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Introduction 
 
A collaborative study assessing the effects of chronic radiation exposure at 
low doses and low dose rates on the mortality of nuclear workers from 15 
different countries have been recently published by Cardis et al. (2005) [1]. 
This study included data from the French companies EDF (Electricité De 
France) which is the French National electricity company, CEA (Commissariat à 
l’Energie Atomique) which is the first French institute of research in nuclear 
field created after World War II, and COGEMA (Compagnie Générale des 
Matières Nucléaires) created in 1976 and specialized in nuclear fuel cycle. 
Analyses of the mortality of CEA workers [2] and of the mortality of EDF 
workers in relation with cumulative exposure [3] have been already published. 
The present study follows 9 287 COGEMA workers exposed to low levels of 
ionizing radiation from the beginning of employment to the end of 1994. This 
paper presents analyses of the mortality of COGEMA workers monitored for 
external radiation exposure and the relation between their mortality and 
their cumulative external radiation dose. 
 
Materials and Methods 
 
Study population and data collection 
The current cohort includes 9 287 workers employed for at least one year at 
COGEMA and monitored for external radiation exposure. Individuals who 
worked in a uranium mine were excluded and were analyzed separately [4].  
The follow-up ran from beginning of 1977, one year after the creation of 
COGEMA, to the end of 1994. Some workers could have worked at CEA before 
entry at COGEMA. So period of employment ran from 1950 to 1994 since date 
of employment was defined at the entry in the group CEA-COGEMA. For each 
worker, the dosimetric historic was reconstructed during his career in the CEA-
COGEMA group. 
 Information on identification of workers and their professional history are 
provided from CEA and COGEMA personnel files. Information on exposure were 
obtained from the department of radioprotection of each company. Individual 
annual exposure to X and Gamma rays was reconstructed for each worker. 
Vital status was provided from the municipality of birth and causes of death 
from the French National Health and Medical Research Institute (INSERM) 
registry.  
 
 
Statistical methods 
Standardized Mortality Ratios (SMR) were computed to compare the mortality 
of COGEMA workers with the mortality of the French national population. 



Number of expected deaths was calculated under the assumption that the 
mortality in the cohort is the same as that of the French population by sex, 
age and calendar years.  Ninety percent confident intervals were estimated 
using the Byar’s approximation [5]. All causes and all cancers SMRs were 
calculated for several categories of time dependant factors (calendar period, 
attained age and duration of employment). Tests for trend in the SMRs for 
different factors were based on Mantel-Hanzel test [5]. Two-sided tests were 
computed. Trend tests, equivalent to Mantel-Hanzel test, were performed to 
compare the mortality in the cohort by level of cumulative external radiation 
doses controlling for the principal confounding factors (sex, age, calendar 
period, SES and duration of employment). Only an increasing trend with 
cumulative exposure categorized into four categories (0-, 5-, 50-, >=100 mSv) 
was tested by computing a one-sided test. 
 
Results 
 
Workers were followed up for an average of 13 years. The percentage of 
subjects lost to follow-up was less than 1%. During the follow-up period, 441 
deaths occurred. The mean cumulative dose among the whole cohort was 19.4 
mSv. Figure 1 shows the SMR for different causes of death. 

 
 
Figure 1: Number of observed deaths and standardized Mortality Ratio (SMR) with 90% 
confidence interval for different causes of death. 

 

 

All causes                          n = 441

Cancer of digestive system        n =  60

All cancers                          n = 204

Cancer of respiratory system        n =  64

Prostate cancer                    n =  11 

Kidney cancer                     n =   7 

Multiple myeloma            n =   3 

Leukemia excluding cll*         n =   3 

Standardised Mortality Ratio (SMR)  90% confidence Interval  

*  Chronic Lymphatic Leukemia 

 



 
 A strong deficit is observed for all causes of death (SMR=0.58; 90%CI: 0.54–
0.63) and for all cancers mortality (SMR=0.74; 90%CI: 0.66–0.83). No 
significant excess is found for any of the considered causes of death. A SMR 
higher than one but not statistically significant is observed for prostate 
cancer, kidney cancer and multiple myeloma. All causes and all cancers SMR 
increase significantly with increasing calendar years. All causes SMR increase 
significantly with increasing attained age and duration of employment. The 
increase is not significant for all cancers SMRs.  
 
