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A retrospective cohort study of shift work and risk of incident cancer among 
German male chemical workers
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Objective   Human evidence of carcinogenicity concerning shift work is inconsistent. This industry-based cohort 
study aimed to examine the relationship between working in a rotating shift and can    cer incidence.
Methods   The cohort consisted of male production workers (12 609 shift and 15 219 day), employed in a large 
chemical industry for at least one year between 1995–2005, and residing in the German federal state of Rhine-
land-Palatinate. Incident cancer cases from 2000–2009 were identified through record linkage with the cancer 
registry of Rhineland-Palatinate. Information on exposure to shift work and potential confounders, including 
age, smoking status, job level, and employment duration, was extracted from the personnel and health records. 
Cox proportional hazard models were used to estimate hazard ratios (HR) with 95% confidence interval (95% 
CI) adjusted for potential confounders. 
Results   Between 2000–2009, 518 and 555 cancer cases (excluding non-melanoma skin cancer) occurred 
among shift and day work employees, respectively. Compared to “never shift work”, shift workers experienced 
an increased risk of cancers neither at all-sites (HR 1.04, 95% CI 0.89–1.21) nor for prostate cancer in particular 
(HR 0.93, 95% CI 0.71–1.21). The risks of leukemia and esophagus cancer were increased if smoking was not 
taken into account, albeit based on small numbers. However, adjusting for smoking changed the HR and the 
risk diminished. 
Conclusions   Our analyses do not provide evidence for a carcinogenic effect of the shift system under study. 

Key terms   cancer risk; chemical industry; circadian disruption; Germany; health surveillance; incidence; 
industry-based.
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By interfering both with biological and social circadian 
rhythms, shift work involving work at night poses several 
challenges to those who perform it. The resulting misalign-
ment may be associated with generally increased health 
risks. Shift work involving exposure to light at night and 
the subsequent depression of endogenous melatonin was 
hypothesized to be an etiologic mechanistic pathway for 
developing breast cancer (1, 2). More generally, chrono-
type, sleep pattern, and circadian genes are supposed to 
act in the adaptation to shift work, and subsequently have 
influence on the direct or indirect pathways from shift 
work to the potential adverse health outcomes (3). 

In 2007, the International Agency for the Research 
on Cancer (IARC) classified “shift work that involves 
circadian disruption” as probably carcinogenic (2A), 
based on sufficient evidence in experimental animals 
but limited evidence from epidemiological studies (4, 
5). Since then, a body of literature has emerged from 
research on shift work and its impact on cancer risk for 
all sites (6, 7) and several site-specific cancers, such as 
prostate (6, 8), ovaries (9, 10), skin (11), non-Hodgkin 
lymphoma (12), pancreas (13), and lung (14) in addi-
tion to breast cancer (15–21). However, evidence from 
epidemiological studies still remains inconsistent. In 
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recent reviews, findings for an adverse association 
between night work and breast cancer were considered 
to be suggestive but not conclusive, while limited and 
inconsistent for cancers at other sites and all cancers 
combined (22, 23, 24).

We have previously studied acute injury, chronic 
illness, and total mortality in two cohorts of male wage 
employees, respectively engaged in rotating shift and 
day work, followed up from 1996–2006 (25, 26), and 
all-cause and cancer-specific mortality (27) and mor-
tality due to ischemic heart disease (28), followed up 
from 2000–2009. Here we found no difference between 
ever and never shift workers, nor dose–response rela-
tions with duration of shift work. The present study 
aims to further investigate total and site-specific cancer 
incidence risks, in this large industry-based cohort with 
largely homogeneous occupational profiles.

