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1 Introduction

Cancers have become one of the leading causes of death in OECD countries, with rates greater than
those of infectious diseases (National Institute of Demographic Studies, Institut National d’Etudes
Demographiques (INED), 2019). However, their prevalence, morbidity and mortality could be
significantly reduced by comprehensive and regular prevention practices (Adami et al., 2001). Despite
the implementation of diverse cancer prevention policies in France over the last two decades to
promote regular use of cancer screenings (organized screening of breast cancer since 2004, colorectal
cancer since 2009, cervical cancer since 2018; financial incentive mechanism for general practitioners
since 2012), the use of cancer screenings remains far below public objectives. For example, the use of
breast cancer screening has even decreased in recent years, with only 50% of eligible French women
screened in 2017, versus 52% in 2014 (National Cancer Institute, Institut National du Cancer (INCa),
2018a). Cancer screening aims to reduce the expected loss amount of damage sustained in the event of
illness (breast and colorectal cancers) or to prevent the occurrence of the illness (cervical and
colorectal cancers). Thus, the demand for cancer screenings is mainly based on self-insurance behavior
but also on self-protection behavior (Ehrlich and Becker, 1972). If cancer screening is expected to
diminish the burden of disease, it also requires immediate monetary and nonmonetary (time, disutility)
costs. Thus, in accordance with human capital models (Grossman, 1972; Cropper, 1977), the decision
to screen should be the result of the individual trade-off between expected utility with and without

costly investment in the stock of health (Newhouse, 2021).

According to the “fundamental screening hypothesis” formulated by Eddy (1980), prognosis should be
a function of how early screening is performed. Since the earliness of the diagnosis of a cancer is a
function of the recurrence of screening, it is the proper follow-up of public health screening
recommendations that is the key to the effectiveness of reducing the burden of disease (Duffy and
Paci, 2012; Marmot et al., 2013). Indeed, 90% of cervical cancers could be avoided by following the
screening recommendations (INCa, 2021a)); 9 out of 10 colorectal cancers can be cured when detected

early (INCa, 2021b), and based on a randomized controlled trial, Shaukat et al (2013) estimated that



individuals who undergo colorectal cancer screening every 2 years are 22% less likely to die from it.
Regular mammography is also associated with earlier cancer detection (INCa, 2018b) since it reduces
breast cancer mortality by approximately 20% for women at average risk (Myers et al., 2015). For
example, a period of 7 to 10 years of regular screening prevents the death of 100 to 300 among
100,000 women (National Health Insurance Fund, Caisse National d’Assurance Maladie (CNAM),

2021a).

Nonetheless, despite numerous studies on the demand for cancer screenings, few have examined the
determinants of regularity of use. Goldzahl and Jusot (2016) studied the individual determinants of
regular mammography use over two consecutive periods and found a positive effect of contact with
the health care system (physician, gynecologist), as well as a negative effect of low income and past
economic precariousness. Under the conceptual framework of the human capital model (Grossman,
1972), regular cancer screening can be interpreted as a recurrent investment to maintain individual
health capital stock and utility over time such that individuals choosing to invest once in their health
capital stock through cancer screening are then expected to pursue. Nonetheless, the conditions of the
individual trade-off may change over time through macro shocks (e.g., screening organization,
reimbursement) and/or heterogeneous individual shock, which can be exogenous (e.g., health state,
cancer of a relative, activity status, negative experience with the screening) as well as endogenous
(e.g., beliefs, risk perception, aging). Thus, this should induce a variety of cancer screening user
profiles, with some individuals having very stable screening behavior (never use or always use) and

others exhibiting more erratic behavior with periods of use and periods of nonuse.

The empirical framework traditionally relates the individual use of prevention to education, age,
income, and access costs (Kenkel, 1994). Age, increasing the health risk and the destruction of the
stock of health capital, should lead to a higher demand for cancer screening (Grossman, 1972; Kenkel,
1994); however, by reducing the period of return on investment over the life cycle (Cropper, 1977), its
effect could ultimately be more ambiguous. Carrierri and Bilger (2013) found a concave effect of age

on cancer screening use; the health-risk effect initially increases the demand, and the life cycle then



takes over after a certain age and decreases the demand. Education and income have linear positive
effects such that they are generally associated with a higher demand for cancer screenings (Kenkel,
1994; Sicsic and Franc, 2014). Access costs can constitute a significant brake on the demand for
screening except when health insurance covers the direct costs of cancer screening (Walsh et al., 2011;
Carrierri and Bilger, 2013). Numerous empirical studies have highlighted the multiplicity of
dimensions that play a role in cancer screening uptake, such as demographic characteristics (Sicsic and
Franc, 2014; Devaux, 2015), risk aversion, information aversion and time preferences (Wu, 2003;
Goldzahl, 2017), health beliefs and knowledge (Klug et al., 2005; Kobayashi et al., 2014), health and
family history (Kash et al., 1992; Sicsic and Franc, 2014), health behaviors (Damiani et al., 2012;
Sicsic and Franc, 2014), or access to the health care system and contacts with physicians (Jones et al.,
2010; Carrierri and Bilger, 2013; Sicsic and Franc, 2014). Following the literature, we focus on the
role played by sociodemographic characteristics (e.g., age, education, conjugal status), care access and
use (living area, use of physicians), and health and behaviors (self-perceived health, chronic disease,

family cancer history, smoking status).

Finally, without considering potential global prevention practice use behaviors, studies of screening
use have most often focused on the use of a single cancer screening action (Wu, 2003; Sicsic and
Franc, 2014). However, following the human capital model, one could expect that an individual
regularly investing in one cancer screening will also invest similarly in the other cancer screenings to
maintain his/her health capital stock. Nonetheless, this assumes that barriers and levers are common
across cancer screenings when they could be specific. In addition to the specifics of each screening
(e.g., eligibility), aversion to the test, for example, is stronger for colorectal cancer screening than for

breast cancer or cervical cancer screenings (Lo et al., 2013).

Our study aimed to address the lack of literature on individual screening behavior over time by
shedding light on the individual patterns of use of 3 cancer screenings, emphasizing both the
recurrence and diversity of use. We focus on the recurrence of use of the three main female cancer

screenings over a period of nearly 15 years (2000 to 2014): breast cancer screening via



