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Special Contribution

XIV.  Non-dif ferential miss-classification

2.  Case ascertainment

Let us consider a follow-up study of 150,000 exposed men 
who were born in 1930 and exposed to a radiation dose 
of 20 mGy at age 30, and the same number of unexposed 
men belonging to the same birth cohort. Suppose that 
there are 10,000 solid cancer cases diagnosed at age 
70 each in the two groups. If the expected number of 
cases is 10,000 for both groups, the ratio between the 
observed and the expected is 10,000/10,000 = 1 in both 
groups. The relative risk comparing the solid cancer risk 
in the exposed and unexposed groups can be obtained 
by dividing those two ratios, and is 1. If 80% of cases are 
ascertained in the exposed and unexposed groups, the 
corresponding RR is still 1 as long as the proportions of 
ascertained cases are the same in both groups. As shown 
in this example, non-dif ferential case ascertainment is 
not expected to produce a biased estimate of RR or ERR. 
However, this is merely a theoretical expectation. In 
reality, the magnitude of case ascertainment among the 
exposed and unexposed groups can dif fer by chance even 
if the proportions of ascertained cases are expected to be 
the same in the exposed and unexposed groups. Suppose 
that the proportions of case ascertainment happened to 
be 80.2% and 79.8% in the exposed and the unexposed, 
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respectively, the RR will be 1.005 ( = 0.802/0.798). The 
probability of obtaining such ascertainment rates is 
approximately 10% (The following is the R commands to 
obtaining this probability: (1 - pbinom(8,020, size = 10,000, 
prob = 0.80))*pbinom (7,980, size = 10,000, prob = 0.80)). 
This RR corresponds to the ERR of 0.25 per gray 
since the dose of the exposed group was 20 mGy. This 
value is not much dif ferent from the ERR per gray 
of 0.35 for men reported by the LSS of atomic bomb 
sur vivors54). In the case of cancer mor tality study, 
case ascertainment can be as low as 80%, considering 
the accuracy of cause of death. If cancer mortality is 
regarded as a surrogate indicator of cancer incidence, 
the proportion of case “ascertainment is even lower 
since mortality sur vey covers only deceased cases. 
Therefore, it does not seem a good idea to examine the 
cancer mortality associated with radiation dose as low as  
20 mGy. 

Incomplete ascertainment of out-migrated subjects 
from the fixed cohort inflates person-years. In cancer 
incidence studies, incomplete ascertainment of deaths 
from causes other than cancer has a similar ef fect on 
person-year calculations. Because the person-years are the 
denominator of the cancer incidence rate, essentially the 
same discussion as for case ascertainment can be applied 
to these problems. Non-dif ferential misclassification 
in the person-year calculation af fects the absolute risk 
in a manner similar to that for non-dif ferential case 
ascertainment (the absolute risk is underestimated when 
person-years are overestimated).

Biased case ascertainment is suspected in the study 
of Carl J Johnson reporting an excess cancer incidence 
among Mormon families in southwester n Utah. 
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The study area had radioactive fallout from nuclear 
detonations in the Nevada Test Site (NTS). In the NTS, 
atmospheric detonations were conducted during the 
period 1951-1962; and underground detonations, during 
the period 1962-197961). There were 109 more cases of 
cancer than expected (288 observed/179 expected) in 
the 1951 cohort (N = 4,125) when compared with that of 
all Utah Mormons during the period 1967-75). However, 
it is suspected his study tended to identify cancer cases 
having lived during the period 1951-1962 more completely 
and tended to miss the cases without such residential 
history.

3.  Exposure assessment

Indoor radon exposure is considered to increase lung 
cancer risk62, 63). The free fraction or unattached fraction 
of  radon progeny gives significant dose to larger 
airways. Some houses in thoron-prone areas or houses 
built with thoron emitting materials have relatively 
high indoor thoron gas concentrations. In those houses, 
thoron contamination in radon gas measurements 
using air-based devices cannot be ignored if the devices 
sensitive to thoron are placed closely to the wall or floor. 
Actually, RadTrak, an air-based radon measuring device, 
which were used in many epidemiological studies to 
evaluate the association between lung cancer risk and 
indoor radon exposure, is known to be af fected by the 
presence of thoron64). Since indoor radon and thoron gas 
concentrations do not show any predictable correlation, it 
is dif ficult to tell to which direction an ERR per unit radon 
concentration will be biased by thoron contamination. 

