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Summary 
 
A cohort study of German nuclear power workers was set up to investigate 
overall and cancer mortality risk related to a chronic exposure to ionising 
radiation of low-level dose. 
 
The German study was performed as a part of an international study carried 
out by the International Agency for Research on Cancer (IARC), Lyon. First 
results of the international study have been  published recently [1]. German 
data are not yet included in this analysis. 
 
The German cohort consists of 4844 employees from 10 nuclear power plants. 
All persons who worked in these nuclear power plants in 1991 or started 
employment between 1991 und 1997 are included (except for employees of 
one plant, whose observation period started in 1992). These persons 
accumulated about 31,000 person years. Overall, 68 deaths were observed in 
the observation period between 1.1.1991-31.12.1997.  
 
Standardized mortality ratios (SMR) were computed for all causes of death, all 
cancers, cardiovascular diseases, external causes, and all other causes. 
 
Overall, a strong healthy worker effect was observed (SMR=0.52 [95% CI: 
0.41;0.67]). No increase in total cancer mortality was seen (SMR=0.85 [95% 
CI: 0.53;1.30]). However, numbers are too small for stable risk estimates and 
further effort is under way to complete the cohort in terms of power plants 
and to extend the follow-up until 2005 
 
 
Introduction 
 
Besides the fields of medicine and research, ionising radiation is used in a 
large number of industrial applications. As in every working field a risk 
analysis has to be carried out which need to include  the risk caused by 
occupational exposure to ionising radiation. By supporting this study, the 
Institution for statutory accident insurance and prevention 
(Berufsgenossenschaft der Feinmechanik und Elektrotechnik) fulfils one of its 
legal responsibilities to analyse occupationally related risk factors [2]. 
 
It is well known that ionising radiation can cause cancer. Radiation protection 
is until now mainly based on results of the Life Span Study (LSS), the survivors 
from the bombing in Hiroshima and Nagasaki. But in contrast to the single 
exposure of a high dose rate, employees in the nuclear industry are essentially 



chronically exposed with low dose rates over a number of years. Effects of low 
dose radiation are, however, difficult to investigate as sample sizes of 
epidemiological studies need to be large if the expected risk is small. Most 
studies in the past were too small to see a statistical significant effect after 
exposure to low dose radiation. To overcome this problem the International 
Agency for Research on Cancer (IARC) has initialised an international cohort 
study. In a first analysis the data of 15 countries were combined [1]. German 
data were not included in that first analysis. Results of the analysis of a sub-
cohort of the German nuclear workers are presented in the following. 
 
 
Material & Methods 
 
The data of the German study were collected in accordance with the study 
protocol of the international Study carried out by IARC [3]. Details of the 
study protocol are described elsewhere [3]. Briefly, the cohort includes 
nuclear power plants for which individual dosimetry is available. Data 
collection includes demographical variables such as date of birth and sex, 
occupational data such as dates of employment, and annual doses of external 
radiation. The fundamental data are the data of employees of the German 
nuclear Power Plants (NPP). The data have been collected in connection with 
the organisation of medical examinations after leaving the job as occupational 
exposed person [4], [5]. In the presented analysis the data of those persons 
are taken into consideration who had worked as occupational exposed person 
in the time between January 1st 1991 and December 31st 1997 in one of 10 
German NPPs. In the case of one NPP the observation time started at January 
1st 1992. 
 
The dose of the personnel is essentially caused by external higher energy 
photon radiation (e.g. Co-60, about 1.2 MeV) 
 
Data was collected from personnel departments of the single NPP. 
Additionally, annual doses were gathered from the departments of radiation 
protection and dosimetry. The matching of these two separate data sets 
turned out to be rather difficult and took considerably longer than initially 
thought. 
 
The follow-up for vital status was carried out, as usual in Germany, via 
inquiries to the compulsory population registry of the municipality of last 
known residence. In case of death, a copy of the death certificate from the 
local health authority of the place of death was requested. Since these 
certificates are kept for different periods of time in various federal states, 
not all causes of death could be obtained. Following that procedure, an 
anonymised data set was compiled for analyses. That data set contains the 
date of birth, the sex, the date of last known vital status and the vital status, 
the annual doses, doses related to occupational radiation exposure before the 
observation period, and, in case of death, the ICD-Code 9. 
 
