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US Transuranium and Uranium Registries

• Established in 1968, a research program to 
follow up with occupationally exposed 
workers by studying the biokinetics and 
tissue dosimetry of the actinides [in support 
of radiation epidemiology studies]

• USTUR Registrants: individuals with 
documented history of exposure to the 
actinides (mainly plutonium)

• Since 1992, it has been a US Department of 
Energy grant to Washington State University

Radiation 
epidemiology

Improvement of 
biokinetic models

Better dose 
assessment

Misclassification 
study Yes

Health outcome 
assessment

No!

Yes
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Misclassification Study
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Over-classification rate  =
Number of false positives

Total number of non disease on ARs

Under-classification rate = 
Number of false negatives

Total number of disease on ARs
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Objectives

In general, it is believed that if outcome misclassification were incorporated 
into epidemiological studies that have significant dose-response 
associations, the findings would be more significant. 

• Can misclassification of disease increase the risk estimate of dose-
response associations?

• Can misclassification of disease change the conclusion of significant 
dose-response associations?
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Methods: Initial Dataset Generation I (a)

Generate dose data 
using a log-normal 
distribution with 
predefined values for 
the geometric mean and 
the geometric standard 
deviation

Generate outcome data 
randomly using logistic 
probability function based on 
dose data, pre-set odds ratio and 
outcome baseline

×1,000 times

Select initial dataset
of odds ratio close to 1.0 
(statistically non-
significant association)

odds ratio = 1.001
p-value = 0.998

𝑝𝑝(𝑥𝑥) =
1

1 + 𝑒𝑒−(𝛽𝛽0+𝛽𝛽1𝑥𝑥)
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Methods: Initial Dataset Generation I (b)

Generate dose data 
using a log-normal 
distribution with 
predefined values for 
the geometric mean and 
the geometric standard 
deviation

Generate outcome data 
randomly using logistic 
probability function based on 
dose data, pre-set odds ratio and 
outcome baseline

×1,000 times

Select initial dataset
of odds ratio close to 1.0 
(statistically non-
significant association)

odds ratio = 1.001
p-value = 0.998

𝑝𝑝(𝑥𝑥) =
1

1 + 𝑒𝑒−(𝛽𝛽0+𝛽𝛽1𝑥𝑥)
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Methods: Initial Dataset Generation I (c)

Generate dose data 
using a log-normal 
distribution with 
predefined values for 
the geometric mean and 
the geometric standard 
deviation

Generate outcome data 
randomly using logistic 
probability function based on 
dose data, pre-set odds ratio and 
outcome baseline

×1,000 times

Select initial dataset
of odds ratio close to 1.0 
(statistically non-
significant association)

odds ratio = 1.001
p-value = 0.998

𝑝𝑝(𝑥𝑥) =
1

1 + 𝑒𝑒−(𝛽𝛽0+𝛽𝛽1𝑥𝑥)

𝑥𝑥:   The dose value
𝛽𝛽0: The constant derived from a baseline cancer incidence of 30% when 𝑥𝑥 equals zero
𝛽𝛽1: The logarithm of the odds ratio
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Methods: Initial Dataset Generation I (d)

Generate dose data 
using a log-normal 
distribution with 
predefined values for 
the geometric mean and 
the geometric standard 
deviation

Generate outcome data 
randomly using logistic 
probability function based on 
dose data, pre-set odds ratio and 
outcome baseline

×1,000 times

Select initial dataset
of odds ratio close to 1.0 
(statistically non-
significant association)

odds ratio = 1.001
p-value = 0.998

𝑝𝑝(𝑥𝑥) =
1

1 + 𝑒𝑒−(𝛽𝛽0+𝛽𝛽1𝑥𝑥)
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Methods: Misclassification Simulation I

Misclassified 
dataset from 
misclassification 
simulation with 
various over- and 
under-classification 
rates

Calculate summary 
statistics of 
percentage of 
increased odds 
ratios, and 
significant p-values

Logistic regression
to calculate odds 
ratio and p-value of 
misclassified 
dataset

Initial dataset 
including dose 
and generated 
outcome data with 
an odds ratio of 
1.001 and p-value 
of 0.998

×20,000 times

Normally it is expected the impact of misclassification would decrease odds ratio and 
increase p-value, which would tend to reduce the significance of conclusion.
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Results I: Percentage of Increased Odds 
Ratios after Misclassification
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Results I: Percentage of Significant p-values 
after Misclassification
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Conclusions I

• In a population with a non-significant odds ratio close to 1.0 (statistically 
non-significant association) and preset over- and under-classification 
rates from 0% to 30%, misclassification errors on death certificates can 
result in 

• increased odds ratio between 48.3% and 51.9% of the time

• significant p-values between 0% and 3.5% of the time

• While misclassification frequently impacted the odds ratio, it rarely led 
to incorrectly concluding that a relationship was statistically significant 
when it wasn't.
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Methods: Initial Dataset Generation II

Generate dose data 
using a log-normal 
distribution with 
predefined values for 
the geometric mean and 
the geometric standard 
deviation

Generate outcome data 
randomly using logistic 
probability function based on 
dose data, pre-set odds ratio and 
outcome baseline

×1,000 times

Select initial dataset
with p-value barely 
larger than 0.05 
(statistically non-
significant association)

odds ratio = 1.39
p-value = 0.05001

𝑝𝑝(𝑥𝑥) =
1

1 + 𝑒𝑒−(𝛽𝛽0+𝛽𝛽1𝑥𝑥)
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Methods: Misclassification Simulation II

Misclassified 
dataset from 
misclassification 
simulation with 
various over- and 
under-classification 
rates

Calculate summary 
statistics of 
percentage of 
increased odds 
ratios, and 
significant p-values

Logistic regression
to calculate odds 
ratio and p-value of 
misclassified 
dataset

Initial dataset 
including dose 
and generated 
outcome data with 
an odds ratio of 
1.39 and p-value 
of 0.05001

×20,000 times
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Results II: Percentage of Increased Odds 
Ratios after Misclassification
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Results II: Percentage of Significant p-values 
after Misclassification
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Conclusions II

• In a population with a non-significant p-value barely larger than 0.05 
(statistically non-significant association) and preset over- and under-
classification rates from 0% to 30%, misclassification errors on death 
certificates can result in 

• increased odds ratio between 8.4% and 44.7% of the time

• significant p-values between 9.8% and 41.5% of the time

• As the rates of the over- or under-classification increased, the 
probabilities of both increased odds ratio and significant p-values 
decreased
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Future Work

• Cancelling out effect between over- and under-classification

• Impact of various factors such as radiation dose distributions, outcome 
baselines, risk levels, significance levels, sample sizes, and confounding 
variables

• Test of different models, such as Poisson model with person-year tables 

• Simulation starting with a misclassified initial dataset to understand how 
it could reflect the true underlying cause of death, providing a more 
applicable approach for real-world situations
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Thank you! 
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