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Background Evidence is lacking on the occupational exposure time window to chemical agents related to pancreatic cancer risk.

Aims This study performed meta-regression and meta-analysis to examine the dose–response association between occupational 
exposure duration to chemical agents and pancreatic cancer risk.

Methods We searched and reviewed studies on exposure duration and pancreatic cancer in five databases (Cochrane Library, 
EMBASE, PubMed, ScienceDirect and Web of Science) from inception to 16 May 2022. Exposure refers to the years a worker was 
exposed to any chemical agent, and outcome variables were pancreatic cancer incidence and mortality.

Results We identified 31 studies, including 288 389 participants. In the meta-regression, the positive dose–response association 
indicated pancreatic cancer risk increased slightly with every additional year of exposure duration (slope = 1.01; 95% confidence 
interval [CI] 1.00–1.02). Pancreatic cancer risk increased with an exposure duration of 1–10 (relative risk [RR] = 1.04; 95% CI 1.02–
1.06), 11–20 (RR = 1.11; 95% CI 1.05–1.16), and 21–30 years (RR = 1.39; 95% CI 1.12–1.73).

Conclusions Pancreatic cancer risk increased as occupational exposure duration increased, with an exposure time window ran-
ging from 1 to 30 years.

Introduction
Within the context of cancer, the term exposure duration rep-
resents the total period over which carcinogens might enter the 
human body [1], and it is an indicator used to regulate work–
rest time [2]. Prolonged exposure to occupational risk factors 
may pose serious health risks, especially for the development 
of cancer [1]. The top five causes of cancer mortality globally in 
2019 were lung, colorectal, stomach, breast and pancreatic can-
cers [3]. In previous meta-analyses, workers exposed to chemical 
agents for longer (e.g. 15 years) than shorter periods (e.g. 8 years) 
showed a higher risk of most cancers (including lung, colorectal, 
stomach and breast cancer) [4–7]. However, a pooled estimate of 
pancreatic cancer is lacking. Pancreatic cancer is typically found 
at an advanced stage and the survival rate is <10% [8], which is 
shorter than the other top four cancers [9]. Therefore, identifying 
occupational exposure duration to chemical agents and its asso-
ciation with pancreatic cancer may enhance our understanding 
of the exposure time window related to pancreatic cancer risk, 
and support the development of early identification indicators.

Although several studies have found a higher risk of pan-
creatic cancer with longer (10–20 or more years) than shorter 
exposure durations (1–10 years) [10,11], some studies provided 
contrary evidence. The effect of occupational exposure dur-
ation to chemical agents on pancreatic cancer risk may vary 
by exposure intensity (i.e. low and high), industry type [12] and 

chemical agents [13]. Across low and high exposure intensities, 
some studies reported a higher risk of pancreatic cancer in 
workers with a shorter exposure duration and high-intensity 
exposure to chemical agents than in those with prolonged but 
low-intensity exposure [14,15]. Regarding industry type, workers 
in the agricultural and automobile industries with shorter ex-
posure duration had a higher risk of pancreatic cancer than 
those in the chemical industry with longer exposure duration 
[10,16]. Regarding chemical agents, workers exposed to pes-
ticides for a shorter duration had a higher risk of pancreatic 
cancer than those exposed to ethylene oxide for a longer dur-
ation [17,18]. Exposure to chemical agents such as polycyclic 
aromatic hydrocarbons (PAHs), nickel and hydrocarbons may 
induce pancreatic cell trans-differentiation, enhance DNA 
changes and modulate oncogene expression, all of which are 
related to pancreatic carcinogenesis [19,20]. These occupational 
epidemiological studies indicated a paucity of information 
about the dose–response association between exposure dur-
ation and pancreatic cancer development.

Therefore, this study aimed to examine the dose–response 
association between occupational exposure duration to chem-
ical agents and pancreatic cancer risk using meta-regression 
and meta-analysis. Specifically, we included all industry and 
chemical agent types to cover the widest possible range of 
working populations.
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Methods
We conducted a systematic search in five databases (Cochrane 
Library, EMBASE, PubMed, ScienceDirect and Web of Science) to 
identify epidemiological studies examining the association be-
tween exposure duration to chemical agents among workers, 
pancreatic cancer incidence and mortality until 16 May 2022. In 
this study, occupational exposure duration to chemical agents 
refers to the number of years that a worker was exposed to any 
chemical agent, and the outcomes were pancreatic cancer inci-
dence and mortality.

