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Abstract. Cancer incidence and non-cancer disease mortality (1950-1995) among 27,011 medical x-ray workers 
was compared with that of 25,782 other medical specialists employed between 1950 and 1980. Significantly 
elevated cancer risks were found for leukemia and cancers of skin, female breast, lung, liver, bladder and 
esophagus, the RRs were 2.2, 4.1, 1.3, 1.2, 1.2, 1.8 and 2.7 respectively. The patterns of risk associated with 
years since beginning X-ray work and with age and calendar year of initial employment suggest that the excesses 
of leukemia, skin cancer and female breast cancer were related to occupational exposure to X-rays. Significantly 
elevated non-cancer disease risks were blood forming system diseases ( mainly from aplastic anemia ), nervous 
system diseases, coronary heart disease and stroke, and the RRs were 3.7, 2.1, 1.4 and 1.4 respectively. The 
analysis of risk patterns suggest that the excess RRs for blood forming system diseases and coronary heart 
disease and stroke in the earlier cohort might be related to radiation exposure, but for the later cohort the excess 
RRs of nervous system diseases and coronary heart disease and stroke could be more attributed to factors of 
other than radiation. The possible confounding effects of risk factors other than radiation were discussed.  
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1. Introduction 

 

To provide evidence and clarify characteristics of human hazards produced by protracted and 
fractional ionizing radiation and to assess the related risk, a nation-wide survey on cancer incidence 
and nor-cancer disease mortality among medical x-ray workers in China was organized in 1981 and 
second and third and fourth follow-up studies were conducted in 1986 and 1991 and 1996, respectively. 
The cancer incidence and risk estimation results among the Chinese medical x-ray workers (CMXW) 
were published respectively[1-3]. This paper presents the cancer incidence and non-cancer disease 
mortality and risk analysis among the CMXW that involves data from all four studies and covers an 
observation period from 1950 to 1995. 
 
2. Subjects and methods 

 

2.1 Study population 

 

The study population consisted of 27,011 medical diagnostic x-ray workers employed between 1950 
and 1980 years in major hospitals in 24 provinces of China. The radiation workers included both 
radiologists and technicians, since in China there is less distinction between these two professions than 
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in the West. The control population consisted of 25,782 surgeons, physicians and otolaryngologists 
working in the same hospitals during the same period who did not use x-ray equipment in their work.  
 
Considering the changes in equipment, procedures, and protective condition over time the doses 
received by the x-ray workers and the risk of cancer and non-cancer disease may be different from 
calendar year of employment begun. The whole cohort was divided into two sub-cohorts by calendar 
year of entry. One is earlier cohort, initial employment occurred up though 1969, called cohort I. The 
other is later cohort, initial employment occurred from 1970 to 1980, called cohort II. 
 
The number of x-ray workers and controls by cohort, sex and duration of employment are listed in 
Table 1. The employment status and professional category is quite stable in China especially for 
medical specialty during the observation period, so the duration of employment in the study is about 
the same as years since starting work or length of follow-up. 
 
Table 1.  No. of X-ray workers and controls by cohort, sex and duration of employment 
 
Duration of  
employment 

Cohort I Cohort II Whole Cohort  
X-ray workers Controls X-ray workers Controls X-ray workers Controls 
Male  Female  Male  Female  Male  Female  Male  Female  Male  Female  Male  Female  

<15 102 22 33 24 190 34 57 31 292 56 90 55 
15- 77 17 67 33 6684 1523 2714 1642 6761 1540 2781 1675 
20- 135 21 141 51 6087 1400 2123 1303 6222 1442 2264 1354 
25- 1264 337 2056 767 750 136 811 376 2014 473 2867 1143 
30- 6279 1953 9692 3861 0 0 0 0 6279 1953 9692 3861 

Total  7857 2350 11989 4736 13711 3093 5705 3352 21568 5443 17694 8088 
 

2.2 Methods of survey 

 

The first survey, in 1981, was a retrospective cohort study. Rosters were obtained from hospital 
administration records of all employees in the selected occupational categories hired between 1 
January 1950 and 31 December 1980. All workers who were enrolled in the study were interviewed 
for information concerning occupational histories and demographics. The second, third, and fourth 
follow-ups were prospective cohort studies. In order to get the information on occupational histories, 
status of health, with emphasis placed on cancer and death occurrence and employment cessation 
during the observation period, the hospitals where subjects worked were interviewed. For workers 
who developed cancer, the date and detail of diagnosis were noted from their medical records. 
Histological confirmation was obtained on 70% of the cancer diagnosed; the majority of other cancer 
diagnoses was made on the basis of X-ray examinations. For workers who died, similarly, information 
on date and cause of death was obtained from their medical records. Cancers and causes of death were 
coded according to the 9th revision of the International Classification on Diseases (ICD-9). 