mammography, cervical cancer screening via Pap smear, and colorectal cancer screening via fecal
occult blood testing (FOBT), hemoccult and/or colonoscopy (combined under the term
“FOBT/colonoscopy”). FOBT and hemoccult are intended for women at normal risk of colorectal
cancer and are followed by a colonoscopy if positive, while women considered at higher risk (family
history, adenomas, symptoms suggestive of colorectal cancer) should undergo colonoscopy directly
(CNAM, 2020). Note that colonoscopy can be prescribed for purposes other than cancer screening, but
it will still detect abnormalities related to colorectal cancer. In addition to the fact that these screenings
do not concern the same populations of women, it should be noted that the supply and incentive
policies have undergone significant changes in France over the study period. Since 2004, breast cancer
screening has been the subject of a national program targeting all women between the ages of 50 and
74. Every two years, they receive an information letter and an invitation for a free mammogram to be
performed in an approved radiology center. Since 2009, colorectal cancer screening has also been the
subject of a national program targeting people aged 50 to 74. Every eligible woman receives an
information letter every two years on colorectal cancer and an invitation to consult with a general
practitioner (GP) for screening. During the consultation, the GP gives the patient a kit that can be used
to obtain a sample at home and send it using a prestamped and prefilled envelope. The only potential
financial burden to the patient is the GP consultation. If the patient is at high risk, the GP directly
prescribes a colonoscopy with a specialist, which may lead to a higher financial burden. Concerning
Pap smear, a national screening program has been implemented in 2018, after the end of the study
period. During the study period, the Pap smear is either carried out by gynecologists and GPs (more
rarely by midwives, since 2009) or prescribed by GPs and carried out in an analysis laboratory, and
the financial burden for the patient varies depending on the professional. Note that a Pap smear can be
proposed and performed by a health professional (especially gynecologists) during an unrelated
medical visit. Using data from the E3N epidemiological cohort of nearly 100,000 French women over
a period of almost 30 years (www.e3n.fr), our study aimed to describe the screening behaviors for 3
cancers over a long period and the associated individual determinants. Using optimal matching (OM)

methods derived from sequence analysis, we identified groups of 'typical' trajectories of use for each
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of the 3 cancer screenings according to the recommendations in terms of eligibility (age, pathology)
and recurrence of use. Thus, we show that for the use of cancer screening, the behaviors over the long
term ultimately correspond to few typical profiles (very regular use or, conversely, low use or no use
at all) or profiles of breakaway trajectories, namely, women who engaged in screening at a late stage
with respect to their eligibility and then had very regular use (FOBT/colonoscopy) or women who
dropped out even though they were still eligible (Pap smear). In summary, erratic behaviors seem rare.
The analysis of the associations between the typical profiles of use of the 3 cancer screenings supports
the hypothesis that there is a rather consistent use behavior, with some women being highly compliant
and other women never or rarely undergoing screening, especially those who underscreen for breast
cancer. Finally, after identifying typical patterns of use for each cancer screening, logistic and
multinomial regressions were conducted to study the determinants associated with these patterns. For
each cancer screening, regular screening is mainly associated with being in a relationship, having a
family cancer history, not smoking, having a normal body mass index (BMI), and having a rather high
level of physician use. Regular use of breast and cervical cancer screenings is also associated with a
high level of education and living in an area socioeconomically privileged with an abundant supply of

care.

First, we present the data and methods used. Then, we present the results before discussing them and

concluding.

2 Data and methods

2.1 Data

2.1.1 The E3N cohort and study population

Data were derived from the E3N survey, which is a prospective cohort of 98,995 French women
registered at the General Insurance of National Education (Mutuelle Générale de I’Education
Nationale, MGEN) born between 1925 and 1950. The E3N study respects ethical and anonymisation

rules and has been approved since 1988 by the French National Commission of Informatics and
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Liberties (Commission Nationale de I’Informatique et des Libertes, CNIL,
https://www.e3n.fr/confidentialite-anonymat). Between 1990 and 2014, 11 waves of surveys have
been conducted, and each questionnaire includes questions on the performance of screening for breast,
cervical and colorectal cancer. While the E3N data constitute a remarkably rich set of data, they are
not representative of the French population, as 62% of the women were teachers at inclusion and 82%
of them had a higher education (Clavelon-Chapel, 2015). Since 2004, the E3N data have been matched
with the administrative record of health care consumption of the MGEN, making available the annual
amount of ambulatory care consumed by these women. To limit the weight of ineligibility of women
for the 3 cancer screenings in the sequences, we restricted the study population to women who were
born between 1940 and 1950, still alive and followed up in 2009 (at least 10 years of follow-up for
each woman) (Figure A.1 in Appendix A). To limit the number of “uncertain” statuses for the cancer
screening while avoiding a strong selection bias, we restricted the sample to women who completed at
least 3 of the 6 surveys. Finally, considering that women who declared having had cancer (malignant
tumors) before 2009 were undergoing follow-up surveillance over most of the study period, we
excluded them from the study population. Thus, our study population was composed of an unbalanced

panel sample of 40,021 women aged 50 to 60 years in 2000 at the beginning of the study period.

2.1.2 Dependent variables

Figure 1 presents the availability of screening information: the successive screening statuses are based
on the responses to the 6 survey waves (Q6-2000 to Q11-2014), the eligibility of women and the
periodicity recommended by the French High Authority for Health. Women should have a Pap smear
every 3 years between 25 and 65 years old and a mammogram and FOBT/colonoscopy every 2 years
between 50 and 74 years old. Using successive responses to the question "Since your last response to a
questionnaire, what tests have you performed?", we reconstructed the individual screening history a
posteriori by considering the dates of responses to two successive questionnaires to which the woman

responded. Thus, on a given date, a woman is considered "up to date" if she declares that she has
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undergone screening since her last response to a questionnaire and "late" if more than 2 years have
elapsed between her last mammography and FOBT/colonoscopy and 3 years for a Pap smear.
Nonresponse to one or more questionnaires did not usually prevent the status from being defined; if a
woman did not respond to several questionnaires and then declared that she had not been screened
since her last response, she was considered "late" for the entire period between her two responses. If a
woman reported screening, did not respond to the next questionnaire, and then reported screening
again, we considered her to be "up to date" on the questionnaire with the missing response. In the case
of several successive nonresponses, followed by a response where the woman declared to have been
screened since her last response, the status was considered "uncertain” over the period of missing
information (at least 5 years) since it could not reasonably be deduced. Finally, a woman was
considered "ineligible" for screening for a given survey wave if she was not in the recommended age

range or if she had cancer after 2009 (or a hysterectomy for cervical cancer screening).

INSERT FIGURE 1
2.1.4 Independent variables
The variables included in the models, mainly from the survey data, were collected once or appeared in

several questionnaires (Figure 1), in which case we generally defined the status based on the most

frequently observed period.

To characterize the sociodemographic status of women, we use the age at the beginning of the period
(2000), the level of education (1992) and the number of children (1992), the status of the labor market
(2000), and the most frequent conjugal status between 2002 and 2008. To account for the potentially
nonlinear effect of age, we also include age squared (Carrierri and Bilger, 2013). Reduced access to
care associated with costs borne by individuals (time, transport, waiting line) has been highlighted as a
barrier to cancer screening use (Carrierri and Bilger, 2013; Konopka et al., 2019). This barrier may be
enhanced for cervical cancer screening, as Pap smears are mainly provided by gynecologists who
usually charge extra fees and are mainly located in urban areas. Moreover, we consider that cancer

