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Objectives The study demonstrates the application of a hierarchical Bayesian meta-analysis of epidemiologic
studies that show an association between pancreatic cancer risk and job titles, using a job-exposure matrix to
estimate risks for occupational exposure agents.

Methods Altogether 261 studies published from 1969 through 1998 on pancreatic cancer and job titles were
identified. When proportional studies were excluded, 77 studies were informative for 9 selected occupational
agents. These studies included more than 3799 observed pancreatic cancer cases. Hierarchical Bayesian models
were used for job titles (lower-level data) and agents (higher-level data), the latter from a Finnish job-exposure
matrix. Non-Bayesian random effects models were applied for job titles to check consistency with the Bayesian
results.

Results The results suggest that occupational exposures to chlorinated hydrocarbon compounds may increase
the risk of pancreatic cancer; the meta-relative risk (MRR) was 2.21 [95% credible interval (Crl) 1.31-3.68]. A
suggestive weak excess was found for exposure to insecticides (MRR 1.95, 95% Crl 0.51-7.41).

Conclusions Hierarchical models are applicable in meta-analyses when studies addressing the agent(s) under
study are lacking or are very few, but several studies address job titles with potential exposure to these agents.
Hierarchical meta-analytic models involving durations and intensities of exposure to occupational agents from
a job-exposure matrix should be developed.

Key terms hierarchical method; job-exposure matrix, job title; Markov chain Monte Carlo simulation; occu-

pational exposure; pancreatic neoplasms.

Pancreatic cancer is a highly fatal malignancy whose
etiology is mostly unknown. An estimated 216 000 new
cases of pancreatic cancer occurred globally in 2000 (1),
and it represents the fifth leading cause of cancer deaths
in developed countries. The only established common
risk factors of pancreatic cancer are tobacco smoking
and type II diabetes mellitus (2—4). Results of epide-
miologic studies that have linked industries and jobs
with excess pancreatic cancer are heterogeneous and
inconsistent, and exposures shared by high-risk jobs are
hard to identify (5-9). Most of the occupational chemi-
cal agents that have been found to be associated with an
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excess risk of pancreatic cancer in epidemiologic studies
emerged in one study only. A previous meta-analysis
(10) of studies of occupational agents found significant
excesses for chlorinated hydrocarbon solvents and nickel
and nickel compounds. After the collection of data for
this meta-analysis was finished (May 1998), Kernan et
al (7) and Hoppin et al (11) reported significant excesses
for chlorinated hydrocarbon solvents, and Weiderpass et
al (12) reported significant excesses for nickel and nickel
compounds. Other occupational agents with reported
excess risks of pancreatic cancer in at least two epide-
miologic studies are asbestos, chromium and chromium
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compounds, ionizing radiation, low-frequency electro-
magnetic fields, pesticides, and polycyclic aromatic
hydrocarbons.

McElvenny et al (13) reviewed meta-analyses of
occupational epidemiology in general. They identified
66 papers from 1975 to October 2001. Only one study
used Bayesian methods (14). Our literature search from
PubMed for the period October 2001 to December 2005
did not identify a single Bayesian meta-analysis of oc-
cupational epidemiology.

Biggerstaff et al (14) compared classical and Bayes-
ian meta-analyses in studies of lung cancer and passive
smoking in the workplace. Tweedie et al (15) applied
Bayesian models to a meta-analysis of environmental
tobacco smoking and lung cancer studies for nonsmok-
ing women both in the workplace and at home. Wraith
& Mengersen (16) recently published a hierarchical
Bayesian meta-analysis of lung cancer and interaction
with asbestos and smoking.

Job-exposure matrices were developed to translate
job titles into occupational agents. They have been ap-
plied in several occupational studies based on individual
data, especially if exposure assessment at the individual
level was not available. Kauppinen et al (17) applied a
British job-exposure matrix (18) in a Finnish case—con-
trol study of pancreatic cancer. Alguacil et al (19) used
a Finnish job-exposure matrix (FINJEM) (20), which
provides estimates for prevalence, intensity, and their
combination, in a Spanish case—control study of pan-
creatic cancer. Kogevinas et al (21) used FINJEM and
combined 11 European case—control studies of bladder
cancer. Gilks & Richardson (22) applied a job-exposure
matrix and hierarchical Bayesian methods to individual
job title data using logistic regression models. Their re-
sults from three models, two logistic regression models
and one Bayesian logistic regression model, suggested
that Bayesian models may overestimate the results,
although, on the average, ecological or aggregated bias
weakens the relative risks.

