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In October of 2007, an IARC panel of 24 scientists systematically evaluated epidemiologic, experimental, and 
mechanistic data and concluded that shift work that involves circadian or chronodisruption is probably carcino-
genic in humans. In view of the possible scope of the problem—shift work is widespread and unavoidable on 
one hand and breast cancer and prostate cancer, which may be causally associated with chronodisruption, are 
epidemic worldwide on the other—German representatives of science and occupational medicine discussed the 
experimental and epidemiologic background and possible implications of the challenge identified by the Inter-
national Agency for Research on Cancer (IARC) at a colloquium in Cologne in September 2008. This overview 
summarizes the key ideas presented at the Cologne Colloquium and offers 10 theses concerning the need for 
targeted studies and the necessity to develop possible means of prevention. 

Key terms   breast cancer; circadian disruption; International Agency for Research on Cancer (IARC); prostate 
cancer; prudent avoidance.

1	 Institute and Policlinic for Occupational and Social Medicine, School of Medicine and Dentistry, University of Cologne, 
Köln, Germany.

2	 Institute for Occupational Epidemiology and Risk Assessment of Evonik Industries AG, Essen, Germany.
3	 Gesundheitswesen, AUDI AG, Ingolstadt, Germany.
4	 Institut für Industriebetriebslehre und Industrielle Produktion (IIP), Universität Karlsruhe (TH), Karlsruhe, Germany.
5	 Medizinischer, Dienst, Deutsche Lufthansa AG, Frankfurt, Germany.
6	 C-ES–OH Umwelt, Sicherheit, Gesundheit Evonik Industries AG, Frankfurt, Germany.
7	 C-ES–OH Umwelt, Sicherheit, Gesundheit Evonik Industries AG, Essen, Germany.
8	 Arbeitsmedizinisches Zentrum Hirschbach, RAG Deutsche Steinkohle, Sulzbach-Saar, Germany.

Correspondence to: Dr TC Erren, Institute and Policlinic for Occupational and Social Medicine, School of Medicine and 
Dentistry, University of Cologne, Kerpener Str. 62, 50937 Köln, Germany. [tim.erren@uni-koeln.de]

Following a diligent review of abundant experimental 
and limited epidemiologic evidence, a panel of 24 sci-
entists from 10 countries convened by the International 
Agency for Research on Cancer (IARC) recently clas-
sified shift work involving circadian disruption as prob-
ably carcinogenic to humans (group 2A) (1). With some 
15–20% of the workers in North America and Europe 
engaged in shift work, predominantly in health care, 
industry, transportation, communications, and hospital-
ity work, this overall evaluation can have far-reaching 
consequences. 

Intriguingly, the IARC experts identified several 
biologically plausible lines of mechanistic causation or 
determination, including “exposure to light at night”, a 

feature common in night work, “disturbs the circadian 
system with alterations of sleep-activity patterns, sup-
pression of melatonin production and deregulation of 
circadian genes involved in cancer-related pathways 
[p 1065]” (1). Straif and his colleagues concluded in 
Lancet Oncology that “among the many patterns of shift-
work, those including nightwork are the most disruptive 
for the circadian clock [p 1065]” (1). 

Now, biological 24-hour rhythms allow organisms, 
including humans, to tune physiology to daily cycles 
of sunlight and darkness, of day and night. That proper 
circadian regulation is essential for the well-being of or-
ganisms is beyond doubt (2). Importantly, central timing 
and an appropriate coordination of circadian rhythms is 
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achieved by a circadian master clock in the brain, which 
collectively sets or governs—similar to Greenwich mean 
time, which provides the reference time, independent 
of the geographic location, for billions of other clocks 
in the world—a plethora of peripheral clocks. In doing 
so in response to ambient light, the circadian master 
clock coordinates tissue- and organ-specific 24-hour 
rhythms that would otherwise act independently of one 
another (3). The light-dependent master clock or master 
circadian pacemaker was identified in the early 1970s, 
namely, in the suprachiasmatic nuclei of the anterior 
hypothalamus (4), and has been qualified thereafter as 
a tumor suppressor (5). Failures to coordinate periph-
eral rhythms via the suprachiasmatic nuclei can lead to 
circadian or chronodisruption, a relevant disturbance of 
the circadian organization of physiology, endocrinology, 
metabolism, and behavior, which links light exposure, 
shift work, biological 24-hour rhythms, and the develop-
ment of internal cancers in a biologically plausible way. 
[An overview of the experimental work can be found in 
a paper by Erren et al (6).] 