 
2.3 Retrospective dose reconstruction 

 

Before 1985 there was no individual dose monitoring system for the CMXW. In order to estimate the 
accumulative dose for the X-ray workers, the main characteristics of the occupational exposure were 
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investigated. Exposed dose at more than 608 X-ray machines and 1632 workplaces were measured by 
simulating the past working conditions with a phantom. 3805 X-ray workers were chosen by 
non-proportional stratified radom sapling method and interviewed concerning the details of their 
occupational histories. A mathematical model and computerizing system for dose reconstruction were 
designed and developed[4]. The reconstructed average annual dose and cumulative doses of the 3805 
X-ray workers by calendar year of initial employment are shown in table 2. 

 
Table 2. Average of the cumulative and annual dose by calendar year of initial employment, 95% CI 
 
Calendar year 

of initial 
employment 

No. of 
workers 

No. of workers 
measured 

Cumulative dose (mGy) Annual dose (mGy · a-1) 
Average 95% CI Average 95% CI 

～1949 463 159 1813.0 1536.0～2090.0 36.9 31.6～42.2 
1950～1954 1999 428 865.0 765.0～964.0 20.0 17.8～22.2 
1955～1959 2487 526 524.0 485.0～563.0 13.7 12.8～14.6 
1960～1964 3265 667 302.0 181.0～323.0 9.0 8.4～9.6 
1965～1969 1993 393 189.0 169.0～209.0 6.6 6.0～7.2 
1970～1974 6913 777 83.5 76.6～90.4 3.5 3.3～3.7 
1975～1980 9891 855 48.5 44.5～51.5 2.9 2.7～3.1 

Total 27011 3805 — — — — 
 
For verification of the reconstructed doses, 96 of 3805 X-ray workers were selected for stable 
chromosome aberration analysis by G-banding and FISH techniques [5]. The doses estimated by the 
biological method were in accord with the doses reconstructed by physical method in generally. 
 
2.4 Data analysis 

 
The cancer and non-cancer disease risk analysis was conducted by observed/expected (O/E) system. 
Expected number of cancer and non-cancer disease death among X-ray workers was calculated by 
multiplying the PYs at risk by the corresponding cancer incidence or non-cancer disease mortality 
computed from the control group, and adjusting for age, calendar year, and sex. Cancer and 
non-cancer disease risks are reported as the relative risk (RR) i.e., O/E. Ninety-five percent confidence 
intervals (CI) for the RR were calculated.  

 

3. Results 

 

3.1 Cancer incidence 

 

3.1.1 General situation 

 

From 1950 to 1995, a total of 694,886 PYs at risk were accumulated and 836 cases of cancer occurred 
among the X-ray workers, in contrast to 768,652 PYs and 873 cancers among the control group. 
Significantly higher relative risk was seen for total cancer, leukemia and cancers of the skin, female 
breast, lung, liver, bladder and esophagus. Their RRs were 1.2, 2.2, 4.1, 1.3, 1.2, 1.2 1.8 and 2.7 
respectively. 
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Table 3. Observed (O) number of cancers among X-ray workers and RR for specific sites by  
employment cohort and by duration of employment  
 

Site of cancer 
(ICD-9) 

Cohort 
Duration of employment (years) 

Total 
<5 5- 10- 15- 20- 25- 30- 

Leukemia  
(204-207) 

I O 1 5 13 5 5 2 2 33 
RR 16.67 12.50* 8.97* 1.93 1.77 0.78 0.49 2.37* 

II O 1 5 1 3 1 0 0 11 
RR 0.94 3.03* 0.49 2.46 2.78 1.0 1.0 1.73 

Solid  
cancer 

I O 3 23 40 68 89 106 231 560 
RR 0.42 1.52 1.38* 1.33* 1.18 1.20 1.16* 1.20* 

II O 17 30 73 70 40 2 0 232 
RR 0.81 0.71 1.16 1.12 1.37 2.33 1.0 1.06 

Esophagus  
(150) 