screening uses result from a wide combination of dimensions, some of which characterize women's
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living areas, such as the socioeconomic environment and the adequacy of supply for demand of care.
To take into account those dimensions, we used a typology of French territories at a fine scale (“living
area”) (Chevillard and Mousques, 2018, 2021) that combines several variables with 3 main
dimensions: 1) health care availability and accessibility (e.g., local potential accessibility (Barlet et al.,
2012) to GPs, nurses, midwives, and gynecologists; density of GPs; proportion of GPs older than 55
years); 2) local population characteristics (e.g., rate of elderly persons, employment rate, household
income, mortality); 3) local attractiveness (e.g., average annual net migration, distance to the closest
big city (minutes)). According to their reported place of residence (2008), the women were classified
as living in one of six types of areas: privileged cities or suburban areas (above-average income and
high accessibility to care, especially for specialists); city centers (heterogeneous socioeconomic status,
young population and abundant supply of care); deprived urban or rural areas (mainly in northeastern
France, most fragile population, low employment rate, poorer health status, average accessibility to
care); suburban areas (lower access to primary care, average health status); tourist and retirement areas
(elderly population, well endowed with care); and rural fringes (far from the major urban centers,
elderly, working-class and fragile population, poor supply of care, especially primary care). In
addition, the role of contact with physicians to inform people about screening has also been
highlighted in the literature (Kenkel, 1994; Carrierri and Bilger, 2013). The greater the number of
contacts, the greater the likelihood of opportunistic screening and the greater the opportunity to
promote cancer screenings, especially those not yet covered by national programs. To quantify the use
of physicians, we used the administrative record of health care consumption from 2004 to 2014 to
determine the most frequent quintile of annual number of contacts with ambulatory physicians (e.g.,
GPs, gynecologists). To characterize health status, we used women's perceived health status (2011),
the most frequent BMI category between 2000 and 2011, and an indicator of the occurrence of a
chronic or acute disease between 2004 and 2018 based on the mapping of pathologies and expenses of
the French National Health Insurance (CNAM, 2021b) (Table A.2 in Appendix A). To consider the
effect of cancer occurrence in the women's relatives on their use of screenings, we included an

indicator of cancer occurrence in first-degree family members (parents, children, siblings) declared in
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2000. Finally, to consider risky behaviors, we used smoking status (2005), summarizing changes in

tobacco use from 1990 to 2005.

2.2 Methods

The first step of the study was to identify typical screening use trajectories for each of the cancer
screenings. While the simplest solution would have been a simple count of the status "up to date" over
the period proportional to eligibility, this aggregation would have provided only an average use per
woman over the period without allowing the identification of actual trajectories of screening use. Our
aim was to clearly distinguish a woman who would undergo screening every other time, from a
woman who would undergo screening in the first half of the period and then no longer at all, and from
a woman who would only undergo screening in the second half of the study period. Thus, to better
consider the differences in screening trajectories of women, we used sequence analysis methods.
Based on a holistic approach to individual trajectories adapted to categorical data (Abbott and Forest,
1986), these methods aim to address two main questions (Abbott and Hrycak, 1990): are there
recurrent patterns of individual trajectories, and which are they? What explanatory variables are linked

to these different trajectories?

For a woman and a given cancer screening, a sequence is an ordered vector of the six successive
screening use statuses over the period Q6 (2000) — Q11 (2014). Sequence analysis methods aim to
compare all individual sequences with each other to establish a dissimilarity matrix between sequences
on which clustering methods can be applied to obtain a typology of sequences. Studer and Ritschard
(2016) defined the 5 features of individual sequences that sequence analysis methods can exploit:
experienced states (number of distinct states in the sequence), distribution (total time spent in the
state), timing (date of onset of the state), duration (successive time spent in the state), and sequencing
(the order in which distinct states appear). Depending on the interest in one or more of these features,
various measures of dissimilarities between two sequences have been developed. The most widely

used measure of dissimilarity is based on the optimal matching (OM) algorithm, which originates from
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the comparison of DNA sequences in microbiology, which was then used in sociology and recently

mobilized in public health to describe care pathways (Abbott and Tsay, 2000; Roux et al., 2019).

OM establishes the dissimilarity between two sequences as the minimum cost of virtual editing
operations necessary for the sequence of one individual to become identical to that of another. The
more costly it is to transform the sequence of one individual into the other, the higher the dissimilarity
between the sequences of the two individuals. Editing operations are composed of substitution
operations and insertion/deletion (‘indel’) operations between the different states of the ‘alphabet’ (the
different states a woman can take at each point of her screening use sequence: “up to date”, “late”,
“ineligible”, “uncertain”). Substitution operations correspond to the substitution of a state of one
sequence by that of the second sequence at the same date, while indels consist of inserting a state in
one sequence and deleting another to make it match a segment of the second sequence (an example is
given in Appendix B). To consider the hierarchy existing between the distinct states of our ‘alphabet’,
substitution operations costs are weighted: the cost of being "late" is considered twice as far away
from being "up to date" as being "uncertain", and vice versa, as the substitution matrix is necessarily

symmetric.

To minimize the weight of noneligibility in the sequence comparison, we assigned the minimum cost
for the distance between the "ineligible" state and all other states, i.e., the lowest substitution cost in
the matrix (Figure B.2.1 in Appendix B) (Halpin, 2016). Finally, we defined the costs of indels as half
of the maximum opportunity cost, which is the most common practice and is a specification that
corresponds to the Levenshtein I distance, which is the default distance used by the OM algorithm
(Levenshtein, 1966; Hollister, 2009). The Levenshtein I distance has the advantage of being

particularly sensitive to duration and timing but also, to a lesser extent, to sequencing.

We then applied a partitioning around medoids (PAM) clustering algorithm to the dissimilarity matrix
computed by OM to obtain clusters of individual sequences based on their similarity. The PAM
algorithm is a partitioning algorithm based on k-medoids (class centers) that minimizes the total

dissimilarity between individuals within each cluster (Kaufman and Rousseeuw, 1990). It is the most
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commonly used clustering algorithm in sequence analysis because it looks for a global maximum and
is less sensitive to outliers (atypical sequences). Its limitations are that the number of clusters must be
set a priori, and it relies on the choice of initial medoids. To circumvent the latter issue, the initial
medoids are based on the class centers from a hierarchical ascending classification (HAC) (Studer,
2013). Regarding the choice of the optimal number of clusters, we tested partitions with 2 to 8
clusters, and for each cancer screening, we selected the partition containing the most relevant,

homogenous, and sufficiently large (>5% of the population) clusters.

Note that among our study population, for each screening studied, sequence analysis was performed
only for women eligible for at least 4 of the 6 questionnaires in the study period, i.e., 40,015 women

for mammography, 37,171 women for Pap smear, and 39,961 women for FOBT/colonoscopy.

In a second step, which was restricted to the 37,114 women present in the analysis of trajectories for
all 3 cancer screenings, we studied the distribution of screening trajectory clusters among the lowest
cluster of use of the other two screenings to describe the associations between women's patterns of use
of the different cancer screenings. Finally, to study the determinants of the identified typical
trajectories, for each cancer screening, we performed logistic regressions (mammography clusters) and
multinomial regressions (Pap smear clusters, FOBT/colonoscopy clusters) for the probability of

belonging to each cluster vs. the cluster of women with the lowest uptake.

2.3 Software & packages

Sequence analysis was performed with R software using the packages TraMineR and WeightedCluster

(Gabadinho et al., 2011; Studer, 2013).