Clearly, the experimental and mechanistic evidence 
for biologically plausible causal links is compelling and 
has been the driving force for the IARC classification. 
Equally clearly, the epidemiologic evidence to date is too 
limited to contribute much to causal considerations. 

Remarkably, today’s compelling experimental evi-
dence on which IARC primarily based their group 2A 
classification provides an unusual situation for epide-
miologic researchers. Indeed, in many—if not most—in-
stances, epidemiologists have to embark on so-called 
black-box epidemiology (7) (ie, we may suspect that 
there is a causal mechanism but its approximate—let 
alone precise—nature is as yet unknown). In this in-
stance, however, several biological mechanisms have 
been established in animal and cell experiments and 
now await demonstration as to whether they are valid 
for humans and have relevance for public health or not. 
Importantly, if one or more of the suggestive biological 
mechanisms were to be substantiated for humans, this  
substantiation could provide a biological rationale for 
interpreting any associations between shift work and 
cancers observed in epidemiologic studies as reflecting 
a cause and effect phenomenon. 

A dilemma of shift work and chronodisruption research

With their 2007 classification, IARC strongly called for 
epidemiologic research into the biologically probable 
nexus of shift work involving chronodisruption and two of 
the three most epidemic cancers in Germany and world-
wide, namely, breast and prostate cancer (GLOBOCAN 
2002. www-dep.iarc.fr/globocan/database.htm, 8, 9, 10). 
Empirically, recent meta-analyses evinced that—in line 
with predictions following from the chronodisruption 

hypothesis or theory—not only breast cancer [the sum-
mary relative risks for investigations of flight personnel 
and shift workers suggested a respective 70% and 40% 
increase, respectively, in the risk (6)], but also prostate 
cancer risks appear to be significantly increased [sum-
mary relative risks for investigations of flight personnel 
conveyed a 40% increase in the risk (6)], likely exposed 
to chronodisruption via transmeridian, time-zone travel 
and shiftwork conditions. On the other hand, a large 
cohort study of cancer risk in Sweden, published only 
in October of 2007 and thus not included in these meta-
analyses, found no evidence for an association between 
shift work and breast or prostate cancer (11). However, 
the authors, and an accompanying editorial (12), pointed 
to shortcomings of this ecological study, in particular 
with regard to the possible misclassification of exposure 
as a consequence of the used aggregated, rather than 
individual, exposure information. 

The exposure pitfall actually highlights the problem 
that IARC insights published so far (detailed results are 
envisaged for volume 98 of the IARC monograph series) 
do not provide us with any indication as to what “dose” 
or precise type of shift work and what “dose” or type and 
extent of possibly associated chronodisruption may be 
actually a part of the suspected causal chain(s) leading 
to cancer developments.

In principle, the observed 70% increase in the risk 
of breast cancer among female flight personnel versus a 
40% increase in risk among women who do shift work 
(6) may be due to the higher “dose of chronodisruption” 
among the former. In fact, shiftwork conditions that the 
former may share with the latter could be compounded 
by rapid “extra-chronodisruption” via extended time-
zone travel (putting aside a conceivable synergy with or 
potential confounding by cosmic radiation). In any case, 
information as to what “dose” of shift work and associ-
ated chronodisruption may be relevant could be critical 
for the identification of prevention strategies. 

Indeed there can be no doubt that shift work is in-
evitable in today’s world—at work and at home. But, 
equally clearly, in a political climate, in which the 
European Commission decided recently that working 
up to 65 hours per week can be acceptable (European 
Commission 2008: available at http://euobserver.com/
9/26289?rss_rk=1), workers alarmed by the IARC clas-
sification are entitled to more insight via epidemiologic 
studies, be it that these strengthen or, indeed, weaken 
the overall evidence for a carcinogenicity of shift work 
involving chronodisruption (13). 

Against this background, a dilemma of research on 
shift work and chronodisruption certainly is that we must 
strive to arrive at some answers regarding the “probable” 
causation of human cancers both reliably and quickly. 
As prospective studies might take decades to provide 
definitive observational insights, a promising alternative 
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may be to use retrospective investigations. Ideally, such 
studies would not only investigate possible risk relation-
ships between shiftwork conditions, chronodisruption, 
and cancer in their own right, but should also help, in 
a time-efficient way, shape further studies. Indeed, so 
far little information is available, and none has been 
published by IARC on the type of shift work that would 
be the likely culprit, apart from shiftwork patterns, in 
which those “including nightwork are the most disrup-
tive for circadian rhythms [p 1065]” (1). To take but one 
example, it is not even unambiguously settled whether 
forward or backward shift rotation is less favorable (14) 
although there is some “support for the use of forward-
rotating shift systems in preference to backward-rotating 
shift systems [p 197 in 15]” (15–17). 