The study question was formulated using the population, 
exposure, comparator (s), and outcomes (PECO) framework [21]: 
‘Among workers, what is the effect of each yearly increase in 
occupational exposure duration to chemical agents on pancre-
atic cancer incidence and mortality?’ Details about the search 
terms are provided in Supplementary Material Section 1 (avail-
able as Supplementary data at Occupational Medicine Online). 
This meta-analysis was reported following the guidelines in the 
Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA; Supplementary Material Section 2, available 
as Supplementary data at Occupational Medicine Online) [22]. The 
search strategy was not language restricted but was limited to 
two article types: review and research articles. The eligibility 
criteria for inclusion and exclusion, the data transformation 
methods and data extraction are provided in Supplementary 
Material Sections 1 and 3 (available as Supplementary data at 
Occupational Medicine Online).

Following the methodology in the Cochrane Handbook for 
Systematic Reviews of Interventions [23], we used a natural log 
transformation of effect estimates to make the scale symmetric 
in the meta-regression and meta-analysis. We applied random-
effects meta-regression to investigate the dose–response asso-
ciation between occupational exposure duration to chemical 
agents (continuous variable) and pancreatic cancer risk [23]. We 
further performed a random-effects meta-analysis to calculate 
the pooled estimates of relative risk (RR) and 95% confidence 
intervals (CIs) to identify the range of occupational exposure 
duration to chemical agents (categorical variable) associated 
with pancreatic cancer risk. The exposure time window refers 
to the exposure duration related to the outcome of interest [24], 
excluding the latency period.

We used employment years as a proxy for exposure dur-
ation to chemical agents. The range of occupational exposure 
duration to chemical agents was defined based on the original 
exposure duration of the selected studies. Specifically, most 
selected studies used 10 years as a cut-off. Therefore, we divided 
exposure duration range into 10-year intervals. However, some 
studies defined exposure duration as <1 year, and we classified 
them as <1 year to represent the lowest exposure. Therefore, 
exposure duration was classified as <1 year, 1–10 years, 11–20 
years and 21–30 years. Some exposure durations in the selected 
studies did not meet our classification, so we calculated the 
mean and assigned them to one of the categories we established 
based on the mean exposure duration (e.g. in a study with an 
exposure duration ranging from 1 to 14 years, the mean is 7.5 
years, so the exposure duration was classified as 1–10 years). 
Furthermore, some exposure durations in the selected studies 
did not account for the latency period for pancreatic cancer [25], 
so we assumed a latency of 10 years and subtracted this from 
exposure durations [16,17].

We further categorised occupational exposure duration to 
chemical agents into shorter (≤10 years) and longer durations 
(>10 years) to achieve approximately equal numbers of studies 
between the two periods. Subgroup analyses were conducted to 
compare the pooled effect estimates of occupational exposure 
duration to chemical agents (shorter versus longer) on pancre-
atic cancer risk by exposure intensity (high, low and not indi-
cated), industry type (seven industries), chemical agent type 
(six agents), sex (female, male and combined), geographical 
areas (Asia, Europe and North America), risk of bias assessment 
(Tier 1 and Tier 2) and conflict of interest declaration (no, yes 
and not indicated). The risk of bias assessment information 
is provided in Supplementary Material Section 4 (available as 
Supplementary data at Occupational Medicine Online).

Given the relatively small differences in the numbers for 
pancreatic cancer incidence and mortality, we combined them 
as one target outcome, as in our previous meta-analysis [26]. 
The I-squared (I2) test was applied to explore effect heterogen-
eity across individual studies with the criteria of the degree of 
inconsistency as follows: I2 values of 0%–25%, 25%–50%, 50%–
70% and >70% were defined as no, low, moderate and high het-
erogeneity, respectively [27]. The tau-squared (τ2) was used to 

Key learning points
What is already known about this subject:
•	 Prolonged occupational exposures may pose serious health risks, especially for the development of cancer.
•	 There is limited evidence on the dose–response association between occupational exposure duration and pancreatic can-

cer risk.