3 Results

3.1 Population description
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Table 1 presents descriptive statistics of the study population: women were on average 54 years old in
2000 and mainly lived with a spouse between 2002 and 2008 (75%); most of them had two children
(89%), and 40% of them had a bachelor’s degree or higher. Thus, they are clearly highly educated
compared with the French female population since, on average, only 23% of French women born
between 1941 and 1950 engaged in education after high school (Longone, 1973). At the beginning of
the study period, 45% of the women were already retired, compared with 40% of women aged 50-64
years old in 2004 (Minni, 2006). Regarding living area, 61% of them lived in city centers, privileged
cities or suburban areas, and tourist and retirement areas in 2008, i.e., areas that were rather attractive,
were well-endowed with health care and had a rather high socioeconomic level for privileged cities or
suburban areas and tourist and retirement areas. These three living areas appear to be slightly
overrepresented in our study population; in 2016, they were the place of residence for 54.3% of the
French population, while areas with poorer populations and difficult access to care were
underrepresented, especially rural fringe areas, where 12.4% of our study population lived in 2008
compared with 21% of the French population (Chevillard and Mousques, 2018) (Table A.3 in
Appendix A). Regarding health, 82% of the women reported having very good or good health near the
end of the study period in 2011. If 71% of the women had a chronic or acute condition between 2004
and 2014, only 27% of them still had one when not considering treatment against vascular risk and
psychotropic treatments. Finally, attrition in our population study appeared low, as 87.2% of the

women responded in the last survey wave (Q11 (2014)), and 99% of them were still alive in 2014.

INSERT TABLE 1

3.2 Sequence analysis results

3.2.1 Population use by screening

In the study population, mammography use (Figure C.1 in Appendix C) was very high throughout the
period, with the share of eligible women “in delay” never exceeding 10% between 2000 and 2014. Pap

smear use (Figure C.2 in Appendix C) was also high, with the share of eligible women “in delay”
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never exceeding 30%, despite an ongoing increase over the period. In comparison, the use of
FOBT/colonoscopy (Figure C.3 in Appendix C) was much lower. Nevertheless, while 73% of the
eligible women did not undergo colorectal cancer screening in 2000, the percentage decreased to 28%
in 2014, illustrating the rise in the use of FOBT during the 2000s, concomitant with the introduction of
organized colorectal cancer screening in 2009. Note that the levels of cancer screening in our study
population are higher than those of eligible women in the general population: 52.1% for
mammography in 2014, 59.5% for Pap smear in 2020, and 34.7% for FOBT/hemoccult in 2017 (INCa,

2018a; Public Health France, Santé Publique France (SPF), 2020).

3.2.2 Typology of sequences for each of the 3 cancer screenings
From the matrix of dissimilarities between the sequences computed by OM, we obtained a partition

with clusters grouping women who had similar uptake behaviors for each screening.

Regarding mammography use, Figure 2 (and Figures D.1, D.2, D.7 in Appendix D) shows the stacking
of individual sequences for the two clusters identified. Cluster 1 represents only 12.2% of the
population and includes women with heterogeneous uptake behaviors, with women who never
underwent mammography, others who underwent regular screenings and then stopped while they were
still eligible, and women who alternated between use and nonuse. Cluster 2, which accounts for a large
majority (87.7% of women), is more homogenous and comprises women with a regular

mammography uptake, with a maximum of one period of delay.

INSERT FIGURE 2
For Pap smear use, Figure 3 (and Figures D.3, D.4, D.7 in Appendix D) presents the 4 clusters
obtained. Cluster 1 (13.5%) includes women whose trajectories reflected zero or almost zero use over
the entire period. Cluster 2 (12.3%) includes women whose use was regular at the beginning of the
period and who completely stopped undergoing screening, even though they were still eligible.

Finally, Clusters 3 (37.9%) and 4 (36.3%) include women whose trajectories were in accordance with
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the recommendations, since they were always "up to date" during their eligibility period. As Clusters 3
and 4 differ only in the length of the eligibility period of the women, they were combined for the rest

of the study into a single cluster of regular women ("Regular”, 75%).

INSERT FIGURE 3

Finally, for colorectal cancer screening, Figure 4 (and Figures D.5, D.6, D.7 in Appendix D) presents
the 4 clusters obtained. Cluster 1 (29.7%) includes women whose use was zero or almost zero over the
entire period. Cluster 2 (21.2%) includes women whose use trajectory showed entry into screening
starting from the implementation of organized screening in 2009 and then a continuation in accordance
with the recommendations. Cluster 3 (33.1%) includes women who were not screened at the beginning
of the period, started screening before the implementation of organized screening in 2009 and pursued
screening until the end of the period. Finally, Cluster 4 (16%) includes women who underwent regular

screening from the beginning of the period, with a maximum delay of one period.

INSERT FIGURE 4
The description of our typologies reveals patterns representing fairly stable cancer screening
behaviors: when screening was initiated, women generally seemed to use it regularly; conversely, once
they left the screening process, they usually did not return to it. Due to the stability of behaviors, it
appears relevant to investigate the consistency of these behaviors across the different cancer screening
types. In other words, the question is whether there is an overall use (or nonuse) behavior between the
three cancer screening types or whether, for example, women screen regularly only for one cancer.
Similarly, it is interesting to explore whether the determinants associated with a high (or low) uptake

trajectory are common or specific to each cancer screening.

3.3 Associations between cancer screening trajectories and individual determinants
Figure 5 presents the distribution of each cancer screening use cluster among the lowest use clusters of

the other two cancer screenings (‘Irregular’ for mammography, ‘Nonuse’ for Pap smear and
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FOBT/colonoscopy). This highlights a gradient in the level of screening: a woman belonging to the
cluster of women who screened less for one type was more likely to belong to the clusters of women
who screened less for the other two screening types. For example, 38% of women who do not screen
regularly for mammography belong to the cluster of women who never undergo Pap smears, and 59%
belong to the cluster of women who never undergo FOBT/colonoscopy; while only 10% and 26% of
women who screen regularly for mammography belong to the cluster of women who never undergo
Pap smear and FOBT/colonoscopy, respectively. The associations between the levels of use of the
three cancer screenings also appear to be intertwined. Indeed, the association between irregular
mammography use and nonuse of Pap smears and FOBT/colonoscopy seems stronger than the
association between nonuse of Pap smears or FOBT/colonoscopy and irregular mammography use.
Similarly, the association between nonuse and ceasing Pap smear use seems more strongly associated
with irregular mammography use and nonuse of FOBT/colonoscopy than nonuse of

FOBT/colonoscopy with nonuse of Pap smears or mammography.

INSERT FIGURE 5

Table 2 presents the results of logistic and multinomial regressions conducted for each screening based
on the probability of belonging to a cluster vs. the cluster of women with the lowest utilization:

"Irregular” for mammography, "Nonuse" for Pap smear, and "Nonuse" for FOBT/colonoscopy.

First, for each cancer screening, we analyze the factors associated with belonging to the highest vs.
lowest use cluster. Determinants appear very common between high vs. low mammography and Pap
smear use, while they are more different for FOBT/colonoscopy. The main differences belong to the

effect of sociodemographics, particularly education and living areas.