Let us consider this problem with an example. Suppose 
that lung cancer incidence per 100,000 is 10 for the 
control group with a radon concentration of 10 Bq/m3, 
and 100 for the exposed group (110 Bq/m3). In this case, 
the RR comparing the exposed and control groups is 10, 
and the ERR per 100 Bq/m3 is 9. Suppose also that thoron 
gas contamination increases measured indoor radon 
concentrations. However, it is dif ficult to tell whether the 
radon measurement in the control group (with a small 
amount of radon exposure), the radon-exposed group, 
or both groups is af fected more evidently or not, since 
there is no correlation between radon and thoron gas 
concentrations. Therefore, it is dif ficult to tell whether the 
ERR estimate per unit dose will be decreased, increased, 
or unchanged by the contamination.

In this scenario, thoron exposure is assumed not to 
increase lung cancer risk. Indeed, it is considered that 
thoron progeny do not give significant dose to bronchial 
mucosa (2). It is because most thoron progeny are 
attached to aerosol par ticles in the air since thoron 
progeny have relatively long half-lives when compared 
with radon progeny. However, we cannot deny the 

possibility that 216Po, a thoron progeny with the half-life 
of 0.15 second emitting alpha radiation, gives significant 
dose to the bronchial mucosa. Note that such a short 
half-life progeny can be present in the unattached form 
in the air is yet unclear65). If thoron progeny exposure is 
associated with lung cancer risk, the problem of thoron 
contamination in radon measurements is more serious 
when examining the association of radon and radon 
progeny exposure with lung cancer risk.

XV.  Biases af fecting the association between risk 
and radiation exposure

There are many dif ferent kinds of biases as shown in a 
catalogue of biases summarized by Sackett (1979)66). To 
date, methodologists identified more than 100 of biases 
(with dif ferent names). However, you do not need to 
remember all of them. All you have to do is to understand 
the underlying mechanisms causing them. Actually, most 
of the biases are caused by several common mechanisms. 
In this chapter, several important examples of such biases 
in radiation epidemiology are described.

1.  Detection bias

The detection bias is “due to systematic error(s) in 
methods of ascertainment, diagnosis, or verification of 
cases in an epidemiologic study.” (DE-IV)2). Typically, the 
detection bias is observed in a situation where special 
diagnostic procedures detect asymptomatic diseases. 
If the magnitude of case ascertainment is af fected by 
the exposure status of study subjects, the association 
between the disease risk of interest and the exposure 
under survey will be distorted. In radiation epidemiology, 
a detection bias caused by screening (screening bias) 
observed in thyroid cancer survey is well-known. After 
Chernobyl accident, thyroid cancer risk increased among 
those who were under age 15 years at the time of the 
accident. However, an excess among older residents 
was / still is unclear. A study conducted in Br yansk, 
which is one of the most heavily contaminated area 
in Russia, found that the frequency of thyroid cancer 
among residents aged 15-69 in this area was evidently 
higher than that in the general population of the entire 
Russia67). However, since the inverse dose-response 
was observed, the observed excess is unlikely be due 
to radiation exposure. Another possible explanation 
is that medical attention to thyroid cancer in the 
contaminated areas resulted in a substantial screening 
bias, particularly in the 1990s, following the discovery 
of excess thyroid cancer among children. UNSCEAR 
2008 report pointed out that those observations can be 
af fected by the screening ef fect mainly due the use of 
ultrasonography68). A study conducted in the 1990s has 
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shown that physical examinations found only 21% of 
nodules detected by high-resolution ultrasonography69). In 
the case of the Fukushima Thyroid Survey, more advance 
ultrasonography techniques are used, and Peter Jacob 
and his colleagues predicted that the ultrasonography 
survey will increase baseline thyroid cancer incidence by 
a factor of 7.4 (95% CI 0.95; 17.3)70). 

Another famous example of detection bias is also about 
thyroid cancer. In 1974, US newspapers reported a thyroid 
cancer among those who had head and neck radiation. 
After this report, Michael Reese Hospital in Chicago 
started the examination in response to the public concern 
caused by the media. As a result, the frequency of thyroid 
diseases among those people jumped from 1.4/1000 
before 1974 to 16.9/1000 during the period 1974-79 even 
though those people received radiation doses below 
500 mGy71).