Hierarchical models in a meta-analysis allow for the
estimation of both the parameters of the individual stud-
ies at the first level and aggregated parameters at higher
levels. Witte et al (23-25) applied semi-Bayesian hierar-
chical regression models in a study of dietary exposures
and breast cancer to case—control data. In an analogous
manner, we applied hierarchical Bayesian methods in
a meta-analysis for job titles and pancreatic cancer on
the basis of studies that addressed job titles only. The
second-level agent data were provided by a job-exposure
matrix. We wanted to examine how Bayesian models
perform in a meta-analytic setting when compared
with conventional methods, using hierarchical data and
hierarchical models. We also attempted to evaluate the
feasibility of the use of job-exposure matrices in meta-
analyses.
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Material and methods

We searched cohort, linkage, proportional, and case—
control studies in any language with data on job titles,
occupational exposures, and pancreatic cancer in Med-
line, Toxline, and Cancerlit databases for the period
January 1969 — May 1998. Reference lists of the identi-
fied studies provided additional studies.

Of the 1902 studies identified, 373 remained after
the exclusion of studies that did not report on pan-
creatic cancer or provide data for any job title or oc-
cupational agent, reviews, reports earlier than the most
recent update, studies with insufficient data for the
meta-analysis or with data contained in another study
that was included, and studies on job—agent categories
too broad or outside our list of job titles or agents. Of
the 373 selected studies, 112 were agent-specific studies
that provided risk estimates directly for one or several of
25 chemical or physical workplace agents. Meta results
for these studies have been reported elsewhere (10).
This paper was based on the rest of the 261 job-title
studies that did not provide direct agent data. The list
of job titles covered 150 entries in the Finnish social
status categories 3, 4, and 5. The upper categories 1 and
2 were excluded from the analyses because of minimal
Or N0 exposures.

Standardized data extraction forms covered the char-
acteristics of the study (publication year, country, study
type, case definition, source of cases, reference popula-
tion, selection of control participants, follow-up period,
loss to follow-up, response rates, sources of exposure or
job data, time reference for exposure or job, risk mea-
sure, cohort admission, lag periods, exposure-response,
job title coding applied), risk estimates, and numbers of
exposed cases. Using the standard form, five epidemi-
ologists extracted relevant estimates of relative risk and
the aforementioned items. The most unbiased relative
risk estimates were sought. Thus estimates adjusted for
social class were preferred over those not adjusted for
social class. Estimates adjusted for at least known risk
factors for pancreatic cancer (age, gender, diabetes mel-
litus, tobacco smoking) and those closest to a 20-year la-
tency period were chosen, if available. When confidence
intervals were not provided, they were recovered using
Byar’s approximation (26) for cohort data and using the
variance of the log of the odds ratio for case—control
data. Two authors double checked all of the extraction
forms and corrected for any inconsistencies.

After the studies that were not informative with re-
spect to the nine selected occupational agents, as based
on the FINJEM and proportional studies because of poor
quality were excluded from 261 job title studies, 77
studies (27-103) remained, including 27 job titles and
more than 3799 pancreatic cancer cases. The nine se-
lected agents represented those with meta-relative risks



for pancreatic cancer exceeding 1.1 in a previous meta-
analysis (10). They were aliphatic and alicyclic hydro-
carbon solvents, chlorinated hydrocarbon compounds,
chromium and chromium compounds, fungicides, in-
secticides, nickel and nickel compounds, polycyclic
aromatic hydrocarbons, silica dust, and wood dust. Of
the 77 studies, 52 were cohort studies representing 67
risk estimates, 19 were record-linkage studies that were
entirely based on linkage with extraneous databases on
job titles and occupations (eg, census) and on outcomes
(eg, death records) representing 69 risk estimates, and 6
were case—control studies representing 15 risk estimates
(table 1).

The data for most of the risk estimates came from
northern Europe (N=56), closely followed by North
America (N=48), and less closely by western (N=17),
southern (N=14) and central Europe (N=8), Asia (N=3),
Oceania (N=3) and mixed western Europe and North
America (N=2). There were no studies from eastern
Europe, Central or South America, the Caribbean, or
Africa. The annual number of studies increased con-
siderably during 1969-1998 (7 risk estimates during
1969-1979, 40 risk estimates during 1980-1989, and
104 risk estimates during 1990-1998). More than three-
fourths of the populations were male. Most of the studies
addressed mortality, death records usually providing the
diagnosis.

