-
formation on environmental exposure to asbestos dusts
or exposure that arose during leisure time when con-
ducting “do it yourself activities” like repairing houses
and boats or constructing sheds using asbestos contain-
ing materials. This means that this study only considers
exposure to asbestos dust that took place in the regular
working environment and most likely underestimates
the effects of asbestos dust on mortality in general.

[JOMEH 2015;28(5)

CONCLUSIONS

This population-based cohort study does confirm sig-
nificantly increased risks for all-cause mortality and
benign lung disease mortality in men occupationally ex-
posed to asbestos. The increased mortality due to gas-
trointestinal cancers in general and stomach cancer in
particular may indicate that the carcinogenic potency
of asbestos is not limited to the airways and mesothe-
lium. Tobacco consumption significantly contributes to
the association between occupational exposure to as-
bestos and mortality.
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