N

N

Breast Cancer Screening in Women With Multiple Sclerosis:
A Mixed-Methods Study
Chloe Pierret, Lou Philippe, Emmanuelle Leray

» To cite this version:

Chloe Pierret, Lou Philippe, Emmanuelle Leray. Breast Cancer Screening in Women With Multiple Sclerosis:
A Mixed-Methods Study. European Journal of Neurology, 2025, 32 (5), <10.1111/ene.70183). <hal-05081677)

HAL Id: hal-05081677
https://ehesp.hal.science/hal-05081677v1

Submitted on 23 May 2025

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research  des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Distributed under a Creative Commons CC BY-NC 4.0 - Attribution - Non-commercial use - International
License


https://ehesp.hal.science/hal-05081677v1
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

'.) Check for updates

european journal

European Journal of Neurology R !
OT heuro! Ogy

| oRIGINAL ARTICLE CEIEED

Breast Cancer Screening in Women With Multiple Sclerosis:
A Mixed-Methods Study

Chloe Pierret | Lou Philippe | Emmanuelle Leray

Rennes University, EHESP, CNRS, Inserm, ARENES UMR 6051, RSMS U 1309, Rennes, France

Correspondence: Chloe Pierret (chloe.pierret@ehesp.fr)
Received: 13 November 2024 | Revised: 6 March 2025 | Accepted: 25 April 2025

Funding: This work was funded by the ARSEP & EDMUS Foundation, the 'Institut des Neurosciences Cliniques de Rennes’ and the INSPIRE Chair
(EHESP,EDMUS), with the financial support of Matmut Paul Bennetot Foundation. Funding bodies played no role in data access, management, analysis, or
interpretation. They were not involved in writing or reviewing the manuscript, nor were they part of the decision-making process regarding its submission
for publication.

Keywords: breast cancer screening | cohort studies | medico-administrative database | mixed-methods | multiple sclerosis

ABSTRACT

Background: There is little information on breast cancer screening (BCS) practices in women with multiple sclerosis (WwMS).
Objective: To assess and compare BCS rates in WwMS and in the general population and identify barriers and facilitators.
Methods: In a 2012-2020 cohort study, we identified 47,166 WwMS without a history of cancer and matched them (up to 1:4)
to 184,124 controls from the French national medico-administrative database. Mammography rates were compared according
to age, city-level socio-economic status, period, and DMT use. We used logistic and negative binomial models to identify factors
associated with BCS adherence in WwMS. We also carried out semistructured interviews with 20 WwMS and analyzed them
using the empirically inductive method.

Results: Compared with controls, fewer WwMS underwent BCS at least once (69.9% vs. 76.7%, p <0.001) and had a lower bien-
nial mammography rate (0.55 vs. 0.63; p <0.001). Rate differences increased with age. Once stratified on DMT, age-standardized
rates only differed in the non-treated group (0.51 vs. 0.64; p<0.001). Factors associated with lower mammography rates in
WwMS were city-level socio-economic status (mostdeprived vs. least deprived; IRR 0.88 95% CI [0.86-0.91]), long MS dura-
tion (16-25years: 0.91 [0.89-0.94]; ref: <5) and hospitalization (MS-related: 0.85 [0.82-0.88]; non-MS-related: 0.92 [0.89-0.94]).
However, DMT use was associated with higher mammography rates (high efficacy: 1.17 [1.14-1.21]; moderate efficacy: 1.18
[1.16-1.20]). Barriers were physical disability and feeling of excessive medicalization. Facilitators were disability-accessible care
and perception of BCS as a routine procedure.

Conclusion: BCS among WwMS is suboptimal, especially among those not treated by DMT, and needs to be improved.

1 | Introduction screening (BCS) practices. Indeed, BCS plays a crucial role

in early cancer detection and therefore, in better treatment

There is no consensus on breast cancer (BC) risk in multiple
sclerosis (MS) as literature has been diverging depending of
the period, country, or methodology. Some studies found an
excess risk in women with MS (WwMS) [1] [2-4], a decreased
risk [5, 6] or no difference [7-11]. These variations could
be due to case ascertainment bias, specifically different BC

outcomes and survival [12]. Currently, the French Society of
Multiple Sclerosis recommends that WwMS follow the gen-
eral population screening guidelines: all 50- to 74-year-old
women should undergo BCS by mammography every 2years
[13, 14]. In the French general population, adherence to
BCS is 10 points below the European “acceptable level” of
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70% [15, 16]. Moreover, individuals with physical or mental
disability report lower preventive care use, including BCS
[17-19].