Regarding the use of mammography and Pap smear, age has an expected negative effect: the older a
woman is, the less likely she is to belong to the "Regular” cluster, as well as to the "Regular to nonuse"
cluster for the Pap smear. While having had children only has a protective effect for women for Pap
smears, being in a relationship is highly protective for the two screenings. As expected, the level of

education strongly influences the use of screenings such that the higher the level of education of a
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woman, the higher the probability that she belongs to the "Regular" cluster for mammography or Pap
smear. Likewise, living in privileged cities or suburban areas, compared with any other type of living
area, constitutes a protective characteristic. Note that these living areas are characterized by fairly
abundant healthcare services and very favorable economic conditions in terms of income and
employment rate, for example (see Chevillard and Mousques, 2021). In addition, as expected, being
among the women who consult on average the most doctors per year greatly increases the probability
of belonging to a "regular" cluster. The characteristics associated with health also have a strong
influence on the use of screening: having a BMI outside the “normal” range constitutes a barrier to
screening, particularly for obese women who have the lowest probability of belonging to a “regular”
cluster for mammography or Pap smear. Women who report being in very good health are the most
likely to belong to a "regular” cluster, as are those who report having close family members who have
had cancer. Finally, women who smoke have a lower probability of belonging to a “regular” cluster

for mammography or Pap smears than women who have never smoked.

The analysis of the characteristics of women for the different clusters of colorectal cancer screening
use (FOBT/colonoscopy) compared with the “Nonuse” cluster shows that the determinants that
characterize women belonging to the "Regular" cluster for mammography and Pap smear are the
closest to those of the "Regular after 2009" cluster. This is particularly the case with the negative
effect of age, the protective effect of a high level of education, the protective effect of a large number
of contacts with doctors and the different health characteristics. Indeed, as with mammography and
Pap smears, being obese or overweight, having poorer self-perceived health and being a smoker
appear to be strong barriers to using FOBT or colonoscopy. One of the characteristics that seems to
differentiate the women from each of the different use clusters for FOBT/colonoscopy is having a
history of relatives who have had cancer.
Indeed, women who reported having one or more family members who had cancer have higher
chances to belong to the cluster of women who underwent FOBT/colonoscopy over the entire period
(“Regular”) or initiated it before 2009 (“Regular before 2009”). In contrast, having relatives who have

had cancer is nonsignificant for women entering colorectal cancer screening after 2009 (“Regular after
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2009”). As a reminder, national, organized and free screening for colon cancer (FOBT) was introduced

in France in 2009.

INSERT TABLE 2

3.4 Robustness analysis
Several robustness tests were performed to ensure that the resulting partitions encapsulated the main

typical screening behaviors s for each cancer screening.

First, regarding the restriction of the sample, we replicated the analysis with 3 different samples: 1)
women who answered all the questionnaires (n=28,071) mainly to avoid the status “uncertain”
(Figures E.1.1 — E.1.3 in Appendix E); 2) women born between 1945 and 1950 (n=24,405) to test the
impact of ineligibility (Figures E.2.1 — E.2.3 in Appendix E); and, finally, 3) women born between
1935 and 1950 (n=51,555) (except for the Pap smear because women born in 1935 were already 65
years old at the start of period Q6 (2000)) (Figures E.3.1, E.3.2 in Appendix E). Varying the sample
restriction conditions affected the number of clusters identified by the OM, their quality (homogeneity
and relevance) and the relative distribution of women among the typical screening use patterns;
however, as expected, no new relevant typical pattern of screening use was identified (such as an

entire cluster or part of a cluster).

Regarding the method, several dissimilarity measures were tested to assess the sensitivity of our
results: (a) the generalized Hamming distance (sensitive only to timing), (b) the longest common
subsequence (LCS) (Elzinga, 2007) (sensitive only to sequencing) and (c) the localized OM (more
sensitive to sequencing and less sensitive to timing). The OM with the Levenshtein I distance was
preselected for its simplicity and properties (mainly sensitive to timing and duration but also to
sequencing) and then validated because the clusters obtained were more relevant and homogeneous for
most cancer screenings than with other distances. In addition, none of these other dissimilarity
measures revealed any new relevant pattern of screening use over those already identified; only the
number of clusters, their relevance and their homogeneity were altered. Note that the Levenshtein I

and the localized OM measures both result from the closest partitions for the 3 cancer screenings,
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which was expected since they are based on the same common base, namely, editing operations with
hierarchical substitution costs. The LCS (b) and, to a lesser extent, the Hamming distance (a) yield
partitions further away from those obtained with the Levenshtein I measure, which was also expected
because these 2 distances represent extreme cases of the OM and can be interpreted as bounds of the
sensitivity of clusters to timing (a) and sequencing (b). The results of these tests are available upon

request.

4 Discussion

The objective of this study was to construct a typology of breast, cervical and colorectal cancer
screening use over a long period of time, considering women's eligibility, regularity, and trajectory of
use. The typical profiles identified by OM show rather stable and homogenous behaviors for the three
cancer screenings studied: some women had a very regular use of screening, others had little or no use
of screening, and more interestingly, some women had a break in behaviors, either by entering
screening late and then regularly following the recommendations (FOBT/colonoscopy) or, conversely,
by dropping out of regular use and stopping screening (Pap smear). Women alternating between
periods of use and nonuse were rare enough that their behavior was identified as a typical trajectory
only for mammography. These results seem to indicate that, in general, once a woman entered
screening use, she underwent regular screening, and conversely, once she left, she did not reenter. In
our population study, routine use of mammography appeared to be the easiest (88% of women
classified as regular), followed by Pap smears (75% of women classified as regular). However, with
30% of women classified as never having used FOBT or colonoscopy despite the introduction of
organized screening in 2009, routine use of FOBT or colonoscopy appears to be more difficult to

achieve.

The nonuse of colorectal cancer screening, even among women who are routinely screened for breast

and cervical cancer, may be due to a stronger disutility of the FOBT and hemoccult tests and a fear of
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colonoscopy (Chapple et al.,2008; Lo et al.,2013). In particular, there is a strong link between
nonregular mammography use and nonuse of the other two screenings. Furthermore, the associations
between the patterns of use of the 3 cancer screenings suggest that there is a consistent overall pattern
of use, with some women repeatedly investing in cancer screenings and others undergoing screenings
less often. Targeting women who do not screen regularly for breast cancer would therefore make it

possible to identify women who are particularly unlikely to adopt a broader prevention approach.