Epidemiologic research options

In the chemical, steel, and automobile industries, in 
which the workforce is predominantly male, there are 
only three studies to date with limited information on 
prostate cancer risks (11, 18, 19). Yet, since no occupa-
tional confounders are known (10, 20), prostate cancer 
studies appear to offer a good opportunity with which to 
investigate the effects of chronodisruption. 

It is therefore proposed that well-defined and well-
documented occupational study populations be revisited 
with the objective of employing as much information 
on work regimes as possible. In this vein, a German 
research group will try to build upon a coal-miner study 
(21, 22) to explore possible relationships between shift 
work and the incidence of prostate cancer. Among 
4261 coal miners from the Saar area, 87 incident cases 
of prostate cancer were identified via the Saar cancer 
registry during a follow-up from 1980 to 2002 (110.4 
expected number of cases, standardized incidence ratio 
of 0.79, and 95% confidence interval of 0.63–0.97). The 
coal miners worked under a rather stable shift system, 
and documentation about the type of individual shifts 
appears to be available back to 1980. The approach is 
now to go back to this well-monitored Saar cohort and 
analyze the prostate cancer incidence rates in light of 
the envisaged shiftwork information. Empirically, what 
we exemplify with the German cohort has precedence 
insofar as there was a short contribution by Conlon and 
his colleagues last year. Instigated by the study of Kubo 
et al (18) on prostate cancer risks among rotating shift 
workers, they went back to their case–control study 
information and offered additional analyses for which 
they used previously unconsidered information on full-
time rotating shift work (19). It must be emphasized that, 
when well-defined occupational studies are revisited, the 
study population information should neither be excluded 
nor included because the overall relative risk estimate 
for prostate cancer is below or above 1, respectively. In 

fact, it is important to obtain unbiased epidemiologic 
results, irrespective of prior study results without con-
sideration of shiftwork information. If diligent consid-
eration of shiftwork information in the Saar cohort with 
an overall standardized incidence ratio of 0.79 were to 
show that a significant proportion of coal miners were 
engaged in shift work, then this study population might 
provide evidence against shift work being a risk factor 
for prostate cancer. 

The suggested industry-based cohort studies should 
be complemented by population-based cohort and case–
control studies. However, since exposure information 
will likely be obtained exclusively via a questionnaire 
rather than from company records, the latter should be 
viewed as hypothesis-generating and hypothesis-focus-
ing options rather than as investigations to assess precise 
risks. For example, questionnaire-based case–control 
studies can be prone to additional self-selection bias 
among the controls and to recall bias among the cases 
(23). On the other hand, population-based studies can be 
helpful to look at a wider range of shift work in different 
types of jobs and different socioeconomic groups.

Moreover, for effective research into the possibly 
causal nexus of shift work, chronodisruption, and hu-
man cancers, it is desirable to develop biomarkers, both 
for studying the possible links and for showing the ef-
fectiveness of means of preventing chronodisruption. 
Preferably, these biomarkers must not only allow the 
assessment of the presence or absence of chronodisrup-
tion, but also the quantification or dose of chronodis-
ruption. We should therefore identify biomarkers that 
enable both the “backward” process of associating it 
with exposure to shift work and the “forward” process 
of linking it with cancer and other adverse health ef-
fects. Note that there can be numerous biomarkers that 
may convey facets of a disrupted physiology and could 
thus be useful as a biomarker of exposure (candidates 
include body temperature, melatonin, cortisol) but may 
have a low or no predictive value as a biomarker of the 
diseases in question, namely, breast and prostate cancer. 
Alternatively, there could be biomarkers of effect that 
are expressed long after exposure, and they may prove 
to be very useful in predicting the onset and progression 
of disease or for calculating risk. Finally, biomarkers 
could be markers of susceptibility that describe the 
ability of a person to cope with exposure. Because the 
role of candidate biomarkers (exposure, disease, or 
susceptibility marker) is usually unknown, an appropri-
ate analysis is difficult or even impossible (23). Animal 
models should be employed to provide an understanding 
of the mechanistic bases of the expression of markers 
and the relationships between the continuum (early and 
late effects) from exposure to disease and to develop 
hypotheses about how to use the biological markers in 
epidemiologic studies. 
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Elsewhere, it has already been proposed that IARC 
or the National Institute of Environmental Health Sci-
ences (24) convene a panel of experimental and epide-
miologic researchers to develop shiftwork and chro-
nodisruption exposure metrics that are valid for epide-
miologic research into chronodisruption and cancer and 
other diseases (13, 25) and could allow a comparison 
and merging of individual study results. Such authori-
tative suggestions on possibly relevant details of shift 
work and chronodisruption would have to be based on 
theoretical and practical considerations; the candidate 
information could include length, type, direction, and 
regularity, but also the workers’ ages, medication, toler-
ance, exercise, and the like. In addition, please note that 
there is recent, intriguing evidence that, beyond a light-
dependent circadian clock, there is a second circadian 
master clock that is governed by food availability (26). 
What was long-anticipated by shiftwork researchers 
earlier, namely, that food provision can play a critical 
Zeitgeber role in the entrainment of workers’ biological 
24-hour rhythms to shiftwork conditions, now has a 
neuroanatomical correlate in another region of the afore-
mentioned hypothalamus, namely, a second circadian 
master clock appears to be located in the dorsomedial 
nucleus of the hypothalamus. This finding actually im-
plies that epidemiologists may also have to assess, for 
instance, via appropriate questionnaire information, 
when and what shift workers have eaten (retrospective 
studies) and eat (prospective studies). But there could 
be even more to consider in terms of when to act and 
when to study. 