There is limited information on BCS in WwMS. A Canadian
study found that WwMS underwent less mammography exams
(~5%) [20], another matched cross-sectional study showed that
regardless of the disability level, WwMS were less likely to re-
ceive a BC diagnosis through screening (vs. symptomatic) than
the population-based controls [21]. This difference was more
pronounced in WwMS with physical disabilities. Additionally,
studies based on Norwegian data reported no difference in BC
incidence in WwMS [8], but a twofold higher BC mortality rate,
compared with the general population. The authors hypothe-
sized a diagnosis neglect due to the misattribution of early can-
cer symptoms to MS [22]. Our group showed a slightly lower
BC risk in WwMS than in healthy controls in France. However,
once adjusted on BCS, this difference was no longer significant
[6]. Lastly, an USA qualitative study reported that MS-specific
barriers to BCS were mostly related to physical disability (e.g.,
transportation, examination positioning, medical professional
attitudes) and feelings of excessive medicalization (e.g., “having
enough to handle”) [23].

These studies and the high risk of physical disability in MS sug-
gest a lower adherence to BCS, and subsequent increased time
to diagnosis and treatment, but this has yet to be formally as-
sessed and quantified. Moreover, the driving factors are still to
be determined. The present study, through a mixed-methods ap-
proach, aimed to compare mammography rates in WwMS and
matched controls from the general population and identify BCS
barriers and facilitators.

2 | Methods

In the mixed-methods approach, a research question is ad-
dressed with a quantitative and a qualitative approach. In the
present study, both components were collected and analyzed
separately, and findings were integrated during the interpreta-
tion stage, following a parallel analysis method [24].

No history of cancer

Index date

2.1 | Quantitative Component
2.1.1 | Population

This retrospective cohort study used data from the Systéme
National des Données de Santé (SNDS), the French national
medico-administrative database that covers 99% of the French
population [25]. It collects data on any healthcare consumption
conducted in France, including hospitalizations (in- and outpa-
tient), ambulatory care, and screening procedures.

This study included all WwMS eligible for BCS in France between
2012 and 2021 and without a history of cancer in the 3years be-
fore inclusion. WwMS were included at the latest date among the
following: January 1, 2012, date of MS identification, or 50th birth-
day, which was defined as the index date. They were followed until
the first censoring event: December 31, 2021, their 75th birthday,
first cancer treatment (not restricted to breast cancer), or death.
WwMS with less than 2years of available follow-up were excluded.
Up to four controls, matched exactly on birth year, health insur-
ance status, residence, and index date were included (Figure 1).
WwMS were selected from the French medico-administrative MS
cohort. MS was identified through an algorithm using MS long-
term disease status (LTD), hospitalizations, and MS-specific drug
prescriptions and previously used in MS studies [6, 26-30].

2.1.2 | Outcomes & Additional Data

The main outcome was the biennial mammography rate, de-
fined as the mammography incidence per person per 2years
(i.e., two-person-years) over follow-up. If the population fol-
lowed the national guidelines of one mammography every
2years, the observed biennial mammography rate would be 1.
Additionally, two secondary binary outcomes were computed:
(i) having undergone at least one mammography during the
follow-up period and (ii) having done at least one mammogra-
phy every 3years. The interval period was made longer than
the national BCS guidelines (2years) to account for potential
organizational and appointment availability challenges while
still identifying individuals with consistent BCS behavior.

Follow-up period |

End of follow-up

¢

Latest date between:

MS 1. MS identification date

2. 50th birthday
(BCS eligibility start)
3. Start of study
period: Jan 1, 2012

Index date from matched
MS participant

Controls

FIGURE1 | Quantitative study design.