Methods

Study design and population

This study was designed as a retrospective cohort study 
of male production workers in a German chemical com-
pany. The cohort was defined in a previous study that was 
described in a former publication (25). Briefly, the initial 
shift cohort consisted of 14 037 male wage employees 
who completed ≥1 year of rotating shift work between 
1995–2005. A cohort of 17 095 day workers was iden-
tified as the referent population using the same search 
strategy in the work histories but excluding all employees 
who ever performed shift work or whose job titles were 
indicative of office work. Most of the initial cohorts were 
residents of Rhineland-Palatinate in Germany, 12 609 
(90%) shift and 15 219 (89%) day workers. The present 
study that aims to compare the cancer incidence risks 
between the two sub-cohorts is based on this population. 
Incident cancer cases were identified through anonymous 
record linkage with the cancer registry of Rhineland-
Palatinate. The algorithm uses pseudonyms of the per-
sonal information including names, sex, date of birth, and 
place of residence to match cases. Cancer incidence was 
recorded for the period from 2000–2009. The later onset 
of the follow-up period compared to our earlier studies 
was due to the fact that an acceptable completeness of 
the cancer registry data was only achieved since the year 
2000, owing to obligatory notification in the State of 
Rhineland-Palatinate.

Cancer registry data

This study is based on cancer cases registered in the 
Rhineland-Palatinate cancer registry that covers a popu-

lation of 4 million with about 18 000 cancer cases 
added each year. Since 1 January 2000, all Rhineland-
Palatinate physicians and dentists are legally obliged 
to report incident cancer cases to the cancer registry. 
This includes all malignant tumors, benign brain and 
central nervous system (CNS) tumors, brain and CNS 
tumors of uncertain behavior, malignant bladder tumors, 
carcinoma in situ, and tumors of uncertain behavior of 
the bladder. Since the beginning of 2000, the complete-
ness of all incident cancer cases has been improving 
from 62.8% to the current 93%. The case-finding in the 
cancer registry of the present study was successful. The 
diagnoses were classified according to the 10th revision 
of the International Statistical Classification of Diseases 
and Related Health Problems (ICD-10). Results for 
cancer categories with ≥20 cases are reported in the 
present paper. 

Shift schedules

The shift cohort members work in either of two forms of 
fast forward-rotating 12-hour shift schedules approved 
for BASF’s Ludwigshafen site, referred to as the 3×12 
or 4×12 system because of the number of shift teams 
needed to run the schedules. In the 3×12 system with a 
sequence of shifts (day-night-off), a 12-hour day shift 
(06:00–18:00 hours) is followed 24 hours later by a 
12-hour night shift (18:00–06:00 hours). After a day 
off, the employee returns to the day shift. With this 
shift schedule, there are 39 holidays and an additional 
57 elective shifts off per year. The 4×12 schedule with a 
sequence of shifts (day-night-off-off) follows the same 
pattern except that there are two days off between the 
night shift and the next day shift. To compensate, there 
are only 33 holidays and 4 elective shifts off per year. 
Both shift schedules have the same rotating speed and 
the same working time, which sums up to 1709 hours per 
year. In fact, approximately 80 night shifts per year are 
worked by either group. The shift schedules differ only 
by a resting period of one or two days after the night 
shift. The number of sequential night shifts is never >1 
in both systems. Possible differences between these two 
shift schedules are not the subject of the present study. 
Nevertheless, a previous evaluation did not suggest a 
difference between these two shift systems regarding 
their impact on subjective health status measured by the 
Work Ability Index (29).

Validation of exposure measures

Exposure status to shift work was defined dichotomously 
at entry into the study. Since job histories were not digi-
tally recorded before 1995, information on working time 
history before this time point was therefore not routinely 
available. To assess the magnitude of the potential clas-
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sification error of shift assignment and to quantify the 
exposure duration, a validation study was performed in a 
representative sample of 300 cohort members. The shift 
and day cohorts were firstly stratified at quartiles of the 
job duration. Within each stratum, a “simple random 
sampling” technique was used, from which respective 
samples of 50 and 25 of the shift and day cohort were 
drawn. The complete job history of the sample was 
reconstructed based on archived health documents or 
injury records before 1995, in which shift work status 
was possibly documented. After 1995, all job records 
were retrieved from an internal personnel database. Two 
staff members in the medical department independently 
reviewed all documents, blinded to the initially defined 
shift status. If a working time schedule was noted in any 
document, the date of its issue was taken as evidence for 
working or not working shifts at this point in time. In 
case of discrepancies, a third person checked the entries 
and a consensus was reached. After the complete revi-
sion, the initially defined exposure status was unmasked 
and compared with the records before and after 1995 
according to the data source. We found that 15% of 
the shift-work employees had transferred at least once 
to day work while 8% of the day workers transferred 
at least once to day work before 1995. After 1995, the 
figures were 14% and 3%, respectively. Of note, those 
who have transferred twice or four times returned to the 
initial working time schedule again.