A case for preventive action?

According to the contributors to the Cologne Collo-
quium 2008, there can be no doubt that today’s evidence 
of both a light- and food-entrainability of circadian 
rhythms should not only soon lead to targeted research, 
but also to the development of possibly preventive mea-
sures for shift workers. With regard to suspected food-
dependent circadian clues, Stokkan and his colleagues 
(27) suggested, already in 2001, that “Major complaints 
of shift workers and time zone travelers often involve 
gastrointestinal symptoms, which might be alleviated by 
careful attention to meal timing [p 492]” (27). With the 
group 2A classification of IARC for shift work involv-
ing circadian or chronodisruption as a probable human 
carcinogen, the case for preventive actions seems even 
stronger today. In fact, we should not have to wait until 
we have definitive “scientific proof” that the biologically 
plausible links between chronodisruption, endocrine sys-
tems, and cancers in shift workers are causal but could 
develop means of prudent avoidance of chronodisruption 
now. A quote from Sir Bradford Hill may be in order 
here: “All scientific work is incomplete—whether it be 

observational or experimental. All scientific work is li-
able to be upset or modified by advancing knowledge. 
That does not confer upon us a freedom to ignore the 
knowledge we already have or to postpone the action 
that it appears to demand at a given time [p 300]” (28). 

In the latter vein, examples as to how to alleviate 
chronodisruption, and its effects, were provided by 
Foster & Kreitzman (14) when they suggested coping 
with jet lag and, by implication, shift lag and possible 
chronodisruption by seeking out or hiding from daylight 
or by taking melatonin at a particular time of day. This 
advice may—and possibly should—soon be comple-
mented by a practical focus on the second critical cue 
to circadian rhythmicity, namely, when and what to eat 
as a shift worker. 

But, most importantly, in addition to the consid-
eration of relatively novel insights, possible means of 
mitigating or preventing chronodisruption can build on 
abundant shiftwork research over many decades. Indeed, 
the IARC classification should help to overcome the 
sometimes irrational resistance of those who work at 
unusual times in shifts and at night with respect to the 
sound advice as to how to design shiftwork schedules 
more appropriately for workers of different ages (ie, 
with presumably less adverse health effects). For ex-
ample, shift workers should be asked about when they 
prefer to sleep so that work schedules can be allocated 
accordingly (29, 30). 

Conclusions of the Cologne Colloquim Contributors

Taken together, when IARC concluded in October of 
2007 that “shift work that involves circadian disruption 
is probably carcinogenic to humans [p 1065]”, it was 
taken by the contributors to the Cologne Colloquium as 
a call for both epidemiologic research and, implicitly, 
preventive measures. Unfortunately, the full IARC report 
providing additional background to and more details 
on their decision beyond what was published in Lancet 
Oncology (1) will take some time to appear in print. 
However, the participants at the Cologne Colloquium 
2008 (IARC 2007: Shift Work, Chronodisruption and 
Cancer? Questions for Occupational Medicine) had no 
doubt that the available evidence suggests that this topic 
will be an area of extensive interest, debate, and needs 
for possible mitigation in coming years. Indeed, there 
are two driving forces for future research, fascinating 
experimental work to elucidate the interfaces between 
light, biological rhythms, and downstream beneficial 
and adverse effects on one hand and the epidemiologic 
necessity to investigate the disconcerting possibility that 
breast and prostate cancers, and other disease end points, 
could be causally associated with widespread shiftwork 
conditions on the other. Key results of this meeting are 
summarized in the following 10 theses. 
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Thesis 1. Circadian or chronodisruption and possible 
causal links with diseases, including cancers, constitute 
a global challenge for the future (31). Experimental 
evidence of the links has been established in animal 
models. 