*>—

Earliest date between:
1. Cancer identification date
2. Death
3. End of study period:
Dec 31,2021
4. 75th birthday
(BCS eligibility end)
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All mammography exams related to organized (CCAM code:
QEQK004) and individual (QEQK001, QEQK005) BCS were
collected. The following information also was retrieved:
FDep, an ecological social deprivation index at the city level
(based on the household median income, percentage of high
school graduates, percentage of industrial and manual work-
ers and unemployment rate; quasi-log-linear relationship
with mortality) [31]; individuals with “Couverture Médicale
Universelle” (CMU; universal health insurance) that provides
access to healthcare services to those who may not have ade-
quate coverage and is an indicator of social deprivation; and
healthcare consumption, such as hospitalizations (MS-related
or not) and disease-modifying therapy (DMT) reimburse-
ments to act as proxy variables of the general health state and
MS management. As comorbidities have been shown to be as-
sociated with screening adherence [32], the mortality-related
morbidity index (MRMI) was calculated at baseline. The
MRMI is a validated morbidity score, developed specifically
for the French database, predictive of all-cause mortality that
was and that has been shown to be more discriminant and
better calibrated than the age-adjusted Charlson Comorbidity
index in these data [33]. MS duration was defined as the time
between MS identification in the database and cohort entry.

2.1.3 | Statistical Analysis

The main outcome, biennial mammography rate, was com-
pared between WwMS and controls, overall and stratified by
age groups, region of residence, and FDep using the Wald test
for rate ratios. Age-standardized biennial mammography rates
stratified by DMT use of WwMS were calculated and compared
to matched controls (direct standardization). Crude and ad-
justed negative binomial regression models were used to assess
factors associated with the overall biennial mammography rate
by calculating the incidence rate ratios (IRR) and their 95% con-
fidence intervals (CI).

Both secondary binary outcomes were compared between WwMS
and controls with the chi-squared test. Crude and adjusted logis-
tic regression models with the corresponding odds ratios (OR)
and 95% CI were computed. All adjusted models included age,
FDep quintile, MS duration, region of residence, being a bene-
ficiary of the CMU at inclusion, MS-related and non-MS-related
hospitalizations in the year before inclusion, MRMI comorbidity
score, paraplegia, and reimbursement of at least two MS-specific
DMT during the observation period. The logistic models also in-
cluded follow-up duration and inclusion year.

Missing data were assessed by comparing characteristics be-
tween complete-case and the total population. Data imputation
by predictive mean matching was performed using the ‘mice’ R
package as a supplementary analysis.

2.2 | Qualitative Component

Qualitative data were obtained through semistructured in-
terviews with WwMS eligible to the organized BCS program.
Participants were recruited through a call for testimonies on
social media platforms and on public health and MS-related

websites. This call did not mention BCS and only referred to MS
and preventive services.

An interview guide was drafted and revised after the completion
of a scoping note. Among the 55 eligible participants, 20 were
selected and interviewed by video conference or telephone be-
tween October and November 2023. In a qualitative study, rep-
resentativeness is not sought and diversity in the respondents’
profiles is emphasized, particularly in terms of age, region of
residence, MS duration, and physical disability level. Participant
selection was carried out to maximize diversity of profiles.
Interviews were recorded on Open Broadcaster Software Studio
after acquisition of the informed consent. After interview ano-
nymization and transcription, the audio recordings were erased.
Names were modified in the results. Barriers and facilitators to
BCS in WwMS were identified using an empirically inductive
thematic method in which patterns or themes are identified and
analyzed within qualitative data without imposing preconceived
theories or categories [34]. Key topics were identified by the au-
thors (LP and CP), first individually, reviewed, and combined.

2.2.1 | Data Access & Availability

Data access approvals for the study were obtained as per the
current French legislation (Articles R.1461-11 to R.1461-17 of
the French Public Health Code, CNIL-2016-316) and the study
was declared to the EHESP SNDS registry, equivalent to an
Institutional Review Board approval. According to data protec-
tion and French regulations, the authors cannot publicly release
SNDS data. A request for data reuse may be made, but it would
require the prior approval of the French regulatory authorities.

3 | Results
3.1 | Quantitative Component
3.1.1 | BCSin WwMS and the General Population

The population characteristics are in Table 1. The study pop-
ulation included 47,166 WwMS who were matched to 184,124
controls (Figure 2). Mean age at baseline among both groups
was 56.2+ 6.5years, and the mean follow-up was 7.6 £ 2.6 years,
with 86.6% (n=200,341) being followed up until the end of
the study period (Dec 31, 2021). The mean MS duration was
10.3 +8.4years.

Fewer WwMS had a mammography at least once compared
with controls (69.9% vs. 76.6%, p<0.001) and consistently got
screened at least once every 3years (40.6% vs. 48.0%, p <0.001).
The biennial mammography rate also was lower in WwMS than
in controls (0.55 vs. 0.63, p <0.001).

