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Introduction

Objectives Time-dependent Cox model

Discussion & Perspectives

Key elements: (on preliminary results)

▪ Significant uncertainty regarding the year of 

exposure (for some organs) from medical sources

▪ Cox models adjusted do not adequately account 

for the effect of organ dose on 𝜆(𝑡) (log-linearity 

assumption does not hold in our study)

▪ Frequentist Cox models can be sensitive to errors 

and do not naturally take uncertainty into account

Perspectives:

▪ Inclusion of participants who responded to the 

questionnaire on paper (to date, only web 

responses have been processed)

▪ Quantifying uncertainties in organ dose estimates

▪ Hierarchical Bayesian regression models to 

consider uncertainties
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Reconstruction of IR doses to 6 target organs

from environmental and medical sources since

birth, for about 40,000 participants.

Estimation of associations between lifetime doses

of IR and chronic diseases, considering exposure

to other risk factors.

Exploring potential associations between cancers

and co-exposure to cumulative IR doses since

birth and chemical pollutants (COREXCA project).

Material & Methods

Cohort: CONSTANCES general population cohort

(managed by UMS 11 Inserm / UVSQ / U Paris Cité / 

U Paris-Saclay)

▪ Socio-demographic, lifestyle and medical history, 

including data from National Health Data System. 

▪ Geocoded residential addresses for about 76,000 

participants

▪ Questionnaire on IR : about 42,000 participants

Dosimetry methods [3]:

▪ Refined by year, age, sex and/or municipality, 

habits

▪ Organ doses estimated per year (from birth until

2020) and cumulated over a lifetime.

Statistical methods:

▪ Monte-Carlo (MC) simulations to estimate the 

average dose and its uncertainty linked to the 

questionnaire data

▪ Time-dependent Cox models [4]

Preliminary dosimetric results

Population study: 21,720 participants (with geocoded

residential history covering the entire follow-up, and

questionnaire data).

Monte-Carlo simulations

Aim: to derive a quantification of the dose uncertainty 

associated with the accuracy of responses to the

questionnaire.

Diagnostic nuclear medicine & CT-scans:

▪ Uncertain doses due to wide age/year at exposure 

range in questionnaire data before 2007

Air travel:

▪ Uncertainty on the number of flights

▪ Uncertainty on the type of destination

Cumulative dose estimates:

▪ For medical exposure simulations, the total average 

cumulative dose is expressed as follows:

𝐷𝑐𝑢𝑚𝑢𝑙,𝑖 = ෍

y = B

y = 2006

𝐷𝑠𝑖𝑚,𝑖,y + ෍

𝑦 = 2007

𝑦 = 2020

𝐷𝑖,y 1

• where 𝐷𝑠𝑖𝑚,𝑖,𝑦 (resp. 𝐷𝑖,𝑦) is the average dose 

simulated (resp. dose non-simulated) for individual 𝑖

and year 𝑦, and B is the birth year of participant 𝑖.

▪ 5th and 95th percentiles have been aggregated to 

produce a global 90% interval.

Figure 3. Cumulative average lifetime organ doses distribution from all sources 

𝜆(𝑡, 𝑋𝑖 , 𝑍𝑖) = 𝜆0 𝑡 exp ෍

𝑘=1

𝑝𝑖

𝛽𝑘𝑋𝑖𝑘 𝑡 + 𝛾𝑍𝑖 (2)

where 𝜆0 𝑡 is the baseline hazard function, 𝑋𝑖 𝑡
(resp. 𝑍𝑖) is the time-varying (resp. time fixed)

covariates, with 𝑝𝑖 the number of longitudinal

measures for each subject 𝑖 ; 𝛽𝑘 measures the

association between longitudinal data and 𝜆 𝑡 , 𝛾
between time fixed covariates and 𝜆(𝑡).

Results: Organ dose (cumulated per year with a 10-

year lag) were associated with cancer incidence for

breast (cases = 479), using attained age as time

scale and adjusting for sex and decade of birth (HR

for 100 mSv : 1.08, 95% CI [1.01;1.16]).

Figure 4. Cumulative average lifetime organ doses per source

Figure 2. Cumulative distributions of aggregated colon dose 

(global view and rescaled 5th – 95th percentiles view) 
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Figure 1. Average annual effective dose  of the 

French population, by sources [2]
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The radiological exposome [1]:

cumulative exposure to ionizing

radiation (IR) since conception.

What are the health effects of 

these cumulative lifetime  

exposures ?

https://www.irsn.fr/sites/default/files/documents/actualites_presse/communiques_et_dossiers_de_presse/IRSN_Rapport%20EXPOP_def.pdf
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