What this study adds:
•	 Dose–response of occupational exposure duration and pancreatic cancer was observed.
•	 Our study suggests a non-additional risk of pancreatic cancer for occupational exposures <1 year, but an increase of 39% 

in risk for exposure durations of 21–30 years.
•	 Males exposed to Group 1 carcinogens had the highest pancreatic cancer risk.

What impact this may have on practice or policy:
•	 Future research should distinguish exposure duration from the latency period to identify the exposure time window of 

pancreatic cancer risk.
•	 Males exposes to Group 1 carcinogens for more than ten years should be monitored for symptoms and signs of pancreatic 

cancer.
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identify between-study variations [23]. Funnel plots and Begg’s 
test were applied to examine publication bias [23].

A sensitivity analysis was performed to determine the con-
sistency of the pooled RR between the main and alternative 
models of the meta-analysis. The main model was a meta-
analysis of the association between occupational exposure 
duration to chemical agents and pancreatic cancer risk. The 
alternative model was a meta-analysis of the association be-
tween occupational exposure duration to chemical agents and 
pancreatic cancer risk by removing studies reporting the largest 
percentage of the total weight of pooled RR [28]. All statistical 
analyses were performed using Stata, version 16.1 (StataCorp, 
College Station, TX, USA). After the analyses, we evaluated 
the certainty of evidence and summarised in Supplementary 
Material Section 5 (available as Supplementary data at 
Occupational Medicine Online) [29]. This meta-analysis did not re-
quire ethical approval as it reviewed and summarised data in 
previously published literature.

Results
A summary of the agreement rates during the screening and 
selection processes of the systematic review is provided in 
Supplementary Section 6 (available as Supplementary data at 
Occupational Medicine Online). The process of identifying studies 
in databases, screening for potential studies, evaluating full-
text studies to assess eligibility, and including studies for meta-
regression and meta-analysis is reported in Figure 1.

Among the 31 studies including 288 389 participants, 11 re-
ported on shorter (≤10 years), 5 reported on longer (>10 years) 
and 15 reported on both occupational exposure durations to 
chemical agents. The characteristics of the 31 included studies 
are summarised in Supplementary Material Section 7 (avail-
able as Supplementary data at Occupational Medicine Online). 
Participants’ ages ranged from 23 to 85 years. All studies in-
cluded in the analyses adjusted for age. Several (13/31 [42%]) 
adjusted for confounding variables including smoking, diabetes, 
obesity, socio-economic status and alcohol consumption.

A meta-regression of 204 study groups across 31 studies was 
conducted to assess the dose–response association between 
occupational exposure duration to chemical agents and pan-
creatic cancer risk. The findings showed a significantly positive 
dose–response association between exposure duration and pan-
creatic cancer risk, with a 1% increase in pooled RR (slope = 
1.01; 95% CI 1.00–1.02) per year (Figure 2). This finding suggests 
that longer occupational exposure to chemical agents is associ-
ated with an increased pancreatic cancer risk.

The meta-analysis revealed a significant association be-
tween occupational exposure duration to chemical agents and 
pancreatic cancer risk (pooled RR = 1.08; 95% CI 1.05–1.10; I2 = 
51% and τ2 = 0.004). We observed a decreased risk of pancreatic 
cancer in workers exposed to chemical agents for <1 year, with 
a probability of null association (RR = 0.95; 95% CI 0.79–1.15; 
I2 = 29% and τ2 = 0.093; Figure 3). When considering prolonged 
exposure, we observed an increased risk of pancreatic cancer in 
workers exposed to chemical agents for 1–10 years (RR = 1.04; 
95% CI 1.02–1.06; I2 = 31% and τ2 = 0.001), 11–20 years (RR = 1.11; 

Figure 1.  Flowchart of study selection. Abbreviation: N, number of studies.
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95% CI 1.06–1.17; I2 = 67% and τ2 = 0.008) and 21–30 years (RR 
= 1.39; 95% CI 1.13–1.72; I2 = 46% and τ2 = 0.082; Figure 3). The 
I2 for the exposure duration of 11–20 years indicated moderate 
heterogeneity among these studies, whereas the I2 for the re-
maining categories indicated low heterogeneity.