The error rate of exposure duration before 1995 was 
estimated quantitatively. Because the dates of the docu-
ments did not necessarily represent the true date of trans-
fer that could have occurred between the dates of two 
successive documents, three scenarios were assumed for 
sensitivity analysis. In a best-case scenario, the shortest 
duration between two successive dates of discrepant 
records of working time status was assumed to be pos-
sibly misclassified, while in a worst-case scenario it was 
the longest duration. A mixed-case scenario, was some-
where in between the two extremes. As a result, among 
day workers, the misclassified exposure duration in shift 
work were 1.2%, 3.1%, and 2.2%, accordingly in best-, 
worst-, and mixed-case scenarios, and 9.8%, 13.4%, and 
11.6% in day work among shift workers.

Confounders 

Smoking status, job level, and job duration were consid-
ered to be potential confounding factors. Smoking status 
at the entry into the study was used to define current, 
past, and non-smokers, and unknown. According to job 
level, cohort members were classified into manual labor 
or skilled/supervisory. Information on job duration in 
the company was retrieved from the personnel data and 
used as a surrogate measure of total exposure duration 
on the job.

Statistical analysis

To account for shift work in relationship with incident 
cancer risks, we used Cox proportional hazards models 
in our primary analysis to examine the impact of (i) 
shift versus day work, (ii) age at entry to follow-up, (iii) 
job level, (iv) smoking status, and (v) job duration. Job 
duration is considered as a proxy measure of exposure 
duration in shift work, at the same time adjusting for 
“total time worked in this chemical factory”. Results 
are presented as hazard ratio (HR) with 95% confidence 
interval (95% CI). 

In our secondary analysis, an external comparison 
of site-specific standardized incidence ratios (SIR) was 
done separately for shift and day work employees. SIR 
were computed using age-, sex-, and calendar-year-
specific cancer incidence for the reference population of 
Rhineland-Palatinate. The expected numbers of cancer 
(E) for the time period 2000–2009 were compared with 
the observed numbers (O), calculating SIR as the ratio 
between the observed and the expected numbers, and 
95% CI were computed based on Poisson distribution 
assumption. The SIR were calculated separately for the 
shift- and day cohorts. While we performed predomi-
nantly an internal comparison, a ratio of SIR (SIRR) of 
both cohorts with 95% CI was computed (30). 

Since the incidence rates from a general population 
may not act as a proper reference, we emphasize the 
results from our internal analysis. As this is an explor-
ative study, we have chosen not to employ the term 
"statistically significant" but rather to discuss differences 
that cannot be explained by random variation only.

A latency time of 20 years was defined prior to the 
analysis to estimate a potential latency period of cancer. 
The analyses were performed with SAS version 9.2 
(SAS Institute, Cary, NC, USA). 

Results

Study population

Baseline characteristics of rotating shift and day work 
employees in this male production population are pre-
sented in table 1. The median age at entry to follow-
up was well comparable between the cohorts [39.5 
(interquartile range (IQR) 33.5–49.5) and 40.5 (IQR 
32.5–50.5) years of age for shift and day workers, 
respectively.] Rotating shift employees were more likely 
to be assigned to jobs involving manual labor than day 
workers. Cigarette smoking was more prevalent among 
shift than day workers. Mean job duration was very 
similar between the cohorts: 25.0 and 25.1 years for shift 
and day workers, respectively.
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Internal comparison: all sites and site-specific cancer risk

During ten years of follow-up, 518 (4.1%) and 555 
(3.6%) incident cancer cases (excluding non-melanoma 
skin cancer) occurred among rotating shift and day work 
employees, respectively. 