 
Results of trend tests are presented in table 1 for a number of causes of 
death.  
 
Table 1: Number of observed deaths (O) and expected deaths (E) for each dose category 
among the COGEMA cohort. P-value of a one side trend test. 

  Dose group (mSv)

Causes of death  

 
 0- 10- 50- 100+ P_value 

Trend test

All deaths  O/E  0.97 1.05 0.99 1.17 0.18
 O 292 100 28 21 

All cancers O/E  0.96 1.03 1.17 1.12 0.18
 O 128 48 17 11 

All cancers excluding O/E  0.95 1.04 1.20 1.15 0.14
 O 124 47 17 11 

Digestive system  O/E  0.93 1.01 1.57 1.05 0.18
 O 35 15 7 3 

Respiratory system O/E  0.92 1.17 0.85 1.50 0.18
 O 39 16 4 5 

Lung cancer O/E  0.89 1.18 0.97 1.73 0.09
 O 32 14 4 5 

Prostate cancer O/E  1.20 0.42 1.76 0.00 0.76
 O 9 1 1 0 

Kidney cancer O/E  1.13 0.78 0.00 0.00 0.75
 O 6 1 0 0 

Non-Hodgkin lymphoma O/E  0.86 0.00 3.19 7.06 0.01
 O 2 0 1 1 

Multiple myeloma O/E  1.16 1.38 0.00 0.00 0.78
 O 2 1 0 0 

Leukemia O/E  1.62 0.00 0.00 2.89 0.56
 O 4 0 0 1 

Leukemia excluding CLLa O/E  1.16 0.00 0.00 7.17 0.14
 O 2 0 0 1 
a 

Chronic Lymphatic Leukemia 

 
Comparisons by level of radiation exposure within the COGEMA cohort provide 
no evidence of a positive trend between radiation exposure and all cancers 
(p=0.14) and leukemia excluding Chronic Lymphatic Leukemia mortality 



(p=0.14). A significant trend is observed for non-Hodgkin’s lymphoma (p=0.01) 
but this relation is based only on 4 deaths. Furthermore, a weak trend 
between doses and the risk of lung cancer death is found (p=0.09). 
 
Discussion 
  
As expected, the mortality of the cohort was lower than that of the French 
national population. The Healthy Worker Effect is often observed in other 
nuclear workers studies [1-3, 6-8]. Part of the Healthy Worker Effect is 
explained by a proportion of unemployed persons in general population, with 
a higher mortality rate [9, 10]. All causes SMR increased with calendar period 
and duration of employment. This increase was not significant for all cancers 
SMR by duration of employment. This could illustrate the decrease of the 
initial selection at employment with time. 
A significant increase in risk was observed for all cancers excluding leukemia 
mortality with increase of radiation dose in the 15-country study [1]. 
Significant excess of leukemia by cumulative radiation exposure was observed 
in the 3-country study [11] and was borderline significant in the 15-country 
study and in the UK National Registry for Radiation Workers study [1, 7]. A 
positive trend, not statistically significant, by level of external doses was 
observed in our study for all cancers and leukemia excluding Chronic 
Lymphatic Leukemia mortality, but the analyses lack of statistical power. A 
significant trend was observed only for non-Hodgkin lymphoma death, but 
considering the large number of statistic tests computed, this result must be 
carefully interpreted. A borderline significant trend was observed for lung 
cancer death. A significant increase risk of lung cancer death with external 
radiation exposure has been found in the 15-country study [12]. A future work 
will consist in an extension of the cohort follow-up which will increase the 
statistical power and in reconstruction of internal contamination and smoking 
habits. Attention will focus on lung cancer risk and internal exposure in the 
frame work of the European research project “Alpha-risk”. 
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