Figure 4 shows the effect of occupational exposure to chem-
ical agents on pancreatic cancer risk in subgroup analyses. 
Regarding exposure intensity, we found that the RRs of pan-
creatic cancer for both low and high exposure intensities were 
higher (and similar) for longer (RR = 2.19; 95% CI 0.50–9.55 and 
RR = 2.17; 95% CI 1.06–4.44, for low and high exposure inten-
sities, respectively) than for shorter (RR = 1.03; 95% CI 0.76–1.39 
and RR = 1.06; 95% CI 0.72–1.56, for low and high exposure in-
tensities, respectively) exposure durations. Regarding industry 
type, the RRs of pancreatic cancer for most industries were also 
higher in longer than shorter exposure durations, especially for 
chemical, metal, and plastic and rubber industries. Regarding 
chemical agent type, we identified higher RRs of pancreatic 
cancer for longer than for shorter exposure durations for most 
types, particularly for ethylene oxide and PAHs.

The RRs of pancreatic cancer were also higher for longer 
than for shorter exposure durations in both male and fe-
male workers, all geographical areas, risk of bias assessment 
categories and regardless of whether the study reported con-
flicts of interest. However, studies with a conflict of interest had 

lower pooled RRs of pancreatic cancer than studies without a 
conflict of interest for both exposure durations.

Overall, pooled RRs of pancreatic cancer for occupational 
exposure duration to chemical agents were 1.08 (95% CI 1.05–
1.10; I2 = 51%) in the main meta-analysis model. One study [30] 
contributed the largest percentage to the total weight (78%; 
Supplementary Material Section 8, available as Supplementary 
data at Occupational Medicine Online). By excluding this study 
from the alternative meta-analysis model, pooled RRs of pan-
creatic cancer differed from the main model by approximately 
15%, with an RR of 1.26 (95% CI 1.16–1.38; I2 = 50%). The I2 
between the main and alternative models differed slightly, 
indicating moderate heterogeneity between the two models. 
The funnel plot for the meta-analysis showed symmetry for the 
effect estimates, and the Begg’s test suggested no publication 
bias (P = 0.768; Figure 5).

Discussion
Our meta-regression showed that pancreatic cancer risk in-
creased by a 1% per-year increment in occupational exposure 
duration to chemical agents, indicating a dose–response associ-
ation. The certainty of evidence was moderate for an increased 
risk of pancreatic cancer. Subgroup analyses found pooled RRs 
of pancreatic cancer risk were higher for longer than for shorter 
exposure durations across most characteristics.

The major strengths of this study are: first, our inclusion 
of a large number (288 389) of participants from 31 published 
studies; and second, our limitation of healthy worker ef-
fect by comparing groups of workers, rather than the general 
population.

However, our meta-analysis has some limitations. We used 
employment years as a proxy for exposure duration. Cumulative 
exposure is a common summary measure used to quantify past 
exposure (i.e. the mean intensity and exposure duration in the 
past) [1,31].The environmental monitoring datasets used to es-
timate exposure intensity may sometimes be incomplete. One 
study described exposure duration as a stronger predictor of 
risk than exposure intensity [31]. Second, exposure age might 
impact pancreatic cancer development, and age was also a 
confounding factor [8]. However, all studies were adjusted for 
age, so this might not have greatly affected our study. Third, un-
adjusted confounding factors, such as smoking, alcohol, educa-
tion and diabetes, may have influenced the findings, although 
42% of the studies did adjust for these. Fourth, our sensitivity 
analysis showed a 15% difference between the pooled RRs for 
the main and alternative models, with one study contributing 
the most percentage to the total weight [30]. This may be be-
cause this cited study had a smaller standard error than the 
other studies, which in turn gave it more weight. At the same 
time, the I2 values did not diverge by model (main model: I2 = 
51%; alternative model: I2 = 50%), suggesting that the cited study 
[30] might not have caused heterogeneity for the pooled RR of 
pancreatic cancer. Fifth, standard meta-regression and meta-
analysis assume that the effect estimates of each exposure 
level are independent of each other. However, effect estimates 
of different exposure levels derived from the same study might 
be estimated by comparing with the same reference group (i.e. 
multiple study groups from a single study), indicating that the 
effect estimates could not be assumed to be independent [32]. 
If we assumed the effect estimates were independent, we might 
underestimate the variance of the duration–response slope 