Table 2 shows the HR of shift work in association 
with all sites except for non-melanoma skin cancer and 
site-specific cancer incidence, adjusted for age and job 
level. No difference of incidence of cancer at all sites 
was found (HR 1.02, 95% CI 0.89–1.18). Compared to 
day workers, increased incidence of esophagus cancer, 
non-Hodgkin’s lymphoma (NHL) and leukemia among 
shift workers was suggested, but no site showed a sta-
tistically significant association (P>0.05).

After additional adjustment for smoking status, the 
HR decreased in total cancer and some smoking-related 
cancer sites, such as lip, oral cavity and pharynx, stom-
ach, lung/bronchial system, bladder, and NHL, while the 
HR of leukemia increased and reached statistical signifi-
cance. The HR of "total cancer" turned to below unity. 

Results after further adjustment for employment 
duration increased most HR numerically. If a latency 
time of 20 years was considered, the results did not 
change (data not shown). 

External comparison: all sites and site-specific cancer risk

Table 3 presents the SIR for cancer in shift and day work 
employees. The SIR of “cancer at all sites” were close to 
unity. The SIR of prostate cancer were increased both for 
shift (SIR 1.44, 95% CI 1.22–1.70) and day (SIR 1.51, 
95% CI 1.30–1.74) workers, while the SIRR was below 
unity (SIRR 0.95, 95% CI 0.76–1.19). The SIR for lung 
cancer were decreased both in the shift and day cohorts 
(0.70, 95% CI 0.51–0.94 and 0.48, 95% CI 0.34–0.66, 
respectively); however, the SIRR was slightly but non-
significantly elevated (1.46, 95% CI 0.93–2.30). Bladder 
cancer incidence is increased for shift (SIR 1.61, 95% 
CI 1.19–2.13) but not day (SIR 1.24, 95% CI 0.91–1.65) 
workers. Again, SIRR is not significantly different from 
unity (1.30, 95% CI 0.85–1.99).

Comparing other cancer incidence risks between 
shift and day cohorts, some of the SIRR tend to be 
elevated, however, mostly due to respective deficits of 
cases in day workers.

Discussion

The present study aimed to assess the cancer incidence 
risks associated with shift work in a cohort of male 
production workers. During a 10-year follow-up, we 
did not find significant associations between shift work 
and either all sites or site-specific cancers after adjusting 
for age, smoking status, job level, and job duration. The 
risk of leukemia and esophagus cancer was suggested to 
be increased among the shift workers, albeit based on 
small numbers.  

The present industry-based study is one of the very 
few studies investigating site-specific cancer incidence 
in a large cohort of shift workers, with an internal 
comparison with day workers. The findings from the 
internal comparison varied slightly depending on the 
models with respect to adjustment for explanatory fac-
tors beyond age and job level, including cigarette smok-
ing and employment duration. 

In the secondary analysis comparing with cancer 
risks in the general population, both day and shift 
work employees had increased SIR of prostate cancer 
and reduced risks of lung cancer. An increased SIR of 
bladder cancer was found among shift workers. With 
the exception of leukemia, none of the SIRR between 
shift and day cohorts deviated statistically significantly 
from unity.

A substantial body of epidemiological studies 
addresses the carcinogenicity of shift work, mostly 
based on breast cancer, and predominantly among 
nurses. Few studies provided evidence for other cancer 
sites, particularly in male populations. Recent reviews 

Table 1. Description of characteristics of rotating shift and day 
work cohort members residing in Rhineland-Palatinate. [IQR= 
interquartile range; NA=not available]

Rotating shift (N=12 609) Day work (N=15 219)

N % Median IQR N % Median IQR
Age at entry 
to follow-up 
(years)

39.5 33.5–49.5 40.5 32.5–50.5

Age at end 
of follow-up 
(years)

49.5 43.5–59.5 50.5 42.5–59.5

Job level a
Manual 10 786 85.5 7367 48.4
Skilled/
supervisory 

1823 14.5 7852 51.6

Cigarette 
smoking   
Current 5350 42.4 4145 27.2
Former 4561 36.2 4246 27.9
Never 2643 21.0 5122 33.7
NA 55 0.4 1706 11.2