The mortality of the cohort was compared with the mortality of West 
Germany by computing standardized mortality ratios (SMR). SMRs were 
computed for all causes of death, all cancers, cardiovascular diseases, 



external causes, and all other causes. The method of Rittgen and Becker [6] 
was used to compute “corrected” figures, accounting for the fact that the 
cause of death could not be recorded for a number of persons. Briefly, the 
number of observations of known causes is multiplied with a correction factor 
p, so that the sum of the corrected number observations equals the total 
number of observations. Confidence limits were corrected accordingly. All 
statistical analyses were performed using the SAS software [7]. 
 
 
Results 
 
The cohort consists of 4,844 persons working at one of the 10 included NPPs in 
the observation period. The mean follow-up time was 6.36 years. The mean 
age of workers at end of follow-up was 44 years. 
 
At the end of the observation period 3,996 (82.5%) of the 4,844 persons were 
still working as occupational exposed persons. For the remaining 848 persons, 
a follow-up was carried out and the vital status was determined with a 
completeness of 99.8%. 68 deaths occurred during the observation period, the 
cause of which could not be obtained in 4 cases. The results are given in Table 
1. 
 
Vital status No. % 
Alive at December 31st 1997 778 91.7 
Dead at December 31st 1997 68 8.1 

(Cause of death is known: 
64) 

 

Lost of follow-up 2 0.2 
Total 848 100 
 
Table 1: Result of the follow-up 
 
In the observation period, annual doses ranged from 0 to 55 mSv, with a mean 
value of 0.854 mSv. The lifetime dose referred to the end of observation 
period of the total cohort has a median of 5.2 mSv. In that context “lifetime 
dose” means the exposure to ionising radiation received because of the 
occupational work up to the end of the observation period. The distribution of 
lifetime dose is shown at Figure 1. The categories of dose are the same as 
they are chosen in the international nuclear worker study of IARC. 
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Figure 1: Distribution of the occupational lifetime dose at the end of the 
observation period 
 
Standardized Mortality Ratios are shown in Table 2. For all causes, SMR is 
statistically significant reduced (SMR = 0.54), suggesting at a strong healthy 
worker effect. Except for the group “all other causes”, the SMRs were below 
unity, very similar, and did not reach statistical significance after correction 
for missing causes (SMR=0.71 for cancer, 0.69 for cardiovascular disease, 0.71 
for external causes). The corrected SMR for “all other” causes (SMR = 0.14, 
95% CI: 0.03-0.34) is based on 5.3 corrected observations only, and should be 
interpreted with caution. 
 
 
   Standard 

estimates 
Estimates corrected for 
missing causes of death* 

Cause of death Observed 
cases 

Expected 
cases 

SMR 95% 
Confidence 

Interval 

Observed SMR 95% 
Confidence 

interval 
All causes 68 126.8 0.54 0.42-0.67    
Cancer 24 36.1 0.66 0.43-0.95 25.5 0.71 0.42-1.15 
Cardiovascular 
disease 

22 34.1 0.65 0.40-0.93 23.4 0.69 0.38-1.12 

External 
causes 

13 19.5 0.67 0.36-1.06 13.8 0.71 0.31-1.30 

All other 
causes 

5 37.1 0.13 0.04-0.26 5.3 0.14 0.03-0.34 

Cause missing 4 - - -    
* according to Rittgen and Becker [6] 
 
Table2: Standardized Mortality Ratio (SMR) 



 
 
Discussion 
 
The results of the analysis suggest a healthy worker effect which could be 
explained by the selection of healthy men for the job as well the annual 
medical examination.  Additionally, most workers have a rather good income 
which may lead to a high degree of private medical prevention. 
 
Mean age of the cohort at the end of the observation period is only 44 years. 
The cohort is rather young and further follow-up is needed to obtain clearer 
results. Analysis for separate cancer types, especially leukaemia is not 
possible at this stage as too few deaths are observed.  It should be noted that 
the German study has not enough power to detect a small increased risk as 
reported in the IARC study but the data could be used to confirm whether 
results are similar or differ substantially. 
  
Further results are expected when investigating the whole cohort. It is planned 
to extend the cohort to include all nuclear facilities in Germany and to 
complete the follow-up until 2006. This would give some 80,000 person years. 
Additionally, the German data should be included in a further analysis of the 
international nuclear worker study of the IARC. 
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