At the higher level of data, a FINJEM provided
proportions of exposed workers during the period 1960-
1985 for the selected nine occupational agents in 27 job
titles. Because the proportions exposed to chromium
and chromium compounds and nickel and nickel com-
pounds were nearly identical, we used their means in the
hierarchical Bayesian models (table 2). To reduce mis-
classification and ecological bias, a 20% proportion of
exposed workers was used as the cutpoint for exposure
(104). The exposure assessment period 1960-1985 was
selected on the assumption that most of the workers had
been exposed during this period.

In the hierarchical Bayesian models, we included
the following five dichotomized covariates: study type
(case—control versus cohort), publication year (cutpoint
1990), diagnosis of pancreatic cancer (histological ver-
sus others), country (Denmark, Finland, Norway and
Sweden versus others), and time reference for job title
(longitudinal versus others).

Statistical methods

The DerSimonian and Laird random effects model (105)
for a meta-analysis without covariates was applied to
each of the 27 job titles to compare estimates of job titles
with those of a hierarchical Bayesian meta-analysis. A
¥ test of heterogeneity was performed for each job title.
Both Begg’s adjusted rank correlation test (106) and
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Egger’s regression asymmetry test (107) were performed
to formally test for publication bias.

In the hierarchical Bayesian meta-analyses, we cal-
culated both the aggregated estimates of occupational
agents using job title estimates from each study and
the aggregated estimates for the job titles themselves.
We used Bayesian models for job titles (lower level,
study data) and agents (higher-level FINJEM data). This
model is semi-ecological in the sense that the outcome
data from the studies were based on individual data,
while the agents were assessed at the job title—agent
levels (108, 109).

Table 1. Characteristics of the pancreatic cancer studies and the
risk estimates included according to job titles. (C-C = case—control
study, COH = cohort study, R-L = record-linkage study, OR = odds
ratio, SIR = standardized incidence ratio, SMR = standardized
mortality ratio, RR = rate ratio)

Job title® Numberand  Number of risk
type of studies estimates
included included

Asphalt workers (27-29) 2CO0H,1R-L 3SIR

Bench carpenters (28) 1 COH 1 SMR

Bricklayers (27, 28, 30, 31) 1COH,3R-L 2SIR,1SMR,1RR
Cabinetmakers (31, 32) 1COH, 1R-L 1SMR,1RR
Cement workers (28, 34) 2 COH 2 SIR

Concrete shutters (28, 34) 2R-L 1 SIR, 1 SMR

Construction carpenters 2COH,2R-L 2SIR,1SMR, 1RR
(27,28, 31, 32)

Construction workers (28, 35-37) 2 C-C, 1 COH, 2 OR,2SIR, 1 RR

1R-L

Electric machine operators (31, 38) 2 R-L 1SIR, 1 RR

Farmers (28, 31, 36, 37, 39-49) 4 C-C, 3 COH, 60R,9SIR, 4 SMR,
8 R-L 2 RR

Fitters and assemblers (28) 1R-L 1 SIR

5COH,1R-L 18IR, 7 SMR
3COH,4R-L 3SIR,4SMR, 1RR

Foundry workers (50-55)

Laundry and dry cleaning workers
(28, 31, 34, 56-59)

Machine and engine mechanics 1C-C,1COH, 10R.2SMR.2RR
(31, 47, 50, 60, 61) 3R-L

Metal plating workers 1C-C,2COH, 10R,1SIR,2

(28, 31, 35, 36, 62, 63) 3R-L SMRs, 2 RR

Metal smelting furnacemen
(28, 35, 50, 64-77)
Miners (28, 31, 35, 78-89)

15 COH, 2 R-L 6 SIR, 9 SMR, 2 RR,
12 COH, 3 R-L 1 SIR, 12 SMR,
2 RR

Painters (27, 28, 30, 31, 1C-C,2COH, 10R, 4SIR, 4 SMR,

34,50, 90-92) 6 R-L 1RR

Plywood and fiberboard workers 1CO0H,1R-L 1SIR,1SMR

(28, 93)

Printers and pressmen 1C-C, 4 COH, 10R,5SIR, 4 SMR,
(28, 30, 31, 35, 37, 94-98) 5R-L 2RR