Employment 
duration in 
years
0–4 77 0.6 55 0.4
5–9 427 3.4 459 3.0
10–14 1521 12.1 1048 6.9
15–19 2546 20.2 1677 11.0
20–24 2943 23.3 2730 17.9
25–29 2217 17.6 2125 14.0
30–34 1617 12.8 2402 15.8
35–39 797 6.3 2065 13.6
40–44 364 2.9 1817 11.9
≥45 100 0.8 841 5.6

a Job level at entry into the study (>2000).
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found limited and inconsistent evidence for a risk of 
cancers at other sites and all sites combined (22, 23, 
24). Our present paper mainly discusses cancers at all 
sites combined, cancer at other sites, rather than prostate 
cancer; the latter will be reported and discussed in detail 
in another paper (Hammer et al in preparation).

By the time of the IARC assessment, one study 
among females and another study among males reported 
all sites and site-specific cancer incidences (31, 32). The 
results are in agreement with ours. After the IARC rul-
ing, a large cohort study including all Nordic countries 
and 54 occupational categories found that all risks for 
occupations assumed to involve shift work assessed by 
means of the Finnish job exposure matrix (JEM) were 
also around unity. Several elevated site-specific cancer 
risks were reported in a case–control study in which a 
variety of statistical models including numerous con-
founders were used (7). The authors considered their 
findings to be contradictory and perplexing because of 
apparent excess risks at a number of tumor sites, but no 
hint of a duration–response relationship (7).  

Our findings with respect to skin cancer are in 
agreement with another cohort study based on 10 799 
incident skin cancers from a cohort of 68 336 female 
nurses that reported reduced risks for skin cancer and 
for melanoma (11).

The present study found increased SIR for shift 
workers, both for the bladder and urinary tract. In the 
internal comparison, the HR of both categories were 
close to unity. The HR for bladder cancer turned below 
unity after additional adjustment for smoking, while the 
HR for urinary tract did not. Our results are in accor-
dance with that of another cohort study among males, 

which categorized urinary organs together, while the 
case–control study found significantly increased risks, 
comparing ever versus never shift work (7). Being in a 
chemical company, a potential exposure to carcinogenic 
substances in the past (eg, aromatic amines) may lead 
to increased risk of bladder cancer. On the other hand, 
preventive measures, such as a regular screening pro-
gram that is offered to employees with past exposure to 
carcinogenic aromatic amines, may additionally intro-
duce diagnostic bias (33). This may explain in part the 
increased SIR of bladder cancer in table 3. 

Bronchial and lung carcinoma has rarely, if ever, 
been linked to night work. This may be due to the fact 
that cigarette smoking is by far the most important cause 
for this type of cancer, and the generally less favorable 
smoking behavior of shift workers might mask any 
weak association with shift work, if existing. It is thus 
not surprising that in the internal comparison of our 
study population, the HR for bronchial and lung cancer 
turned to below unity after additional adjustment for 
smoking. Interestingly, the study by Schwartzbaum and 
co-workers (32) also found significantly reduced SIR of 
lung cancer for shift workers, while two other studies 
found increased risks for shift work (7, 14). 

In our study, notably, an increased risk (not statisti-
cally significant) for NHL was suggested based on a total 
of 27 cases. In the external comparisons, the SIR for 
the shift workers was close to unity, while fewer cases 
than expected were observed among the day workers. 
Analogously, the SIR for leukemia of both the shift- and 
day workers were not significantly increased in refer-
ence to the general population, though coupled with 
more disparity between the groups. The HR based on 

Table 2. Hazard ratios (HR) of category-specific cancer incidence, comparing rotating shift to day workers. [95% CI=95% confidence interval]