Thesis 2. As a basis for both necessary research and the 
development of means of prevention, we will need to 
identify which aspects, if any, of shift work, chronodis-
ruption, and individual susceptibility can be relevant 
to the postulated chain(s) of causation that may lead to 
human cancer. 

Thesis 3. The results of six of eight epidemiologic stud-
ies indicating a statistically significant, albeit moderate, 
increase in the risk of breast cancer among shift work-
ers await confirmation. Moreover, in line with an IARC 
press release (International Agency for Research on Can-
cer press release no 180, 5 December 2007. Available 
at: http://www.iarc.fr/en/Media-Centre/IARC-Press-
Releases/Communiques-recents/IARC-Monographs-
Programme-finds-cancer-hazards-associated-with-shift-
work-painting-and-firefighting), we do need studies that 
examine potential risks beyond “breast cancer” and in 
professions beyond “nurses and flight attendants”. To 
this end, research groups should investigate the pos-
sibility of adding shiftwork information, as detailed as 
possible, to their established industry-based databases 
and using them in further analyses of prostate (or other) 
cancer risks. At the very least, this could be an option 
for defining study variables describing chronodisruption 
due to shift work and to test the appropriateness of such 
variables. Ultimately, this initiative may help to meet 
the challenge identified by IARC in October of 2007, 
namely, to conduct targeted studies and to develop pos-
sible means of prevention. 

Thesis 4. Population-based studies with retrospective 
exposure assessment via questionnaires or interviews 
should complement industry-based epidemiologic re-
search using exposure data that is documented in an 
independent fashion. They will likely be heuristic or 
hypothesis-generating and hypothesis-refining in nature 
rather than yielding precise risk estimates. 

Thesis 5. More generally, it must be rigorously inves-
tigated whether biological candidate mechanisms that 
have been identified in animal and cell experiments 
are at work in humans and have relevance for public 
health or not. More specifically, for effective research 
into the possible causal nexus of shift work, chronodis-
ruption, and human cancers, it is desirable to develop 
biomarkers. They could be a critical means to the fol-
lowing two ends: (i) studying the possible links and (ii) 
showing the effectiveness of measures for preventing 

chronodisruption. However, general limitations of the 
use of markers in epidemiologic studies should be 
considered. 

Thesis 6. Experimental and epidemiologic researchers 
should consult with shiftwork researchers to identify, 
in an a priori fashion, possible shiftwork exposures 
that are more or less prone to lead to chronodisruption. 
Excessive modeling of shift exposure metrics could 
lead to data dredging and should be avoided (32). IARC 
or the National Institute of Environmental Health Sci-
ences could convene a panel of researchers to develop 
shiftwork and chronodisruption exposure metrics that 
are valid for observational studies into chronodisruption 
and cancer, and other diseases. For instance, it is impera-
tive to record more precisely, in a systematic fashion, 
shiftwork schedules worked and the time actually spent 
in such regimes.

Thesis 7. Occupational physicians should consult with 
shiftwork researchers about what shift work regime is 
the most favorable with regard to reducing or eliminat-
ing chronodisruption and as to how to persuade shift 
workers of the necessity and health benefits of such 
regimes. 

Thesis 8. Female and male workers may benefit from 
preventive measures via shift organization not only with 
regard to the putative, albeit as yet not definitive, links 
between chronodisruption and cancer, but also with 
regard to the well-documented short- and medium-term 
adverse health effects of chronodisruption, such as sleep 
or gastrointestinal disturbances. 

Thesis 9. Occupational physicians should be diligently 
informed about the 2007 IARC classification, its scope, 
its current limitations, and its future implications. 

Thesis 10. The German Society for Occupational Medi-
cine and Environmental Medicine (DGAUM) should 
consider having a working group that coordinates sys-
tematic and concerted responses to the IARC challenge, 
with regard to both research and preventive measures. 
In a near(er) future, medical screening does not appear 
to be a preventive option. 
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