Sawyers (52, 99) 1COH, 1R-L 1SIR,1SMR
Sheet metal workers (27,28,31) 1 COH,2R-L 2 SIR, 1 RR
Smiths (31) 1R-L 1RR

Stone cutters (27) 1 COH 1SIR

Timbermen and lumbermen (28, 36) 1 C-C, 1 R-L 1 0R, 1 SIR
Turners and toolmakers (28, 31, 1COH, 3R-L 1SIR,2SMR,1RR

50, 100)
Wood working machine operators 2 C-C, 4 COH, 2 OR, 2 SIR, 3 SMR,
(28, 34, 35, 37, 93, 101-103) 2R-L 1RR

2 The reference numbers pertaining to the job title studies are given in
parentheses.
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Table 2. Part of a job-exposure matrix [the Finnish job-exposure matrix (20)] used in hierarchical Bayesian models 1 and 2.

Job title Proportion exposed to chemical agent
Aliphatic Chlorinated ~ Fungicides Insecticides Nickel, Polycyclic Silica Wood
and alicyclic hydro- chromium aromatic dust dust
hydrocarbon carbon and nickel hydro-
solvents compounds and chromium  carbons
compounds
Construction carpenters —2 - - - - - 0.76 1
Electric machine operators - - - - - - 0.29 -
Farmers - - 0.25 - - - - -
Fitters and assemblers - - - - 0.42 - - -
Foundry workers - - - - 0.25 - 0.44 -
Laundry and dry cleaning workers - 0.39 - - - - - -
Machine and engine mechanics - - - - 0.33 1 - -
Metal plating workers - 0.92 - - 0.46 - - -
Metal smelting furnacemen - - - - 0.41 1 1 -
Painters 0.98 - - - - - - -
Plywood and fiberboard workers - - 0.33 0.33 - - - 0.66
Printers and pressmen 0.33 0.20 - - - - - -
Sawyers - - 0.45 - - - - 1
Sheet metal workers - - - - 0.38 - - -
Stone cutters - - - - - - 0.87 -
Timbermen and lumbermen - - - - - - - 0.56

2 Proportion exposed to agent is zero.

Table 3. Results of risk estimates for laundry and dry cleaning workers and metal-plating workers. [NEC = number of exposed cases, RR
= observed relative risk, 95% Cl = confidence interval, RR,; = posterior relative risk of hierarchical Bayesian (HB) model 1, Crl = credible
interval, RR,, = posterior relative risk of hierarchical Bayesian model 2].

Job title Exposed RR 95% Cl Observed risk estimates Posterior risk estimates
workers
N) RRusi  95%Crl RRu,  95% Crl

Laundry and dry cleaning workers
Pukkala, 1995 (28) 6 1.1 0.41.2.42 1.41 0.91-2.17 1.40 1.00-1.95
Pukkala, 1995 (31) 1 1.10 0.01-6.12 1.43 0.88-1.43 1.41 0.99-2.01
Norell et al, 1986 (34) 16 1.0 0.6-1.5 1.21 0.86-1.70 1.27 0.94-1.69
Lynge & Thygesen, 1990 (56)2 13 1.40 0.74-2.39 1.29 0.88-1.88 1.24 0.91-1.69
Lynge & Thygesen, 1990 (56)° 9 2.37 1.08-4.50 1.46 0.97-2.20 1.31 0.96-1.84
Ruder et al, 1994 (57) 12 2.03 1.1-3.5 1.60 1.09-2.36 1.49 1.09-2.06
Blair et al, 1990 (58) 15 1.2 0.7-1.9 1.34 0.93-1.90 1.36 1.01-1.82
Brown & Kaplan, 1987 (59) 1 1.72 0.86-3.10 1.66 1.11-2.46 1.63 1.19-2.23
Aggregated risk estimates 1.42 1.05-1.93 1.40 1.12-1.75

Metal-plating workers
Pukkala, 1995 (28) 12 3.54 1.83-6.19 2.41 1.20-3.89 2.35 1.53-3.65
Pukkala, 1995 (31) 1 1.2 0.02-6.68 1.95 1.05-3.59 213 1.29-3.47
Coggon et al, 1986 (35) 7 1.6 0.6-4.3 2.14 1.22-3.70 2.37 1.47-3.77
Pickle & Gottliem, 1980 (36) 5 1.23 0.34-4.40 2.05 1.11-3.73 2.31 1.38-3.84
Pang et al, 1996 (62) 1 0.91 0.02-5.09 1.94 1.04-3.56 212 1.28-3.46
Takahashi & Okubo, 1990 (63) 1 0.37 0.01-2.08 1.90 1.01-3.50 210 1.27-3.42
Aggregated risk estimates 1.96 1.15-3.29 211 1.33-3.35

a Estimates for women.
b Estimates for men.