Model 1 a Model 2 b Model 3 c

HR 95% CI HR 95% CI HR 95% CI

All sites (except for non-melanoma skin) cancer 1.02 0.89–1.18 0.98 0.85–1.13 1.04 0.89-1.21
Lip, oral cavity and pharynx (C00-C14) 0.85 0.44–1.67 0.73 0.37–1.47 0.76 0.37-1.61
Esophagus (C15) 2.46 0.89–7.21 1.91 0.70–5.55 2.85 1.01-8.81
Stomach (C16) 1.30 0.60–2.83 1.21 0.55–2.74 1.15 0.49-2.72
Colon and rectum (C18-C21) 1.13 0.76–1.69 1.24 0.81–1.88 1.33 0.86-2.06
Pancreas (C25) 1.51 0.59–4.03 1.38 0.53–3.79 1.05 0.40–2.87
Larynx (C32) 1.42 0.43–4.66 1.29 0.38–4.46 1.31 0.36–4.84
Lung/bronchial system (C33-C34) 1.21 0.73–2.02 0.92 0.55–1.54 0.93 0.54-1.63
Malignant melanoma (C43) 0.51 0.26–0.95 0.52 0.26–0.99 0.53 0.26-1.04
Prostate (C61) 0.89 0.69–1.14 0.85 0.66–1.09 0.93 0.71–1.21
Testis (C62) 0.93 0.46–1.85 0.91 0.44–1.84 0.90 0.44–1.85
Kidney, except renal pelvis (C64) 1.21 0.59–2.46 1.22 0.58–2.55 1.21 0.56–2.62
Urinary tract (C64-C66+C68) 1.06 0.54–2.05 1.12 0.56–2.23 1.11 0.54–2.29
Bladder (C67, D09.0, D41.4) 1.05 0.66–1.68 0.94 0.59–1.52 1.01 0.61–1.68
Non-Hodgkin’s lymphoma (C82-C85) 2.12 0.81–5.83 1.81 0.69–5.00 1.57 0.58–4.48
Leukaemia (C91-C95) 2.81 0.99–9.35 3.15 1.06–11.19 2.74 0.89–9.98
Others 0.99 0.97–1.03 0.99 0.97–1.03 0.99 0.97–1.03
a Controlling for age and job level.
b Controlling for age, job level, and cigarette smoking.
c Controlling for age, job level, cigarette smoking, and employment duration in categories.
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the internal comparison varied between 2.74–3.15, and 
from marginal non-significance to significance, depend-
ing upon the model. This was on the one hand due to the 
limited number of cases and, on the other hand, lay in 
the fact that the SIR have methodological fallacy with 
respect to comparability between the study population 
and the reference population. Nevertheless, it is not pos-
sible to rule out residual confounding associated with 
shift status completely, either in the internal or external 
comparison. To date, only one study (12) addressed the 
risk of NHL in relationship to night work, assessed by 
means of the Finnish JEM. The etiology of leukemia and 
NHL is, however, not well understood. The observed 
increased risks might possibly be linked to the exposure 
to chemical substances, eg, benzene at the workplace 
and the exposure may not have been evenly distributed 
between the shift and day cohorts. In the present study, 
it was not possible to adjust for this potential confounder 
because, due to data protection concerns, information 
about workplace related exposures had to be dealt with 
anonymously. A real effect of shift work can therefore 
not be ruled out with confidence. Recently, the hypoth-
esis was put forward that the clock gene (Per2), which 
determines the circadian expression, was linked to can-
cer and to NHL in particular (34). Another hypothesis 
is that shift work might modify the toxic mechanism 
of benzene during the night time. Based on the limited 
numbers of leukemia and NHL cases, a more in-depth 
investigation is desirable but not realistic at present.

Few existing studies have reported the risk of colorec-
tal cancer. The present study does not suggest an increased 
colorectal cancer risk after either internal or external 
comparison. Our finding is in accordance with the studies 

among men and women (32, 35), with the exception that 
the case–control study found 2-fold increased risks both 
for colon and rectum cancer in "ever night" workers (7). 

Limitations and strengths 

The present study is a large retrospective cohort study 
with cancer diagnoses retrieved from a cancer registry, 
based on mandatory reporting by general practitioners, 
diagnosing institutions and the use of death certificates. 
The completeness of reported cancer cases was estimated 
to be about 80%. Despite the on-going improvement of 
cancer registry completeness, incompleteness of cancer 
registration may introduce bias and loss of statistical 
power. A differential reporting of cancer cases to the 
registry based on shift status is however improbable. 
A similar percentage of shift and day workers live in 
Rhineland-Palatinate and elsewhere, so that the exclusion 
of workers residing in a neighboring state affected both 
groups evenly and was unlikely to have introduced bias 
but rather led to an additional loss of statistical power. 