Figure 2.  Meta-regression for the log relative risk of pancreatic cancer 
across different occupational exposure durations to chemical agents 
across the 31 included studies. Abbreviation: CI, confidence interval.

Figure 3.  The pooled relative risk of pancreatic cancer by occupational 
exposure duration to chemical agents. Abbreviation: CI, confidence 
interval.

http://academic.oup.com/occmed/article-lookup/doi/10.1093/occmed/kqad050#supplementary-data
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Figure 4.  Subgroup analysis for the pooled relative risk of pancreatic cancer shorter and longer exposure durations by industry type, chemical agent 
type, geographical area, exposure assessment, intensity exposure level, risk of bias assessment and conflict of interest. Only one study was conducted 
in Oceania, so we excluded it from the geographical area subgroup analysis. Abbreviations: CI, confidence interval; I2, I-squared; L, longer exposure 
duration; PAHs, polycyclic aromatic hydrocarbons; S, shorter exposure duration.
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[32]. A lower variance may weigh more on each study and lead 
to an overestimation of pooled effect estimates. So, we tried a 
different approach to investigate the duration–response asso-
ciation between occupational exposure and pancreatic cancer 
risk by combining the group effect of different exposure levels 
[33]. We observed a positive dose–response association with 
a 2% increase in the pooled RR per year (slope = 1.02; 95% CI 
1.00–1.04; Supplementary Material Section 9, available as 
Supplementary data at Occupational Medicine Online). Since half 
[16] of the studies were excluded from the analysis, publication 
bias was present in the analysis. Therefore, we reported our re-
sults without publication bias.

Our results reflect two previous meta-analyses on the asso-
ciation between occupational exposure duration to chemical 
agents and four other types of cancer: which reported a signifi-
cantly increased risk of lung and colorectal cancer in workers 
with > 20 years exposure to chemical agents [5,6]. Two meta-
analyses reported no statistically significant dose-response as-
sociation between occupational exposure duration to chemical 
agents and stomach cancer [4] or breast cancer [7]. These dif-
ferent results may be due to differences in exposure duration 
definitions. The meta-analyses by Guha et al [5] and Kwak et 
al [6] and ours considered only the number of years of occupa-
tional exposure to any chemical agent, whereas Fortunato and 
Rushton [4] and Marsh et al [7] summed both exposure duration 
and latency period. This finding suggests that having sufficient 
exposure duration and differentiating such duration from the 
latency period may be critical for accurately identifying the ex-
posure interval for pancreatic cancer risk.

Low exposure intensity increased the risk of pancreatic 
cancer in workers with shorter and longer exposure duration 
by 1.03- and 2.19-fold, respectively. High exposure intensity 
increased the risk by 1.06- and 2.17-fold, respectively. So, our 
evidence demonstrates higher pancreatic cancer risk with 
longer than shorter occupational exposure durations, regard-
less of exposure intensity. Therefore, exposure duration could 
be an appropriate indicator when investigating past exposure to 
chemical agents and pancreatic cancer risk.

Chemical, metal, and plastic and rubber industries had 
higher RRs of pancreatic cancer risk for longer exposure dur-
ations. This is because the studies of these industries used an 
appropriate follow-up time (approximately 50, 30, and 40 years 
for the chemical, metal, and plastic and rubber industries, 

respectively) to obtain a relatively large number of pancreatic 
cancer cases for the dose-response association to be observed 
[10,34–36].