In a Bayesian analysis, posterior estimates (eg, a pos-
terior mean, a posterior median, and a posterior mode)
for a parameter require a prior probability distribution
in addition to data. A Bayesian analogue of a frequen-
tist confidence interval is called a credible interval
(CrI), which is a posterior probability interval and also
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includes knowledge of a prior probability distribution in
addition to data (110, 111).

In the hierarchical Bayesian models, Markov chain
Monte Carlo (MCMC) methods were used, constructing
two chains starting with different initial values by Gibbs
sampling (112) using chains simulated by WinBUGS



software (113). The convergences of the chains were
assessed by examining Monte-Carlo errors and Gelman-
Rubin statistics (114). The WinBUGS program, version
1.3, being freely available from http://www.mrc-bsu.
cam.ac.uk/bugs/, was used in the hierarchical Bayesian
models. Stata 8 for Windows was used in the non-Bayes-
ian random effects models (115).

In this paper, we have used two kinds of hierarchi-
cal Bayesian models, HB1 and HB2 models, for the
meta-analysis. We used different prior probability dis-
tributions for two parameters to consider the effects on
the results. Details of the models have been published
elsewhere (116).

The results of the hierarchical Bayesian models for
meta-analysis were based on 200 000 iterations with
20 000 burn-in iterations and two chains in both the HB1
and HB2 models. We calculated antilogs of posterior
medians as meta-relative risks, since the posterior me-
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dian is preferable over the posterior mean in preserving
the antilog transformation.

Results

The observed study-specific relative risk estimates and
the posterior estimates for two job titles, laundry and dry
cleaning workers and metal-plating workers, on the basis
of the HB1 and HB2 models, are shown in table 3 (see
page 328). Only one observed risk estimate for laundry
and dry cleaning workers failed to exceed unity. The
study-specific posterior risk estimates for both laundry
and dry cleaning workers and metal-plating workers
seemed to shrink towards the aggregated mean.

Job title results of the random effects models and
the hierarchical Bayesian models are shown in table 4.

Table 4. Results of the random effects (RE) models and hierarchical Bayesian (HB) models 1 and 2 for the job titles (MIRRg¢ = meta-relative
risk in the RE models, 95% Cl = 95% confidence interval, MRR;, = meta-relative risk in hierachical Bayesian model 1, 95% Crl = 95%
credible interval, MRR5, = meta-relative risk in hierarchical Bayesian model 2).

Job title Exposed Aggregated estimates
workers
(N) RE models HB models
MRRge 95% Cl MRR 1 95% Crl MRR g2 95% Crl