Possible misclassification of exposure status is a 
major concern in the present study and generally in shift 
work research. In the majority of literature on shift work, 
the exposure to shift work was measured via self-report 
or JEM. Validation studies have usually not been carried 
out. Information from JEM and survey about relevant 
exposures in shift work studies was considered to be 
rather crude (36). In the present study, information on 
exposure to shift work after since start of employment 
in the company was retrieved from the personnel data, 
which could be considered to be objective and therefore 
a strength of the present study. The complete job histo-

Table 3. Standardized incidence ratios (SIR) of rotating shift and day workers compared with the incidence rates of male population of 
Rhineland-Palatinate. [Obs=observed number; Exp=expected number; SIR=age-standardized incidence ratio; SIRR=ratio of SIR; 95% 
CI=confidence interval] 

Shift Day Shift versus day

Obs Exp SIR 95% CI Obs Exp SIR 95% CI SIRR 95% CI

All sites (except non-melanoma skin cancer) 518 478.0 1.08 0.99–1.18 555 589.6 0.94 0.86–1.02 1.15 0.97–1.36
Lip, oral cavity, and pharynx (C00-C14) 23 24.9 0.92 0.59–1.39 21 31.1 0.68 0.42–1.03 1.35 0.72–2.60
Esophagus (C15) 14 10.9 1.28 0.70–2.15 7 13.6 0.51 0.21–1.06 2.51 0.94–7.31
Stomach (C16) 17 16.0 1.06 0.62–1.70 16 19.7 0.81 0.46–1.32 1.31 0.62–2.77
Colon and rectum (C18-C21) 69 64.0 1.08 0.84–1.36 68 78.5 0.87 0.67–1.10 1.24 0.88–1.77
Pancreas (C25) 12 12.3 0.98 0.50–1.71 10 15.2 0.66 0.31–1.21 1.48 0.59–3.83
Larynx (C32) 7 9.4 0.74 0.30–1.53 7 11.8 0.59 0.24–1.22 1.25 0.38–4.19
Lung/bronchial system (C33-C34) 46 65.5 0.70 0.51–0.94 39 81.1 0.48 0.34–0.66 1.46 0.93–2.30
Malignant melanoma (C43) 27 24.7 1.09 0.72–1.59 40 30.2 1.33 0.95–1.81 0.82 0.49–1.38
Prostate (C61) 146 101.3 1.44 1.22–1.70 191 126.6 1.51 1.30–1.74 0.95 0.76–1.19
Testis (C62) 16 15.6 1.02 0.58–1.66 22 18.6 1.18 0.74–1.79 0.86 0.43–1.73
Kidney (except renal pelvis) (C64) 24 18.9 1.27 0.81–1.89 21 23.3 0.90 0.56–1.38 1.41 0.75–2.66
Urinary tract (C64-C66+C68) 26 20.8 1.25 0.81–1.83 25 25.6 0.98 0.63–1.44 1.28 0.71–2.31
Bladder (C67, D09.0, D41.4) 49 30.3 1.61 1.19–2.13 46 37.1 1.24 0.91–1.65 1.30 0.85–1.99
Non-Hodgkin’s Lymphoma (C82-C85) 15 13.9 1.08 0.60–1.78 12 16.9 0.71 0.37–1.24 1.52 0.66–3.56
Leukaemia (C91-C95) 16 10.6 1.51 0.87–2.46 6 12.8 0.47 0.17-1.02 3.21 1.20–10.05
Others 19 27.9 0.68 0.41–1.06 26 34.3 0.76 0.50–1.11 0.89 0.47–1.69
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ries, however, were not digitally recorded before 1995 
and therefore not routinely available. For this reason, a 
random sample from the cohort was drawn to estimate the 
potential misclassification error of exposure assignment 
and to quantify the exposure duration. Briefly, 5% of the 
day workers (as defined in the study) have transferred at 
least once to shift work while 18% of the shift workers 
have transferred to day work. In a mixed-case scenario 
of sensitivity analysis, an error rate of exposure duration 
was calculated as 2.2% and 11.6%, respectively, for the 
sub-cohorts of day and shift work. We therefore think 
that the resulting bias is limited. Information on potential 
exposure to shift work prior to this employment is unfor-
tunately not available. The fact that the respective median 
age at start of employment in BASF was 17 and 23 years, 
respectively, among day and shift work cohorts (table 1) 
also suggests minor potential for bias.  