I O 1 1 1 3 8 5 9 28 
RR --* 20.00* 3.57 6.52* 7.21* 2.39 1.43 2.72* 

II O 2 0 2 6 1 0 0 11 
RR 14.29* 0 2.02 3.09* 0.96 0 1.0 2.49* 

Stomach 
(151) 

I O 0 2 7 5 10 15 27 66 
RR 0 1.09 1.86 0.71 0.97 1.18 0.94 1.01 

II O 1 2 11 13 9 0 0 36 
RR 0.33 0.35 1.84 2.65* 3.88* 0 1.0 1.63* 

Liver 
(155) 

I O 0 8 8 16 23 23 37 115 
RR 0 3.35* 1.86 1.78* 1.62* 1.43 1.04 1.39* 

II O 2 8 12 10 8 0 0 40 
RR 0.81 0.87 0.75 0.73 1.42 0 1.0 0.85 

Lung 
(162) 

I O 1 3 2 13 20 13 56 108 
RR 1.28 1.63 0.48 1.55 1.48 0.71 1.10 1.10 

II O 2 6 11 15 7 2 0 43 
RR 1.12 1.45 1.49 1.70 1.36 10.53* 1.0 1.57* 

Skin  
(173) 

I O 0 0 1 4 0 6 5 16 
RR 0 0 6.25 8.00* 0 6.25* 4.35* 4.31* 

II O 0 0 1 1 0 0 0 2 
RR 0 0 2.94 6.67 1.0 1.0 1.0 2.74 

Female 
breast 
(174) 

I O 0 2 2 4 4 8 9 29 
RR 0 1.67 0.81 0.99 0.85 1.84 2.05* 1.34 

II O 0 3 7 5 2 0 0 17 
RR 0 1.12 1.89 1.36 1.37 0 1.0 1.33 

Bladder 
(188) 

I O 0 0 2 2 1 4 6 15 
RR 0 0 6.67* 3.51 1.18 2.82 1.80 2.09* 

II O 0 0 2 3 1 0 0 6 
RR 0 0 1.14 4.16* 3.85 1.0 1.0 1.41 

Thyroid  
(193) 

I O 0 2 3 3 1 3 1 13 
RR 0 3.57 3.00 2.27 0.76 3.30 0.96 2.06* 

II O 0 1 0 0 0 0 0 1 
RR 0 1.12 0 0 0 1.0 1.0 0.39 

*: P<0.05 
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A total of 44 cases of leukemia were observed among X-ray workers and 25 cases among the control 
group. All 69 cases of leukemia were histologically confirmed. Lymphatic and myeloid leukemia 
occurred more often than expected among X-ray workers and the RR was 2.49 and 2.46 respectively.  
 
Most of the increased risk of cancer was observed in male X-ray workers and only breast cancer RR 
was significantly higher in females 
 
3.1.2  Cancer risk by cohort of initial employment and duration of employment   

 
Variation in the RR by cohort of initial employment and by duration of employment among cancer 
types showing in table 3. A significant increase in RR of leukemia was seen in the earlier cohort it 
appeared 5 years after the start of employment and continued at its highest level between 5-14 years, 
then decreased but remained higher than that of the control group until 25 years when it dropped 
below the comparison level. But there was no significant increase in RR of leukemia in the later cohort; 
even though a significant excess of RR was seen in 5-9 years duration of employment. On the other 
hand, the RR of female breast cancer increased with duration of employment and became significant 
in the earlier cohort after 30 years of employment. The excess risk of solid cancer, bladder, and skin 
cancer occurred among workers in the earlier cohort who had worked with X-rays for at least 10, or 15 
years respectively. For liver cancer a excess of RR was seen in 5-24 years but the highest RR were 
seen after 5 years in the earlier cohort. For cancers of stomach and lung their RR excess risk occurred 
in the later cohort, the significant higher RR were seen after 15 and 25 years of follow-up. The RR for 
esophageal cancer was significantly elevated for almost the entire duration of employment in both 
earlier and later cohort. 
 