Asphalt workers 50 125  0.69-2.262 1.17 0.83-1.66 1.14 0.91-1.43
Bench carpenters 5 0.74 0.24-1.72 0.91 0.54-1.53 0.95 0.70-1.26
Bricklayers 32 0.64 0.44-0.93 0.77 0.52-1.13 0.85 0.73-1.24
Cabinetmakers 39 0.93 0.67-1.30 0.95 0.62-1.45 0.95 0.64-1.10
Cement workers 76 0.91 0.72-1.15 0.98 0.67-1.45 0.94 0.73-1.21
Concrete shutters 45 0.77 0.33-1.79 0.90 0.60-1.34 0.91 0.71-1.17
Construction carpenters 174 0.81 0.67-0.97 0.84 0.61-1.16 0.86 0.67-1.09
Construction workers 116 1.1 0.89-1.38 1.00 0.75-1.32 0.99 0.84-1.19
Electric machine operators 21 0.98 0.62-1.55 0.98 0.66-1.45 0.97 0.79-1.21
Farmers >1746° 0.88  0.77-1.01¢ 0.89 0.72-1.10 0.90 0.77-1.05
Fitters and assemblers 15 1.36 0.76-2.24 1.01 0.72-1.34 1.04 0.79-1.40
Foundry workers >90¢ 1.02 0.81-1.27 1.10 0.70-1.75 0.99 0.79-1.23
Laundry and dry cleaning workers 83 1.41 1.13-1.76 1.42 1.05-1.93 1.40 1.12-1.75
Machine and engine mechanics 95 1.34 0.92-1.94 1.25 0.89-1.77 1.20 0.95-1.53
Metal-plating workers 27 2.04 1.17-3.55 1.96 1.15-3.29 2.1 1.33-3.35
Metal-smelting furnacemen 214 1.15 0.99-1.33 1.10 0.81-1.49 1.07 0.84-1.37
Miners 156 1.07 0.89-1.28 1.02 0.73-1.39 1.01 0.79-1.30
Painters 255 113 0.87-1.48¢ 1.11 0.83-1.50 1.10 0.87-1.39
Plywood-fiberboard workers 21 1.38 0.87-2,17 1.22 0.73-2.05 1.18 0.76-1.86
Printers-pressmen 183 1.19 0.97-1.46 1.21 0.91-1.60 1.21 0.99-1.48
Sawyers 47 413 0.14-123f1 1.03 0.64-1.67 0.94 0.66-1.36
Sheet-metal workers 17 1.03 0.61-1.74 1.00 0.65-1.54 1.02 0.77-1.33
Smiths 1 1.70 0.02-9.46 1.14 0.62-2.07 1.14 0.82-1.58
Stone cutters 5 0.77 0.27-1.76 0,91 0.55-1.51 0.91 0.69-1.20
Timbermen and lumbermen 24 1.01 0.63-1.61 0.97 0.66-1.42 0.97 0.78-1.22
Turners and toolmakers 21 0.69 0.44-1.08 0.93 0.58-1.46 1.08 0.77-1.46
Wood-working machine operators 241 0.98 0.85-1.13 0.95 0.71-1.26 0.95 0.77-1.16

a Test of heterogeneity: P = 0.061.
b Missing from two studies.

¢ Test of heterogeneity: P<0.001.
d Missing from one study.

¢ Test of heterogeneity: P=0.002.
Test of heterogeneity: P=0.023.
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We addressed between-study heterogeneity by using
random effects models. Testing heterogeneity with a 2
test by job title, we found significant heterogeneity for
the studies addressing asphalt workers, farmers, painters,
and sawyers. Publication bias was suspected only for the
studies addressing metal-plating workers, using Begg’s
and Egger’s tests for publication bias.

The meta-relative risks exceeded unity for 12 of
the 27 job titles in all of the meta-analyses, including
the non-Bayesian and Bayesian models. In the random
effects models, the meta-relative risks exceeded unity
for 16 job titles. For 3 job titles (metal-plating work-
ers, laundry and dry cleaning operators, and printers
and pressmen), the meta-relative risks were higher in
one or the other two HB models than in the random
effects models. The meta-relative risks, which were
less than unity, were smaller in the HB models than in
the random effects model for woodworking machine
operators only.

The studies addressing laundry and dry cleaning
workers were associated with an excess risk of pancre-
atic cancer in the random effects model with a meta-
relative risk of 1.41 [95% confidence interval (95%
CI) 1.13-1.76], based on eight standardized incidence
ratio (SIR) or standardized mortality ratio (SMR) risk
estimates. In the HB1 and HB2 models, the meta-relative
risks (MRR) for laundry and dry cleaning were 1.42 and
1.40, and the 95% credible intervals (Crl) were 1.03—
1.93 and 1.12-1.75, respectively. Excesses were found
for the studies on metal-plating workers in the random
effects model [MRR 2.04, 95% CI 1.17-3.55; 1 odds
ratio (OR), 3 SIR or SMR, and 2 RR risk estimates), in
the HB1 model (MRR 1.96, 95% CrI 1.15-3.29), and
in the HB2 models (MRR 2.11, 95% Crl 1.33-3.35).
Excess risks were found for the studies on printers
or pressmen in the random effects model (MRR 1.19,
95% C10.97-1.46; 1 OR, 9 SIR or SMR, and 2 RR risk

Table 5. Results of hierarchical Bayesian models 1 and 2 for
occupational agents (MRR,g, = meta-relative risk in hierarchical
Bayesian model 1, 95% Crl = 95% credible interval, MRRyg, =
meta-relative risk in hierarchical Bayesian model 2)