Industry-specific carcinogens may also increase pancreatic 
cancer risk. In the chemical industry, ethylene chlorohydrin 
(Group 2B, possibly carcinogenic to humans) is used to produce 
ethylene dichloride, which has been shown to increase the in-
cidence of spleen, liver, pancreas and adrenal malignancies 
in animal studies [10,18,34]. Furthermore, accidental overex-
posure and spending more than 1 h per shift in the chlorohydrin 
room may increase pancreatic cancer risk [10,34]. In the metal 
industry, exposure to metal-working fluids used in metal 
machining and grinding may increase the risk of cancer, and 
potential carcinogens include PAHs in their straight and soluble 
forms, nitrosamines in soluble form and chlorinated oil [36,37].

Further, exposure to styrene in the reinforced plastics in-
dustry and to dust and fumes from rubber-making and vulcan-
isation processes in the rubber industry may increase cancer 
risk [38,39]. According to a rubber industry study, prolonged 
exposure to chemicals in vinyl and polyethylene processing, 
which involve potentially hazardous chemicals (e.g. formalde-
hyde, organic acids and solvents) may cause pancreatic cancer 
[35]. In this study [35], all related pancreatic cancer cases in-
volved long-term workers on vinyl and polyethylene processing 
lines. Given that workers in the rubber industry may be exposed 
to multiple chemical agents for a prolonged duration, the syn-
ergistic effect of these multiple chemicals may increase pan-
creatic cancer risk. In our study, occupational exposure in any 
industry, and in agricultural, textile and automobile industries 
showed either non-significant or a difference in RRs of pancre-
atic cancer between shorter and longer exposure durations of 
less than 50%.

Ethylene oxide and PAHs had significantly higher RRs of pan-
creatic cancer for longer than shorter exposure durations in our 
analysis of six chemical agents. Other chemicals (detergents for 
floor cleaning, pesticides, aromatic hydrocarbons, and metals) 
showed either non-significant or a difference in RRs of pancre-
atic cancer between shorter and longer exposure durations of 
<50%. Ethylene oxide and PAHs are Group 1 carcinogens (car-
cinogenic to humans) [40], whereas other chemical agents are 
mostly Groups 2A (probably carcinogenic to humans) and 2B 
[41–43]. Our findings showed that prolonged exposure to Group 
1 carcinogenic agents posed the highest risk to workers, whereas 
exposure to Group 2A or 2B agents showed a lower risk of pan-
creatic cancer, regardless of exposure duration. Moreover, we ob-
served non-significant or a small difference in RRs owing to the 
mixture of chemicals used in detergents for floor cleaning, pes-
ticides, aromatic hydrocarbons, and metal users. Our evidence 
implies that workers exposed to Group 1 carcinogens for longer 
should be considered at greater risk for pancreatic cancer.

Males had a higher risk of pancreatic cancer than females 
for both exposure durations. Research shows that lifestyle fac-
tors (e.g. smoking and alcohol) increased pancreatic cancer 
risk in men [44]. One study revealed that oestrogens in female 
rats inhibited early pancreatic carcinomatosis, while andro-
gens in male rats may promote pancreatic cancer develop-
ment [45]. Another explanation might be that female workers 
are more likely to be assigned to less hazardous areas than 
male workers [46]. We observed a positive association in three 
geographical areas, with the highest significant RRs of pan-
creatic cancer risk in Europe. This may be because most par-
ticipants in European studies were male and most in Asian 
studies were female.

Figure 5.  Funnel plot for relative risk of pancreatic cancer from the 
studies included in the meta-analysis of 204 study groups across 31 
studies.

http://academic.oup.com/occmed/article-lookup/doi/10.1093/occmed/kqad050#supplementary-data
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Regarding conflicts of interest, we observed that studies 
without conflicts of interest reported a positive RR, whereas 
studies with a conflict of interest reported a negative RR. Our 
meta-analysis revealed a positive dose–response association 
between occupational exposure duration to chemical agents 
and pancreatic cancer risk. Our study suggested no additional 
pancreatic cancer risk for exposure durations <1 year, but an 
additional risk of 39% for exposure durations of 21–30 years. 
Males exposed to Group 1 carcinogenic agents for more than 10 
years should be monitored for symptoms and signs of pancre-
atic cancer.
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