3.1.3  Cancer risk by age of initial employment and attained age 

 
An analysis of cancer risk by age at entry and attained age with cohort of initial employment shows 
that variation in the RR by age at entry and attained age differed between the two cohorts. For the 
earlier cohort, the highest RRs of leukemia and thyroid cancer were seen at an age of first employment 
of less than 20 y, and the attained age under 40 y and the RRs decreased with increasing of age at entry 
(Table 4). This analysis indicates that the earlier X-ray work was begun and the younger the age of 
first employment, the larger the RR was and the younger of attained age also.  
 
Table 4. Observed (O) number and RR of leukemia for cohort I by attained age and age at entry 
 

Attained age 
(years) 

  Age at entry (years old) 
<20 20- 25- 30- Total 

O RR O RR O RR O RR O RR 
<40 5 22.72* 10 11.63* 3 6.52* 1 14.29 19 11.80* 
40- 0 0.0 5 2.39 2 0.95 1 0.83 8 1.37 
50- 1 3.33 0 0.0 1 0.50 4 1.45 6 0.94 

Total 6 6.12* 15 3.40* 6 1.31 6 1.49 33 2.37* 
*: P<0.05  
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It suggests that calendar year of entry (i.e. annual dose) and age of first exposure are important factors 
in RR elevation and younger shift of attained age i.e., shorter shift of latency. 
 
3.2 Non-cancer disease mortality 

 

3.2.1 General situation 

 

From 1950 to 1995, a total of 691 cases of non-cancer disease death occurred among the CMXW, in 
contrast to 742 cases among the control group. Total non-cancer disease mortality among the CMXW 
was 23% greater than expected based on mortality in the control group(RR=1.23,95%CL 1.14-1.31). 
The circulatory system diseases were the first cause of death of non-cancer diseases and 74% of them 
from coronary heart disease and stroke. Injure and poisoning were the second cause of death (mainly 
from traffic accident and suicide). The RRs of non-cancer disease death for specific cause are showing 
in table 5. There were no significantly elevated of RRs for digestive system diseases, respiratory 
system diseases, genitourinary system diseases and infectious diseases.  
 
Table 5. Observed (O) numbers of death and RR among the CMXW for specific cause of death by sex 
 

Cause of death 
Male   Female All 

O RR O RR O RR 
Injure & poisoning 96 1.15 14 1.11 110 1.14 

Traffic accident  34 1.16 6 0.89 40 1.11 
Suicide 34 1.22 5 1.61 39 1.26 

Blood forming system diseases 9 5.66** 4 2.66 13 3.68** 
Aplastic anemia 7 15.21** 3 5.93** 10 10.35** 

Circulatory system diseases 331 1.26** 43 1.61** 374 1.29** 
Coronary heart disease 93 1.35** 6 2.57* 99 1.39** 
Stroke 157 1.35** 21 1.39 178 1.36** 

Digestive system diseases 74 0.99 5 1.04 79 0.99 
Respiratory system diseases 14 1.13 3 4.55 17 1.31 
Genitourinary system diseases 13 0.82 4 1.30 17 0.90 
Nervous system diseases 15 2.08** 3 1.94 18 2.06** 
Infectious diseases 12 0.68 3 1.09 15 0.74 
Total non-cancer disease 601 1.20** 90 1.46** 691 1.23** 
*: p<0.05;  **:p<0.01 
 
3.2.2 Non- cancer disease death risk by cohort of initial employment and duration of employment  

 

A significant increase of RRs of injure & poisoning, and nervous system diseases were seen in the 
later cohort it appeared less than 10 years after start of employment. In the earlier cohort a significant 
increase of RR for blood forming system diseases appeared after 20 years of employment. For 
coronary heart disease and stroke significant elevated RRs appeared 30 years after first entry in the 
earlier cohort and appeared less than 20 years of employment in the later cohort (Table 6). 
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Table 6.  Observed (O) number of death and RR among the CMXW for specific cause of death by 
cohort of entry and by duration of employment  
 

Cause of death Cohort 
Duration of employment 

Total 
<10 10-19 20-29 30- 

Injure & 
 poisoning 

I 
O 5 10 23 12 50 
RR 1.24 0.83 1.02 0.86 0.95 

II 
O 18 36 6 0 60 
RR 1.64* 1.32 1.11 -- 1.37* 

Nervous system 
disease 

I 
O 0 0 2 9 11 
RR -- -- 1.69 1.54 1.48 

II 
O 2 3 2 0 7 
RR 28.57** 3.70 4.55 -- 5.30** 

Blood form system 
diseases 

I 
O 1 1 4 5 11 
RR 1.85 2.44 4.88** 8.47** 4.65** 

II 
O 2 0 0 0 2 
RR 6.00* -- -- -- 1.69 

Coronary heart 
disease & stroke 

I 
O 3 14 56 147 220 
RR 3.09 1.37 1.25 1.33** 1.32** 

II 
O 8 37 12 0 57 
RR 1.03 1.75** 1.72 -- 1.59** 

   *: p<0.05;  **: p<0.01  

 