Agent MRR,g  95% Crl MRR,g;  95% Crl

Aliphatic and alicyclic

hydrocarbon solvents 111 0.65-1.92 110 0.80-1.52
Chlorinated hydrocarbon

compounds 2.03 0.99-4.08 221 1.31-3.68
Fungicides 1.09 0.37-3.24 091 0.45-1.93
Insecticides 153 0.33-7.07 1.95 0.51-7.41
Nickel, nickel compounds,

chromium and chromium

compounds 1.03 0.46-2.27 1.05 0.61-1.81
Polycyclic aromatic

hydrocarbons 1.13  0.78-1.63 1.14 0.89-1.45
Silica dust 0.90 0.65-1.24 090 0.72-1.11
Wood dust 0.96 0.69-1.33 096 0.78-1.17
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estimates) and in the HB1 and HB2 models (MRR 1.21,
95% Cr1 0.91-1.60, and MRR 1.21, 95% CrI 0.99-1.48,
respectively) and for plywood and fiberboard work-
ers in the random effects model (MRR 1.38, 95% CI
0.87-2.17) based on only two SMR risk estimates; the
meta-relative risks in the HB1 and HB2 models were
1.22 and 1.18, respectively. The meta-relative risks for
machine and engine mechanics were 1.34, 1.25, and
1.20 in the random effects, HB1 and HB2 models, re-
spectively. A decreasing risk was found for bricklayers
and construction carpenters in all of the models, but the
95% credible intervals were wider than the 95% confi-
dence intervals.

The occupational agent results of the hierarchical
Bayesian models are shown in table 5. The meta-rela-
tive risks for pancreatic cancer exceeded unity for all of
the agents except fungicides in the HB2 model and for
silica and wood dust in both HB models. The credible
intervals were generally narrower in the HB2 model
than in the HB1 model. The highest meta-relative risks
were found for chlorinated hydrocarbon compounds in
the HB2 model, the meta-relative risk being 2.21 (95%
Crl 1.31-3.68). The meta-relative risk in the HB1 model
was 2.03, but the 95% credible interval (0.99-4.08) was
wider than in the HB2 model. The second-highest meta-
relative risks with wide 95% credible intervals were
found for insecticides. In the HB2 model the meta-rela-
tive risk was 1.95 (95% Crl 0.45-7.41), and in the HB1
model it was 1.53 (95% CrI 0.33-7.07).

Discussion

The occupational agents in this study were selected on
the basis of a previous meta-analysis (10), and some im-
portant occupational agents (eg, electromagnetic fields)
might therefore have been left out. After selecting the
agents, we chose job titles that, in Finland, represent
exposure to these agents. These job titles may not hold
true in all countries and may not have included some job
titles that involve exposures to these agents.

For the hierarchical models, we selected only Bayes-
ian methods because of the number of parameters (28
job titles, 8 agents, and 5 covariate parameters) in the
model and the meta-analytic approach. Random effects
models were used for each job title. In a comparison of
the results of the HB and the random effects models,
the meta-relative risks of the HB models were closer to
unity even though the meta-relative risks of the random
effects models were less or more than unity.

In aggregating observational studies, the main prob-
lems are the combinability and heterogeneity of studies,
study selection bias, publication bias, ecological bias,
and confounding.



Evidence

We found excess risks for pancreatic cancer in respect
to two job titles that were based on more than two input
risk estimates in all of the models (random effects mod-
els and hierarchical Bayesian models), namely, laundry
and dry cleaning workers and metal-plating workers. An
excess risk was also found for printers and pressmen and
plywood and fiberboard workers (including only two
risk estimates) in all of the models. Laundry and dry
cleaning workers, metal-plating workers, and printers
and pressmen were likely to have been exposed to chlo-
rinated hydrocarbon compounds, metal-plating workers
also to chromium and nickel, and printers and pressmen
to aliphatic and alicyclic hydrocarbon solvents. Likely
agents for plywood and fiberboard workers were fungi-
cides, insecticides, and wood dust. The results of the job
titles were similar in the random effects and HB models.
The biggest difference was in the relative risk estimates
for sawyers. In the random effects model, the meta-rela-
tive risk was 4.13 (95% CI 0.14-123), in the HB1 model
it was 1.03 (95% CI 0.64—-1.67), and in the HB2 model it
was 0.94 (95% CI 0.66-1.36). Meta-relative risks were
calculated from two heterogeneous studies (52, 99). The
P-value for heterogeneity was 0.023, and the observed
risk estimate was 33.78 (95% CI 0.44-188) as the SMR
and 0.99 (95% CI 0.76-1.27) as the SIR.

