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Cancer mortality after low dose exposure to ionising radiation
in workers in France, the United Kingdom, and the United States

(INWORKS): cohort study
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ABSTRACT

OBJECTIVE

To evaluate the effect of protracted low dose, low
dose rate exposure to ionising radiation on the risk of
cancer,

DESIGN

Multinational cohort study.

SETTING

Cohorts of workers in the nuclear industry in France,
the UK, and the US included in a major update to the
International Nuclear Workers Study (INWORKS).
PARTICIPANTS

309932 workers with individual monitoring data for
external exposure to ionising radiation and a total
follow-up of 10.7 million person years.

MAIN OUTCOME MEASURES

Estimates of excess relative rate per gray (Gy) of
radiation dose for mortality from cancer.

RESULTS

The study included 103 553 deaths, of which
28089 were due to solid cancers. The estimated

of association, providing indirect evidence
that the association was not substantially confounded
by smoking or occupational exposure to asbestos.

CONCLUSIONS

This major update to INWORKS provides a direct
estimate of the association between protracted

low dose exposure to ionising radiation and solid
cancer mortality based on some of the world’s most
informative cohorts of radiation workers. The summary
estimate of excess relative rate solid cancer mortality
per Gy is larger than estimates currently informing
radiation protection, and some evidence suggests a
steeper slope for the dose-response association in the
low dose range than over the full dose range. These
results can help to strengthen radiation protection,
especially for low dose exposures that are of primary
interestin c y medical, occupational, and
environmental settings.

Introduction
Unlike many carcinogens, which have been reduced
or removed once recognised, the public’s exposure to
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