The analysis of the determinants of the typical behaviors of screening highlights that the factors
related to the types of trajectories were similar overall, with some exceptions for the
FOBT/colonoscopy clusters of women screened before the organized screening in 2009, which had
slightly different sociodemographic and living environment characteristics. As colorectal cancer
screening was less well known in the early 2000s, we can assume that women screening several times
for colorectal cancer before the implementation of organized screening had specific needs. This
hypothesis is supported by the fact that women with poorer self-perceived health in 2011, acute or
chronic conditions over the period and a family cancer history in 2000 are more likely to belong to the
clusters of women who underwent screening before 2009 rather than the cluster of women who began
screening after 2009 or never underwent screening. There was an overall favorable effect on the
probability of screening regularly for being in a relationship, not smoking, being younger, having a
normal BMI, having a family cancer history, and visiting doctors. For mammography and Pap smears
(and entering colorectal cancer screening after 2009), there was also a favorable effect of education
and having very good self-perceived health. The positive relationship between education and
investment in health was theorized by Grossman (1972), namely, people who are more educated
produce more efficiently health, and has been empirically verified numerous times (Kenkel, 1994;
Carrierri and Bilger, 2013; Sicsic and Franc, 2014). The positive effect of being in a relationship is
also consistent with the literature and may be related to higher peer pressure to screen regularly for
cancer, less isolation and contact with gynecologists (Sicsic and Franc, 2014; Konopka et al., 2019).
The positive effect of the number of contacts with physicians may result in direct physician screening

recommendations and more information about cancer risks and screening benefits (Kenkel, 1994;
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Carrierri and Bilger, 2013), with the demand for curative and preventive care being complementary
(Cabral and Cullen, 2017). The negative effect of age on the probability of being classified as
screening regularly for breast and cervical cancers supports the life cycle hypothesis (Cropper, 1977):
women with shorter pay-off periods are less incentivized to invest in their health capital stock through
preventive care. Similarly, for these two cancer screenings, this may explain the positive effect of
poorer perceived health on the probability of being classified in the lowest screening use clusters.
These statements can be extended to colorectal cancer screenings as, except for women who had
already been screening regularly since the beginning of the period, age increases the probability of
belonging to the cluster of women who never screen. Note that the global linear effect of age may be
due to the lack of age heterogeneity in our study population (women born between 1940 and 1950).
Regarding the negative effect of having a chronic or acute illness on the probability of screening
regularly for cervical and colorectal cancers, it has been shown that the discovery of a new illness for
people already having health issues may lead to higher costs and more difficult treatment and
rehabilitation (Nordin et al., 2002), access to screening may be more difficult for individuals with
physical limitations (Bussiere et al., 2015), and people with poorer health have higher information
aversion and screening anxiety (Wu et al., 2003). The strong association between having a
“nonnormal” weight, particularly being obese, and lower use of cancer screenings has already been
highlighted in the literature and may be explained by a higher discomfort of screening (Wu et al.,
2003; Seibert et al., 2017). As expected, family cancer history is associated with a greater probability
of screening, especially for colorectal cancer, which distinguishes the clusters of women regularly
screened before the implementation of organized colorectal cancer screening (2009) and the clusters of
women never screened or who began screening afterward. The negative effect of smoking on the
probability of screening regularly is consistent with the literature, as the correlation between primary
prevention through healthy lifestyles and secondary prevention has already been highlighted in the
literature (Genier and Jacobzone, 1998; Wu et al., 2003; Sicsic and Franc, 2014). Finally, for breast
and cervical cancer screenings, living in a privileged city or suburban areas with a high standard of

living and good access to care, particularly to specialist physicians, has a positive effect on the
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probability of being classified in the cluster of women that screen regularly. As expected, living in
areas with lower socioeconomic conditions and limited access to care, particularly to specialists
(suburban areas, deprived rural or urban areas, rural fringes), has a particularly strong negative effect

on the probability of screening regularly for cervical cancer.

Finally, the high stability of cancer screening behavior supports the idea that screening use in the
previous period would be the main predictor of screening use, which is in accordance with the
integrated behavior model theory, according to which the habit of a behavior is a direct predictor of its
achievement (Montano and Kasprzyk, 2015). Habit reduces the cost of the effort associated with the
behavior and modifies the conditions of the individual trade-off made. From the individual's point of
view, the cost of entry into cancer screening seems much higher than the cost of its renewal.
Moreover, this stability of cancer screening behavior helps to explain the fact that the determinants
associated with recourse over several years are ultimately very similar to those identified by the
literature for recourse at a single point in time. Therefore, the barriers associated with cancer screening
behavior already identified appeared to have a persistent effect over time, resulting in the prevention
of some women from entering a screening process. Recalling the association of age, the level of
education, and poorer health, with a low or even almost nonexistent level of use of screening, we can
think of an accumulation of inequalities in use over time and, ultimately, a reinforcement of social

inequalities in health.

Nevertheless, our study has some limitations. Several of these are related to the nature of the E3N
cohort and the data collection methods. First, the women surveyed were not representative of the
French population, as they had, on average, a higher socioeconomic level, a higher education level,
were overrepresented in living areas with fairly good access to healthcare and, finally, had higher
levels of cancer screening use. Even if there is no reason to believe that a representative sample of the
population would lead to obtaining different typical screening patterns, it is nevertheless reasonable to
assume that in our particular sample, for each type of cancer, the proportion of women who were

screened very regularly was overestimated and the one of women who never or rarely underwent
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screening was underestimated. By considering the determinants of regular vs. low use, our results
suggested that this bias essentially leads to an underestimation of the negative effect of the
determinants of very low use. For example, if being obese increases the probability of never having
been screened for cancer despite a high socioeconomic level, it is likely that this effect is even stronger
in the general population. Another bias may result from the constitution of our sample since we
restricted our population to women who answered at least 3 questionnaires over the study period. The
correlation between the regularity of responses to health surveys and compliance with screening
recommendations over 10 years may have led to an overrepresentation of women who underwent very
regular screening and an underrepresentation of women who never or rarely underwent screening.
Robustness checks suggested that this did not modify the typical screening patterns identified.
However, to limit this source of bias, we allowed the women in our study sample to not answer all the
questionnaires between 2000 and 2011 even though this introduced an “uncertain” screening status the

sequence analysis.

Two other sources of bias may be due to memory and social desirability. Memory bias, however,
should be limited by the fact that this was a prospective study. In our context, social desirability bias
would lead women to overestimate their use of screening. However, this bias should be balanced with
the results of studies that have shown that reported Pap smear use levels were close to the levels
observed in administrative data (Constantinou et al., 2016). Despite the richness of the data, some
determinants of screening uptake known to play an important role, including risk aversion, risk
perception, information aversion and time preferences, were not available in our study (Goldzahl,
2017). Finally, the static structure of the multinomial regressions carried out does not sufficiently
allow us to study the factors associated with a change in behavior. This is especially the case for Pap
smear and FOBT/colonoscopy use. Further analyses must be conducted to understand factors

associated with an early exit or a late entry into the uptake of screening.

Beyond clusters, sequence analysis itself has several limitations. The main limitation of using OM is

the assignment of indel and substitution costs, which necessarily contain arbitrary assumptions (Wu,
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2000). This is limited in our case by the natural existing hierarchy between the statuses and the regular
time intervals between survey waves, which limits the sensitivity of the OM to the attribution of
editing costs (Lesnard, 2014). In addition, the results of the various robustness checks allow us to be
confident in the relevance of our results. A strength of sequence analysis is that it does not require any
hypothesis on the sequence generating process; however, the typology obtained cannot be validated
and tested formally (Hennig and Liao, 2013). Nonetheless, the analysis of both the 20 most frequent
sequences per cluster (Figures D.2, D.4, D.6 in Appendix D) and state transition matrices (Figure D.7
in Appendix D) seems to indicate that within the clusters, deviations from the typical pattern identified
are small compared with the typical pattern, and misclassifications are scarce. Different robustness
tests were conducted by varying the dissimilarity measure and the sample and suggested that the

typical screening trajectories identified were relevant.