After stratification by age, the disparity in mammography
rates between WwMS and controls increased with age, from a
relative decrease of 6.6% in the biennial mammography rates
in WwMS in the < 55years group at inclusion (0.59 [0.59-0.60]
vs. 0.63 [0.63-0.64], MS vs. controls, respectively) to a 36.9%
decrease in the >70years group (0.59 [0.58-0.61] vs. 0.37
[0.35-0.40]) (Figure 3). Upon stratification by socioeconomic
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TABLE1 | Baseline and breast cancer screening characteristics (n=

231,290).
Study population Complete case?
MS Controls MS
n=47,166 n=184,124 n=37,792

Socio-demographic characteristics
Age, years
50-55
56-60
61-65
66-70
71-74
Mean +sd
Deprivation index—FDep, quintiles
1st (least deprived)
2nd
3rd
4th
5th (most deprived)
Missing
MS duration, years
0-5
6-10
11-15
16-25
26+
CMU beneficiary
Death
Age at death, mean +sd
Mammography use
>1 mammography during follow-up
>1 mammography every 3years
>1 mammography every 2years
Biennial mammography rate, mean +sd

Comorbidities at entry

26,033 (55.2)
8739 (18.5)
6884 (14.6)
4071 (8.6)
1439 (3.1)
56.2+6.5

7839 (16.6)
8152 (17.3)
8404 (17.8)
8532 (18.1)
8428 (17.9)
5811 (12.3)

16,624 (35.2)
9094 (19.3)
8992 (19.1)

10,408 (22.1)
2048 (4.3)

1459 (3.1)
2808 (6.0)
64.3+6.2

32,979 (69.9)
19,168 (40.6)
3018 (6.4)
0.55+0.48

101,530 (55.1)
34,286 (18.6)
26,975 (14.7)
15,776 (8.6)
5557 (3.0)
56.2+6.5

32,631 (17.7)
34,373 (18.7)
34,923 (19.0)
35,549 (19.3)
36,013 (19.6)
10,635 (5.8)

10,512 (5.7)
2388 (1.3)
64.6+6.3

141,217 (76.7)
88,297 (48.0)
12,957 (7.0)
0.63+0.48

21,590 (57.1)
6811 (18.0)
5285 (14.0)
3009 (8.0)
1097 (2.9)
55.9+6.4

7246 (19.2)
7450 (19.7)
7682 (20.3)
7695 (20.4)
7719 (20.4)
0(0.0)

13,125 (34.7)
7182 (19.0)
7173 (19.0)
8613 (22.8)
1699 (4.5)

1359 (3.6)
2323 (6.1)
64.0+6.3

26,657 (70.5)
15,722 (41.6)
2606 (6.9)
0.56+0.48

MRMI scoreb

0 (No comorbidity) 33,171 (70.3) 135,997 (73.9) 28,633 (75.8)

1 7166 (15.2) 24,197 (13.1) 6367 (16.8)

2 2042 (4.3) 5469 (3.0) 1840 (4.9)

3+ 1045 (2.2) 2654 (1.4) 952 (2.5)

Missing 3742 (7.9) 15,807 (8.6) 0(0.0)

(Continues)

40f 13 European Journal of Neurology, 2025

85US017 SUOWIWIOD SAIES1D) 3|qealjdde auy) Aq peusenob ke il VO ‘9Sn J0 S8|NI 10) ARIG1ITaUIUQ AB]IA UO (SUOIPUOD-PUE-SWIRIALIOY A8 | I AReiq 1 pUTJUO//SdNL) SUORIPUOD PUe SWB | U1 89S *[6202/50/c2] Uo Akeiqiauliuo Ao1iMm *(dS3HE) anbijand siues us sopni selrey sap 91093 AQ £8T0ZBUS/TTTT OT/I0p/W00 A | im Ake.q1put|uo//Sdny woa) pepeojumoa 'S 's20z ‘TEST8IYT



TABLE1 | (Continued)

Study population Complete case?
MS Controls MS

n=47,166 n=184,124 n=37,792

Mean +sd 0.34+0.73 0.26+0.64 0.35+£0.74
Paraplegia 4687 (9.9) 201 (0.1) 4026 (10.7)

Healthcare use

>1 inpatient hospitalization related to MS during index year® 3120 (6.6) 2594 (6.9)
>1 inpatient hospitalization not related to MS during index year® 6830 (14.5) 15,349 (8.3) 5712 (15.1)