2.  Recall bias

Recall bias is a “systematic error due to dif ferences in 
accuracy or completeness of recall to memory of past 
events or experiences.”(DE-IV)2) An interesting example 
of a recall bias was reported by WJ Schull and S Cobb. 
In their study, rheumatic patients and their siblings were 
interviewed and their parents’ history of rheumatism was 
asked. In this study, 73% of rheumatic patients answered 
that their parents had rheumatism while only 50% of 
patients’ siblings answered so72) even though they had the 
same parents.

A recall bias is suspected in the case-control study 
of leukemia in the neighborhood of La Hague nuclear 
reprocessing plant in France34) (this study conducted by 
Pobel and Viel was already mentioned in chapter IV). In 
this study, investigators obtained a RR of 4.5 (95% CI: 1.5 - 
15.2) for those who used the local beach once or more in 
a month when compared to those who never used the 
beach. The observed association can be explained, at least 
partially, by a recall bias. For example, parents of controls 
might have forgotten the fact that their children played in 
the beach more frequently than the parents of cases. 

3.  Selection bias – a systematic error 

More than two thousand years ago, Marcus Tullius 
Cicero presented the following stor y: One Diagoras, 
a nonbeliever in the gods, was shown painted tablets 
bearing the portraits of some worshippers who prayed, 
then survived a subsequent shipwreck. The implication 
was that praying protects you from drowning. Diagoras 
asked, “Where were the pictures of those who prayed, 
then drowned?”(cited from Black Swan written by Nassim 
Nicholas Taleb)73). This episode can be regarded as an 
example of selection bias.

John M Last defined the selection bias as follows: “It is 
an error due to systematic dif ferences in characteristics 
between those who take part in a study and those who 
do not.” (DE-IV)2) He pointed out that “selection bias 
invalidates conclusions and generalizations that might 
otherwise be drawn from such studies.” (DE-IV)2)

Rothman and Greenland (ME-II)8) gives the definition 
of selection bias as follows: “Selection biases are distorted 
results from procedures used to select subjects and 
from factors that influence study par ticipation. The 
common element of such biases is that the relation 
between exposure and disease is dif ferent for those 
who participate and those who should be theoretically 
eligible for study, including those who do not participate. 
The result is that the associations observed in the study 
represent a mix of forces determining participation, as 
well as forces determining disease.” “it is sometimes 
(but not always) possible to disentangle the ef fects 
of  par ticipation determinant from those disease 
determinants using analytic methods for the control of 
confounding.”

Note that the definition by John M Last includes the 
lack of generalization. Rothman and other epidemiologists 
deemphasize the importance of the lack of generalizability 
in epidemiological studies evaluating causal relationships. 
Here, we use Rothman’s definition. The selection biases 
distort the relationship between the exposure and the 
disease. Note that this kind of selection bias cannot be 
eliminated by statistical analysis of the data obtained. 
However, the selection bias introduced by matching can 
be remedied in the analysis via control of the matching 
factors. 

A famous example of the selection bias is the one 
pointed out by Joseph Berkson, Mayo Clinic statistician. 
He criticized the first hospital-based case-control study 
on smoking and lung cancer, in which cases and controls 
were selected from hospital patients. He argued that 
smokers with lung cancer being more likely to be 
hospitalized than smokers without cancer14).

The case–control study of Pobel and Viel is also 
suspected to have a selection bias. Parents of cases who 
were concerned about the possible exposure to radiation 
from La Hague might have been more likely to be 
included in the study than controls.

In a retrospective cohort study, living subjects and 
workers with higher-level exposure can be more easily 
ascertained. For example, in a study of nuclear workers 
in Japan, the cohort was established using the workers 
who were identified through address records28). There 
were a number of workers who had left the job many 
years ago. In this study, workers with a shorter period 
of employment and those deceased long time ago were 
more dif ficult to find. 

Another interesting example is given by Rothman and 
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Greenland (ME-II. P119). This textbook cited the study 
by Caldwell et al74). They wrote as follows: “When Center 
for Disease Control investigated subsequent leukemia 
incidence among troops who had been present at the 
Smoky Atomic Test in Nevada, 76% of the troops identified 
as members of that cohort had known outcomes. Of this 
76%, 82% were traced by the investigators, but the other 
18% contacted the investigators on their own initiative in 
response to publicity about the investigation.” Citing a 
paper by Criqui et al.75), Rothman and Greenland made 
the following comment: “This self-referral of subjects is 
ordinarily considered a threat to validity, since the reasons 
for self-referral may be associated with the outcome 
understudy”.
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