3.2.3 Non-cancer disease death risk by age of initial employment and attained age  

 

The highest RRs of injure and poisoning death were seen under age 20 y at first exposure and at an 
attained age of less than 40 y in the later cohort. For blood forming system diseases the significant 
elevated RR was seen under 20 y of age at started exposure and at an attained age more than 50 y in 
the earlier cohort. For coronary heart disease and stroke the highest RRs were seen under 20 y of age 
at started work and at an attained age under 50 y in the later cohort. 
 

5. Discussion  

 
Epidemiological studies have been carried out in several countries for investigation of mortality of 
cancer and/or diseases other than cancer among medical radiation workers[6-11]. In all of these studies 
the standard populations for comparison were the general population or all workers, or professional 
workers of the country. In the present study is unique in that the control group is medical workers 
employed in the same hospital during the same time period who did not use X-ray machines in their 
work. Information was obtained by personal interviews. Cancer incidence rather than mortality was 
used as endpoint, to enable a better reflection of cancers with lower death rates. Cancer and 
non-cancer disease diagnosis was confirmed by medical records and checked again in the next follow 
up. All of the advantages of this study contribute to its offering more information for risk assessment.  
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A significant elevated risk of leukemia was found among medical X-ray workers in China. The 
features of leukemia among the CMXW fit well with those for medical X-ray workers in the UK [6], 
the US[7,8], and Japan[9,10], Japanese atomic bomb survivors and patients treated with radiation. 
 
The RR of breast cancer was more pronounced among female X-ray workers in the earlier cohort and 
had worked with X-ray equipment for more than 30 years. A case control study nested in the cohort 
showed that cumulative breast dose was a significant risk factor[12]. It seems likely that female breast 
cancer is related to occupational X-ray exposure, and as the literature suggests, fractionation of the 
dose cannot appreciably lower the risk of radiogenic breast cancer. 
 
A total of 18 cases of non-melanoma skin cancer occurred among X-ray workers( six cases among the 
controls) and 13 cases from the 18 cases developed on the hands. Most of the cases occurred in earlier 
cohort and for at least 15 years work. Before developing skin cancer, most of them had suffered from 
chronic dermatitis caused by radiation. It is likely that the skin cancer is the result of high dose direct 
exposure to X-rays. 
 
Thyroid cancer risk was significantly elevated in the earlier cohort and the highest RR was seen 
among the X-ray workers under age 20 and 20~24 years old at first exposure. It is likely that the 
elevated RR of thyroid cancer among the CMXW possibly was related to exposure to X-rays. 
 
A significant RR of bladder cancer first appeared in the fourth follow-up. A significant increase of RR 
was only seen in earlier cohort. Even though a statistically significant excess risk of bladder cancer 
was reported in several populations exposed to low-LET radiation, the variation in RR as it relates to 
dose of exposure, years since first exposure, and effects of age and sex are still unclear. 
 
A large increase in risk of liver cancer was observed in the earlier cohort. An increase in metastatic 
cancer of the liver was reported among American radiologists[7]. It seems likely that an excess of liver 
cancer among the CMXW included both primary and metastatic liver cancer, because the liver is a 
common site of metastasis from many of the sites known to be associated with exposure to ionizing 
radiation. It is well known that the hepatitis B virus (HBV) plays an important role in the development 
of liver cancer. Gao et al. [13] noted the close association between RR of liver cancer and HBV 
infection in the earlier cohort and suggests that the combined effects of HBV infection and radiation 
might be the cause of the higher risk for liver cancer.  
 
An excess risk of lung cancer was seen in the later cohorts, but was not seen in the earlier cohort. Thus 
the observed excess of lung cancer might be related to non-radiation factors. As Gao et al.(1998) noted 
that higher distribution of smoking was seen in later cohort [13], smoking may mainly have induced 
the elevated RR of lung cancer among the CMXW. 
 