>2 DMT reimbursements during follow-up

Any high efficacy
Fingolimod
Natalizumab
Ocrelizumab

Any moderate efficacy
Cladribine
Dimethyl fumarate
Glatimer acetate
Interferon beta
Teriflunomide

Index year®
2012
2013
2014
2015
2016
2017
2018
2019

Follow-up duration, years, median [IQR]

Follow-up duration, years, mean +sd

19,135 (40.6)

15,599 (41.3)

5377 (11.4) 4407 (11.7)
3438 (7.3) 2806 (7.4)
1474 (3.1) 1212 (3.2)
1363 (2.9) 1131 (3.0)

16,260 (34.5) 13,198 (34.9)
10 (<0.1) 9(<0.1)

3778 (8.0) 3158 (8.4)
4121 (8.7) 3334(8.8)

8318 (17.6) 6549 (17.3)

5692 (12.1) 4718 (12.5)

27,803 (58.9) 109,083 (59.2) 21,074 (55.8)

2624 (5.6) 10,275 (5.6) 2032 (5.4)
2748 (5.8) 10,749 (5.8) 2131 (5.6)
2838 (6.0) 10,981 (6.0) 2488 (6.6)
2833 (6.0) 10,995 (6.0) 2551 (6.8)
2773 (5.9) 10,722 (5.8) 2485 (6.6)
2790 (5.9) 10,715 (5.8) 2534 (6.7)
2757 (5.8) 10,604 (5.8) 2497 (6.6)

8[5-10] 9 [5-10] 8 [5-10]
7.5%2.6 77+2.6 73427

Abbreviations: CMU, “Couverture medical universelle” (i.e., Universal medical coverage); DMT, disease-modifying therapy; FDep, ecological social deprivation index;
IQR, interquartile range; MRMI, Mortality-Related Morbidity Index; MS, multiple sclerosis; sd, standard deviation.

2Complete case population used for the fully adjusted analysis.
bUnadjusted for age, excluding multiple sclerosis and paraplegia.

‘Index year corresponds to the calendar year of the index date (i.e., date of entry in cohort).

status (FDep quintile), rates decreased as the FDep (depriva-
tion) increased in both groups, and rates were consistently
lower (—10% to —15%) in WwMS across all quintiles (Figure 3).
The yearly mammography rates from 2012 to 2021 (Figure 3)
showed stable rates in WwMS until 2019 (oscillating between
0.56 [0.56-0.57] and 0.58 [0.57-0.58]) and COVID-related
fluctuations in 2020-2021). Mammography rates were consis-
tently lower (—10% to —15%) in WwMS throughout the period.
In each region except overseas departments, mammography
rates were lower in WwMS (—8.1% to —15.0%) (Figure S1). In

conclusion, mammography rates were lower in WwMS than in
the general population, regardless of age, region of residence,
socioeconomic status, and year. This difference became more
pronounced in the older age groups.

3.1.2 | BCS According to DMT Use

When computing age-standardized biennial mammography
rates according to DMT use, either a small or no difference was

50f13

85US017 SUOWIWIOD SAIES1D) 3|qealjdde auy) Aq peusenob ke il VO ‘9Sn J0 S8|NI 10) ARIG1ITaUIUQ AB]IA UO (SUOIPUOD-PUE-SWIRIALIOY A8 | I AReiq 1 pUTJUO//SdNL) SUORIPUOD PUe SWB | U1 89S *[6202/50/c2] Uo Akeiqiauliuo Ao1iMm *(dS3HE) anbijand siues us sopni selrey sap 91093 AQ £8T0ZBUS/TTTT OT/I0p/W00 A | im Ake.q1put|uo//Sdny woa) pepeojumoa 'S 's20z ‘TEST8IYT