Conclusion

Despite its limitations, our database is extremely rich and allows us to study typical individual patterns
of the use of 3 different cancer screenings over a period of almost 15 years. Our results show that there
are few typical cancer screening behaviors in the long run and that they appear stable. Indeed, for each
cancer screening, some women showed very regular use, others showed irregular use(mammography)
or no use (Pap smear, FOBT/colonoscopy), and a rare few others showed a break in their screening
behavior (Pap smear, FOBT/colonoscopy). Thus, habit seems to be an important determinant of
recurrent cancer screening behavior. More generally, there appears to be an overall pattern of use, with
a rather strong association between insufficient screening for breast cancer and never screening for
other cancers. This pattern needs to be explored more deeply, as it could facilitate particularly
effective targeting of women in a combined screening approach. As screening behavior appears stable
over the long term, incentive policies should be more strongly targeted toward people outside the use

of cancer screening, as these people are also likely to be less educated in poorer health and more
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distant from the health care system. Finally, the factors associated with late-entry behavior in or early
exit from cancer screening need to be explored in more detail to understand what factors are associated

with women's entry into and exit from cancer screening.
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Tables

Table 1. Descriptive statistics of the study population

N (40,021) o

Socio-economic characteristics

. [50-54] 21,147 52.8%
Age in 2000 [55-60] 18,874 47.2%
Children Yes 35,668 89.1%
Most frequent conjugal status between 2002 and Single 2,255 5.6%
2008 Relationship 29,982 74.9%

Separated or widow 7,784 19.4%
Professional activity in 2000 222:: J ﬁ:gé? Zggz‘:
< High-school diploma 3,651 9.1%
< Bachelor's degree 19,145 47.8%
Education < Master's degree 8,827 22.1%
> Master's degree 7,05 17.6%
Non-response 1,348 3.4%
Access and use of care
Privileged cities and suburban areas 8,776 21.9%
City centers with heterogenous socioeconomic status 11,954 29.9%
Territory of life in 2008: Tourist and retirement areas 3,703 9.3%
attractiveness and access to care * Suburban areas 6,715 16.8%
Deprived urban or rural areas 3,912 9.8%
Rural fringes 4,961 12.4%
Q1 3 physicians per year
Annual median use of ambulatory physicians Q2 5 physicians per year
between 2004 and 2014 by most frequent quintile of Q3 7 physicians per year
use 04 9 physicians per year
05 13 physicians per year
Health and behaviors
Normal 26,628 66.5%
Most frequent BMI's category between 2000 and Underweight 1,193 3.0%
2011 Overweight 9,317 23.3%
Obese 2,883 7.2%
Very good 9,557 23.9%
1o
Self-perceived health in 2011 f;’e"r‘ige or poor ?1 ;ZS ? ;:g L;‘:
Non-response 2,092 5.2%
All 28,702 71.7%
Acute or chronic disease between 2004 and 2014 ° Excluding psychotropic treatments and vascular risk 10773 26.9%
treatments ’ )
Family cancer history in 2000 Yes 18,171 45.4%
Never smoker 24,996 62.5%
Smoking status in 2005 Former smoker 11,581 28.9%
Smoker 3,444 8.6%
Attrition and number of responses
3 (minimum) 2,369 5.9%
Number of questionnaires answered j‘; ngg ?56:/0%
6 (maximum) 28,071 70.1%
Answer to the last questionnaire (2014) Yes 34,891 87.2%
Alive in 2014 Yes 39,590 99%

2Based on Chevillard and Mousques (2018, 2021)

b Based on the Mapping of pathologies and expenses of the French National Health Insurance (CNAM, 2021b): cardioneurovascular disease,
diabete, vascular risk treatment, chronic respiratory diseases, psychotropic treatments, liver or pancreas diseases, HIV/AIDS, degenerative
neurological diseases
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Table 2. Determinants of the probability of belonging to a cluster other than the cluster of
women with the lowest level of use for each cancer screening type

Mammography Pap smear clusters: FOBT & colonoscopy clusters:
clusters:
“Regular” ""Regular to ""Regular" "Regular before "Regular after ""Regular"
(ref: "Irregular™) nonuse' (ref: "Nonuse") 2009" 2009" (ref: "Nonuse")

(ref: "Nonuse")

(ref: "Nonuse")

(ref: "Nonuse")

(Intercept)

10.76***(8.85,13.1)

1.03 (0.79,1.33)

7.59***(6.24,9.25)

1.27**(1.08,1.49)

0.85 (0.71,1.02)

0.59***(0.48,0.72)

Socio-demographic characteristics

Age in 2000 (normalized)
Age
Age?

0.88*** (0.84,0.91)
0.97 (0.94,1.01)

0.83***(0.79,0.87)
1.02 (0.97,1.06)

0.81***(0.78,0.84)
1.01 (0.98,1.05)

0.95%*%(0.92,0.98)
0.97* (0.94,0.99)

0.88***(0.85,0.91)
1.01 (0.98,1.04)

1.09%**(1.04,1.13)
0.97 (0.94,1.01)

Children (ref: No)

Yes | 1.1(0.98,1.24)

| 1.1(0.95,1.28)

1424+ (127,16) |

1.01 (0.92,1.12)

0.98 (0.87,1.09)

1.04 (0.92,1.18)

Most frequent conjugal status between 2002 and 2008 (ref: Relationship)

single | 0.73***(0.63,0.85) | 0.71***(0.58,0.85)
Separated or widow | 0.69***(0.64,0.75) | 0.94 (0.85,1.04)

0.53%+*(0.46,0.61) |
0.76*** (0.7,082) |

0.93 (0.82,1.07)
0.86***(0.81,0.92)

0.86 (0.74,1.1)
0.88***(0.82,0.94)

0.97 (0.83,1.15)
0.83*** (0.76,0.9)

Professional activity in 2000 (ref: Retired)

Active | 1.06 (0.98,1.15) | 0.99 (0.9,1.11) 1.08 (0.99,1.17) | 0.96 (0.89,1.02) 0.95 (0.88,1.02) 0.93 (0.85,1.01)
Education (ref: < High-school diploma)
< Bachelor's degree | 1.36*** (1.23,1.51) | 1.02(0.89,1.17) 1.18* (1.06,1.31) 1.1* (1.01,1.21) 1.13* (1.02,1.26) 0.98 (0.88,1.09)
< Master's degree 1.34**%* (1.19,1.5) 1.15(0.98,1.34) 1.39%%%(1.23,1.57) 1.14* (1.03,1.26) 1.13* (1.01,1.27) 0.89(0.79,1.01)
> Master's degree | 1.44%**(1.27,1.63) | 1.02(0.86,1.21) 1.34**%(1.18,1.52) | 1.09(0.98,1.21) 1.15*% (1.02,1.3) 0.99 (0.87,1.12)
Non-response | 1.06 (0.89,1.27) 1.15 (0.95,1.31) 1.14 (0.94,1.38) 0.88 (0.75,1.03) 0.9 (0.75,1.08) 0.83 (0.68,1)
Access and use of care
Living areas in 2008: attractiveness and access to care ? (ref: Privileged cities or suburban areas)
City centers with
heterogenous socioeconomic | 0.88** (0.81,0.96) 0.88 (0.77,1.01) 0.87** (0.79,0.95) 1.1*%*(1.03,1.18) 1.04 (0.96,1.13) 1(0.92,1.09)

status

Tourist and retirement areas
Suburban areas

Deprived urban or rural areas

Rural fringes

0.82** (0.73,0.93)
0.8*** (0.72,0.89)
0.86* (0.76,0.98)
0.81*** (0.73,0.91)