The risk of esophageal cancer was also significantly elevated among the CMXW. The elevated risk 
was seen in both of earlier and later cohort, even for those with an employment length of less than five 
years. As the esophagus was considered a site of low sensitivity to carcinogenic action of radiation. So 
the elevated RR of esophageal cancer seems unlikely to be attributable to ionizing radiation and might 
reflect a difference between the medical X-ray workers and the controls in specific risk factors.  
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There have been a little data of diseases other than cancer from studies of populations irradiated 
especially for relatively low dose[14]. In the present study a significantly increased risk of blood 
forming system diseases (mainly from aplastic anemia) was observed among the CMXW, but it was 
only seen in the earlier cohort，and appeared more than 20 years since started x-ray work. A similar 
finding was also seen in studies of radiologists in North American and Japanese radiological 
technologists and atomic bomb survivor’s study. The increased risk for blood forming system diseases 
is not entirely unexpected at earlier corhot because of the radiosensitivity of hematopioetic cells. 
 
The significantly elevated RRs of injure and poisoning (mainly from traffic accident and suicide), and 
nervous system diseases were seen in the later cohort but not seen in the earlier cohort. The significant 
RR of these disorders appeared less than 10 years since started x-ray work and the attend age of these 
disorders less than 40. It seems the excessed RRs of these disorders are probably not radiation-related. 
As the case-control study[15,16] noted that occupational stress ( psychological and emotional stress) 
was more occurrence in the later cohort than that in the earlier cohort. It is likely that the significantly 
elevated RRs of these disorders in the later cohort was related to the occupational stress.  
 
A significantly elevated RR of coronary heart disease and stroke was seen in both of earlier and later 
cohort among the CMXW. The similarity of excess risks of these diseases in the earlier and later 
cohort, in which there are very different average radiation exposures ( 551 mGy for the earlier cohort 
and 82 mGy for the later cohort ) imply that the significant excesses RR of these diseases seems 
unlikely to be attributable to ionizing radiation, especialy for the later cohort and might reflect a 
difference in specific risk factors other than radiation exposure between the earlier cohort and the later 
cohort or/and between the CMXW and the controls.  
 
As is known, coronary heart disease and stroke is a common disease and belong to a kind of 
multi-factorial disease. A number of non-radiation factors predispose to the development of these 
diseases, and some of them certainly are confounding factors and modified the effects of radiation 
exposure. Gao et al. noted that there are lower levels of income and education and a higher rate of 
smorking in the medical X-ray workers especialy in the later cohot than that in the controls[13]. Zhang 
et al. and Zhao et al. demonstrated that significant higher distribution of family history of 
cardiovascular disease, and occupational stress were seen in the later cohort than that in the earlier 
cohort[15.16]. These studies provided evidence of genetic factor such as family history of 
cardiovascular disease, psychological and emotional factors as occupational stress, and lifestyle as 
smoking playing an more important role in cause of coronary heart disease and stroke in later cohort 
than in earlier cohort among the CMXW.  
 
For the earlier cohort the analysis of risk patterns suggest that the excess RRs for coronary heart 
disease and stroke similar to the excessed RR of cancer incidence[1]. Zhang et al. [15] indicated that a 
positive correlation between radiation dose and RR of cardiovascular diseases was only seen in the 
highest dose group (>300 mGy) of male X-ray workers. It seems that a part of the significant excesses 
RR of these diseases in the earlier cohort could be attributed to occupational radiation exposure. 
 
Although this study has many advantages and has many interesting findings, three main weaknesses, 
which handicapped the study for cancer and non-cancer disease risk assessment. The first is that the 
follow-up may not have been long enough to adequately evaluate the total impact of occupational 
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radiation exposure. 62% individuals started X-ray work after 1970, they were observed only from 15 
to 25 years, and were of an average age of 47 y in 1995. Thus the majority of X-ray workers have not 
reached the age when cancer and coronary heart disease and stroke rates become appreciably high. 
The second weakness is a lack of individual dosimetry before 1985 for the CMXW. Even though 
retrospective dosimetry study has been done, until now only average cumulative doses have been used 
producing only rough risk estimations. The third weakness in the cohort study is routine data 
collection does not include information on recognized risk factors other than radiation for studied 
diseases. So that the study could not adjusted the possible confounding effects of non-radiation factors.  
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