85,067 were not eligible for breast cancer
screening in the chosen timeframe

. 41,020 were men

. 3,385 were more than 74 year-old

. 41,018 were less than 50 year-old
7,196 had less than 2 years of follow-up

PwMS with no history of
cancer
N =140,649

data

9,374 participants excluded due to missing

. 741 missing Fdep, CMU, residence or
comorbidities score

. 4,024 missing data in three variables

. 352 missing data in two variables

. 4,257 missing data in one variable

Complete case-

Control population up to 4:1 WwMS study population o
N= 184,124 N=47,166 population
) J N=37,792
* Complete-case population used for fully adjusted models
FIGURE2 | Population flowchart.
© Controls @ WwMS
(@ (b) (c)
1.0 1.0 1.0
0.9 0.9 0.9
0.8 4 0.8 0.8
0.70
0.7 0.65 07 0.67 .66 0.7 [0.70-0.71] 0.67 k5
. L . 0.66 . X .
7 0.63 0.65 [0.64-0.65] . qeee b7[]m 660, bﬁ][o‘se 0 65;]2;6[)25] 64 0.64 0.64 1@ 1067,068) 10.64-0.65] 0.63
g [0.63-0.64) 10640651 061063 0.59 @ O e} Py [0.64-0.64] [0.64-0.64] [0,63-0.64] X O [0.63-0.64] 0.60
© [ ] o @ [058061] *—@ oss0a 2% o @) 0.59-0.60]
B 0.6 ] ® [} 0.6 o 0 o 0.6{ @ ® 0)
3 0.59 ® 058 05 AR A o 0.60 ® ®
b 059060 56 @ 0570590-57 psiosy 057 056 057 057 0so0sn  0.58 {
%0 0.5 8 0.5 [0.56-0.58] (057.05805505TI[0560571(056.057) ) £y 0.54 0.5 [057.0550] 0.56 0.55
= (0550571 0,52 ® o ff]) 54055 [0.55-0.57] tos4los61 0.53
IS 0510531 (48 [0.53-0.54]
g 0.4 ] [0.46-0.49] 0.4 0.4]
ks 0.37
c [0.35-0.40]
c 03] 0.3] 0.3
Q
[21]
0.2 0.24 0.24
0.1 4 0.14 0.14
0.0 4 0.04 0.04
T T T T T T T T T T T T T T T T T T
AD oA A AD oA LG AT AR 049 ,0.20 (20 1 2 3 4 5
50—5A' 55—59 6“’6A 65’69 10‘113' 'lm’l 'Lmz 'lmA ’10\5 '1—0’\6 '10’\1 ’1.0’\B ’ng ’L“lo (least deprived) (most deprived)
MS (N) 26,033 8,739 6,884 4,071 1,439 7,839 8,152 8,404 8,532 8,428
Control (N) 101,530 34,286 26,975 15,776 5,557 32,631 34,373 34,923 35,549 36,013
MS vs. control  -6.6% -13.4% -20.0% -23.3% -36.9% -13.6% -13.7% -12.5% -12.5% -12.1% -11.3% -11.1% -10.5% -10.8% -14.9% -13.6% -12.9% -13.3% -10.6%

Age at index date

Year

Note : All group comparisons showed statistically significant lower biennial rates in the WwMS group compared to controls.

FDep quintiles

FIGURE 3 | Biennial mammography rates according to (a) age at index date, (b) year, (c) deprivation status (FDep quintiles).
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observed in WwMS that had received at least two DMT reim-
bursements over follow-up compared to their matched controls
(high efficacy: 0.61 [0.60-0.63] vs. 0.64 [0.63-0.65]; moderate ef-
ficacy: 0.64 [0.63-0.65] vs. 0.64 [0.63-0.64]; MS vs. controls, re-
spectively). However, age-standardized biennial mammography
rates were much lower in the non-treated group (0.51 [0.51-0.52]
vs. 0.64 [0.64-0.64]).

3.1.3 | Factors Associated With BCS in WwMS

Table 2 shows the estimates from the adjusted logistic and neg-
ative binomial regression models and Table S1 summarizes the
crude estimates from the univariate analyses. Factors associ-
ated with lower mammography rates in WwMS, independently
of age, year, and region of residence were living in a city with
higher deprivation (most deprived vs. least deprived; IRR 0.88
[0.86-0.91]), CMU beneficiary (0.76 [0.72-0.80]), MS duration
>16years (16-25years vs. < 5years: 0.91 [0.89-0.94]; >26years
vs. < 5years: 0.87 [0.83-0.91]), and hospitalization 12 months be-
fore inclusion (MS-related hospitalization: 0.85 [0.82-0.88]; non-
MS-related hospitalization: 0.92 [0.89-0.94]), comorbidity status
at baseline (1 vs. 0: 0.91 [0.89-0.93]). Conversely, being treated
for MS was associated with higher mammography rates for both
high- and moderate-efficacy DMTs (>1 high-efficacy DMT vs.
no DMT: 1.17 [1.14-1.21]; only moderate-efficacy vs. no DMT:
1.18 [1.16-1.20]). Similar findings were observed in the adjusted
logistic models for the binary outcomes.