In the present study, stochastic record linkage using 
encrypted identifiers was used for case-finding, since 
no national individual identification number is avail-
able. Most German cancer registries use this method 
to link notifications pertaining to the same person or 
cancer. Matching scores between pairs of data records 
are computed to judge if two notifications pertain to the 
same individual. Potential errors could be introduced 
by erroneously linking records from distinct individu-
als (homonym errors) and failure to link records on the 
same individuals (synonym errors) (37). Error rates for 
both types of errors were investigated in preparative 
work and found to be reasonably low. The matching 
scores of the cohort members that were matched to 
records from the cancer registry were categorized into 
good, moderate, and poor. All matches were reviewed 
by trained registry staff. Among a total of 1073 cancer 
cases, 1035 (96%), 32 (3%), and 6 (1%) as well as 
among the subgroup of 337 prostate cancer cases, 322 
(95%), 12 (4%), and 3 (1%) were respectively classified 
into good, moderate, and poor. Hence, the potential for 
homonym or synonym errors is low.

A possible healthy worker effect is a major issue 
in epidemiological research of shift work. It may be 
induced through both initial and on-going selection 
based on health-related criteria into, or out of, shift or 
day work. However, the magnitude of a select-in effect 
is presumably not large, because later cancer risks are 
not easily predictable at the time of initial employment, 
and the mere presence of risk factors for cancer are 
usually not a criterion for the selection into or out of 
shift work. To correct a potential on-going selection due 
to differentially declining health status, the method to 
include a term for employment duration in regression 
models (38) was adopted in the present study. The issue 
of healthy worker effect in cancer mortality has been 
discussed thoroughly in our previous paper (27). 

In reference to the general population, a serious 

underestimation of the cancer risk in a given working 
population is generally assumed. A large cohort of ran-
domly selected Norwegian workers indicated an under-
estimation of overall cancer incidence (SIR 0.91, 95% 
CI 0.89–0.93) among male workers but potential for 
both under- and overestimation for some sites of cancer 
(39). The direction of false estimation depends partly on 
the occupational exposure and the lifestyle factors that 
are potentially related with the occupation. All these 
factors cannot be adjusted for with respect to SIR. This 
fact underlines the advantage of an internal comparison 
within a comparatively homogeneous population, which 
represents a strength of the present study. 

While comparability to the general population is 
probably limited, the present study focuses on the inter-
nal comparison between the day and shift work cohorts. 
To handle the issue of internal comparability, firstly we 
restricted the study population to production employ-
ees to achieve maximum comparability with respect to 
occupational risk profiles, socioeconomic status, and 
age distribution. Secondly, employment duration was 
adjusted for, assuming that employment duration is a 
proxy for work-related health risks (eg, handling of 
chemicals), which should mostly be comparable in both 
groups. Finally, information regarding both exposure 
and outcome was collected from personnel records and 
medical data. This differs substantially from other stud-
ies gathering information via questionnaires or JEM, and 
hence excludes recall bias as a potential source of error.

To summarize, this large retrospective cohort study 
did not show an increased risk of cancer at all sites 
or site-specific cancers in relation to shift work. The 
inconsistency across studies done to date raises again the 
question about the etiologic role of shift work in asso-
ciation with cancer. In particular, the impact of different 
shift schedules merits more consideration with respect to 
circadian disruption in future studies. The shift systems 
examined in our study are fast forward-rotating, with 
night work always followed by a resting period of 24 
(old system) or 48 (new system) hours, respectively. 
Thus, the number of sequential night shifts is never more 
than one. These shift systems are not representative of 
all industries. Therefore, our results may not simply be 
extrapolated to other populations of shift workers and 
cannot serve to dismiss concerns about the health haz-
ards of shift work in general.
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