Chlorinated hydrocarbon compounds cover a variety
of chemicals with industrial and research applications.
Trichloroethylene, tetrachloroethylene (perchloroethy-
lene), and 1,1,1-trichloroethane have mainly been em-
ployed in dry cleaning and metal degreasing. Dichlo-
romethane (methylene chloride) is applied in metal
degreasing and paint removing. Trichloroethylene also
applies in the printing industry. Trichloroethylene and
tetrachloroethylene have been classified as group 2A
carcinogens (probably carcinogenic to humans) by the
International Agency for Research on Cancer (IARC).
Dichloromethane, carbon tetrachloride, and chloroform
belong to group 2B carcinogens (possibly carcinogenic
to humans).

In a meta-analysis (10) based on agent-specific
studies, significant excess pancreatic cancer risks were
found for occupational exposure to chlorinated hydro-
carbon compounds and nickel. In this study, we found
excess risks for chlorinated hydrocarbon compounds and
insecticides in both the Bayesian hierarchical models,
but not for occupational exposure to nickel. The cred-
ible intervals for insecticides were much wider than for
chlorinated hydrocarbon compounds.

Publication bias

Publication bias was not likely in this study, as very
few small studies expressly considered the occupational
determinants of pancreatic cancer. Publication bias was
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suspected only for studies addressing metal-plating
workers (104, 105).

Selection of studies

We used major databases and lists of references of the
studies for identifying studies in any language. Uniden-
tified studies were probably of low quality. We did not
attempt to identify unpublished studies.

Extraction

We minimized extractor bias by the use of the formal
extraction procedure, a group of extractors, and the
central checking of extraction. The most relevant risk
estimates were extracted.

Combinability and heterogeneity

Results for different exposure levels, time parameters of
exposure, study types, methods, the time reference for
job titles, and diagnostic specificities may not be read-
ily combinable. We calculated all meta-relative risks,
excluding the (proportional) studies with the lowest
quality. All of the hierarchical Bayesian models included
five covariates (study type, publication year, diagnosis
of pancreatic cancer, country, and time reference for job
title) to increase combinability through adjustment.

Random effects models were used to address be-
tween-population heterogeneity. Heterogeneity was
found for risk estimates for asphalt workers, farmers,
painters, and sawyers. The problem of combining re-
sults for different exposure levels and time parameters
of exposure remained, as the exposure levels were
unknown.

Ecological bias

Ecological or aggregated bias may emerge when group-
level data are used for inferences on the individual level,
since individual variation within groups is lost. Ecologi-
cal bias on the average weakens relative risks (22).

A simple random effects meta-model is hierarchical
with two levels, between-study heterogeneity repre-
senting aggregated or ecological bias, treated as in the
preceding discussion.

In this study, the hierarchical Bayesian models oper-
ated on the following three levels: risk estimates from
studies, job titles, and agents of exposure. A two-level
hierarchical Bayesian meta-analysis was applied for
clinical trials (117-120), but applications for observa-
tional data are rare. Hierarchical Bayesian methods in
ecological studies, including ecological bias, have been
discussed earlier (108, 109, 121-123). Even a simple
meta-analysis involves an ecological bias, as outcomes
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are not available on the individual level (124). Our
meta-analysis involved studies of job titles with exter-
nal agent data (FINJEM) with unknown extrapolability
and unknown exposure levels, hence liable to exposure
misclassification. Including country as a covariate in the
hierarchical Bayesian models presumably reduced the
misclassification bias.

Concluding remarks

The results of this meta-analysis suggest that occupa-
tional exposures to chlorinated hydrocarbon compounds
increase the risk of pancreatic cancer, a result obtained
in another meta-analysis of independent, agent-specific
epidemiologic-specific studies. The hierarchical models
used in this study are applicable in meta-analyses when
studies addressing the agent(s) under study are lacking
or very few, but several studies address job titles with
potential exposure to these agents. A job-exposure ma-
trix or a formal expert assessment system is necessary in
such situations. Hierarchical models for meta-analyses
involving durations and intensities of exposure to oc-
cupational agents from a job-exposure matrix should
be developed.
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