1.11 (0.94,1.3)
0.88 (0.77,1.01)
0.76***(0.65,0.88)
0.91 (0.79,1.05)

0.86* (0.76,0.97)

0.74***(0.67,0.82)
0.65***(0.57,0.73)
0.71*** (0.64,0.8)

0.85** (0.77,0.94)
1.1* (1.02,1.2)
1.17** (1.06,1.3)
0.96 (0.88,1.06)

1.08 (0.97,1.21)
1.07 (0.97,1.17)
1.08 (0.97,1.21)
1.06 (0.95,1.17)

0.78***(0.69,0.88)
1.07 (0.97,1.18)
0.93 (0.82,1.05)
0.97 (0.87,1.08)

Most frequent quintile of annual use of ambulatory physicians between 2004 and 2014 (ref: Q2/Q3/Q4)

Q1
Q5

0.35%** (0.33,0.38)
1.18*** (1.09,1.29)

0.9%* (0.81,0.99)
1.07 (0.95,1.2)

0.39***(0.36,0.42)
1.41%**(1.29,1.54)

0.44**%(0.41,0.47)
1.32%%%(1.24,1.42)

0.62***(0.57,0.66)
1.1** (1.01,1.19)

0.41***(0.38,0.45)
1.65%**(1.53,1.79)

Health and behaviors

Most frequent BMI's category between 2000 and 2011 (ref: Normal)

Underweight | 0.71*** (0.6,0.84) 0.75* (0.59,0.96) 0.79** (0.66,0.94) 0.91 (0.78,1.06) 0.97 (0.82,1.15) 1.02 (0.85,1.22)
Overweight | 0.75*** (0.7,0.81) 1(0.91,1.11) 0.71***(0.66,0.76) 0.84***(0.79,0.89) 0.88***(0.82,0.95) 0.84***(0.78,0.9)
Obese | 0.5*** (0.46,0.56) 0.86* (0.74,0.99) 0.47%**(0.42,0.53) | 0.6***(0.54,0.66)  0.76***(0.68,0.85)  0.53***(0.46,0.6)
Self-perceived health in 2011 (ref: Very good)
Good | 0.89** (0.82,0.97) 0.88%* (0.79,0.97)  0.81***(0.74,0.87) | 1.11***(1.05,1.19) 1.04 (0.97,1.11) 1.22%*%(1.12,1.32)
Average or poor | 0.56*** (0.5,0.62) 0.86* (0.74,0.99) 0.58***(0.52,0.65) | 0.95 (0.86,1.04) 0.85** (0.77,0.95)  1.16* (1.03,1.29)
Non-response | 0.37*** (0.32,0.42) 0.52*%**(0.42,0.63) 0.64***(0.55,0.73) 0.41***(0.36,0.46) 0.17***(0.14,0.21) 0.67***(0.58,0.77)
Acute or chronic condition between 2004 and 2014 ® (ref: No)
Yes | 1.02 (0.95,1.11) | 1.01(0.91,1.11) 0.83***(0.77,0.89) | 0.96 (0.9,1.02) 0.97 (0.9,1.03) 0.9** (0.83,0.97)
Family cancer history in 2000 (ref: No)
Yes | 118*** (112,1.26) | 1.04(096,1.12) 1% (1.04,1.18) | 1.22°"%(116,1.29) 105 (1,1.12) 1.55%%*(1.46,1.65)

Smoking status in 2005 (ref: Never smoker)

Former smoker | 0.99 (0.92,1.06) 1.09 (0.99,1.19) 1.1%* (1.04,1.18) 0.95 (0.9,1.01) 0.99 (0.93,1.05) 0.95 (0.88,1.02)
Smoker | 0.7*** (0.63,0.78) 0.97 (0.85,1.12) 0.85** (0.76,0.94) | 0.68***(0.62,0.74)  0.69***(0.62,0.76)  0.68***(0.61,0.76)
AIC 28,018 53,616 105,229
N cluster 35,125 4,561 27,580 8,479 13,221 6,387
N total 40,015 37,171 39,961

Exponentiated coefficients; 95% confidence intervals in brackets
* p<0.05; ** p<0.01; *** p<0.001
* Based on Chevillard and Mousques (2018, 2021)
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® Based on the Mapping of pathologies and expenses of the French National Health Insurance (CNAM, 2021b): cardioneurovascular disease,
diabete, vascular risk treatment, chronic respiratory diseases, psychotropic treatments, liver or pancreas diseases, HIV/AIDS, degenerative

neurological diseases

Note: logistic regression for the probability of belonging to the most regular use cluster for mammography; multinomial
regressions for the probability of belonging to each use cluster vs. the lowest use cluster for Pap smear and
FOBT/colonoscopy.

Descriptions of FOBT/colonoscopy clusters:

- "Regular before 2009" -> "Nonuse to regular use before 2009"

- "Regular after 2009" -> "Nonuse to regular use after 2009"

- "Regular" -> regular use throughout the study period
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Figures

Figure 1 Timeline of E3N questionnaires, MGEN data, prevention use variables and

determinants used
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Figure 2 Plot of the individual sequences of mammography use by cluster (% of women)

Mammography clusters

Cluster 1: Irregular (12.2%]) Cluster 2: Regular (87.8%)
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Reading note: The “Irregular” cluster contains 12.2% of the population (N = 40,015), summarized by 337
distinct sequences representing the 4,890 women in the cluster. For each cluster, the graph represents the
stacking of the individual sequences within each distinct sequence.
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Figure 3. Plot of the individual sequences of Pap smear use by cluster (% of women)

Pap smear clusters
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Reading note: The “Nonuse” cluster contains 13.5% of the population (N = 37,171), summarized by 122 distinct
sequences representing the 5,030 women in the cluster. For each cluster, the graph represents the stacking of the
individual sequences within each distinct sequence.
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Figure 4. Plot of the individual sequences of FOBT/colonoscopy use by cluster (% of

women)
FOBT & colonoscopy clusters
Cluster 1: Nonuse (29.7%) Cluster 2: Nonuse to regular after 2009 (21.2%)
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Reading note: The “Nonuse” cluster contains 29.7% of the population (N = 39,961), summarized by 113 distinct
sequences representing the 11,874 women in the cluster. For each cluster, the graph represents the stacking of
the individual sequences within each distinct sequence.
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Figure 5. Distribution of clusters from each cancer screening type among the lowest use

clusters from the other two cancer screening types

A.Distribution of mammography clusters
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C. Distribution of FOBT & colonoscopy clusters
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Reading note: Among women in the "Regular” FOBT & colonoscopy
cluster, 7% belong to the "lregular” mammography cluster, versus
24% for women in the "Nonuse" FOBT & colonoscopy cluster

B. Distribution of Pap smear clusters
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Note: The charts are based on the sample of 37,114 women present in the trajectory analysis for the 3 cancer
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