3.1.4 | Missing Data

Table 1 compares baseline characteristics between the complete-
case population (n=37,792) and the study population including
missing data (n=47,166). No missingness pattern was noted,
and it was assumed that data were missing at random. Data im-
putation yielded similar results as the complete-case analysis
(Table S2).

3.2 | Qualitative Component

Twenty semistructured interviews (duration: 20-40min) were
conducted with WwMS eligible to the organized BCS (mean age:
62years, range: 50-74; mean MS duration: 26 years, range: 1-46).
Twelve of these women reported walking limitations, including
needing a cane (n=4) and using a wheelchair (n =4) (Table S3).
Seventeen (85%) reported undergoing BCS and following the na-
tional BCS recommendations. The identified barriers and facili-
tators and the corresponding quotes are summarized in Table 3.

3.2.1 | MS Effect on the Perception of Preventive Care

Participants said that MS influenced their relationship to pre-
ventive care. Two opposing points of views were identified.
Some women reported that MS increased their health aware-
ness: “I've already got MS, so if we can avoid the rest, that would
be good” (Cécile). For others, MS left no room for other care
types: “Everything revolves around MS. So after that, there's not
much room for anything else” (Chantale). Some women reported

feelings of over-medicalization, such as Valerie who felt “over-
whelmed” by the “overdose of medical appointments.”

3.2.2 | Accessibility

Physical accessibility of the screening center and procedure was
a major concern for participants, especially those with reduced
mobility. Magalie mentioned: “the people who developed these
machines did not realize that not everyone can stand.” Lack of
proper accessibility led to uncomfortable situations: “There had
to be two persons holding me [...] At some point I was on the
floor” (Martine). Conversely, adjustments by the healthcare per-
sonnel and the screening center were seen as facilitators. Sylvie
reported no difficulties because “the screening center adapts to
[her] disability.”

To bypass accessibility issues and travel-related fatigue, WwMS
often had to rely on an informal caregiver, mainly the partner.
However, this created inequities for those without one; for ex-
ample, Laurence thought that others in her situation would have
already given up: “I am sick of being told to bring someone to
my appointments. I don't know anyone who can carry me. Some
give up but I don't!”. Some women expressed worry about MS
progression and how this would affect their ability to adhere to
the BCS program: “It's going to be hard to get screened at some
point” (Agnés).

Lastly, concerns about the popularization of online medical ap-
pointment services were raised. Indeed, some centers can no
longer be reached by phone to obtain information on specific
accommodation for their disability. As WwMS “need [...] to know
if the place is accessible”, they call in advance to “put in some
safeguards” and “make sure [they|re not going for nothing”
(Murielle).

3.2.3 | Organizational Difficulties

Additional sources of organizational difficulties were men-
tioned, such as the lack of appointments and work-related sched-
ule issues. As BCS appointments are difficult to find, one might
have to use a vacation day from work to attend, which adds to
the vacation days used for MS-related healthcare. Frederique
stated that she “cannot afford” to do that because she “takel[s]
enough days off work for the MS treatment.”

Moreover, fatigue, a common MS symptom, was reported as a
barrier to BCS especially concerning travel: “Not only is it tough
to get an appointment, but it's also super far. I'm tired from trav-
eling” (Marjorie). Fatigue exacerbates every other challenge
that WwMS may be facing when trying to access BCS: “All
this seems a bit overwhelming to me, with the fatigue, the pre-
organization. It's complicated” (Magalie).

3.2.4 | BCS Facilitators

The most mentioned facilitator was the perception of BCS
as a routine procedure that is part of a “woman’s journey”
(Estelle). They compared mammography to “going to the
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TABLE 2 | Factors associated with mammography use by women with multiple sclerosis, results of the adjusted negative binomial and logistic

models (n=37,792).

>1 mammography

>1 mammography

Biennial mammography rate during follow-up every 3years
IRR (95% CI) p OR (95% CI) p OR (95% CI)> P
Socio-demographic characteristics
Age, years
50-55 Ref. Ref. Ref.
56-60 0.99 (0.96-1.01) 0.251 0.90 (0.84-0.96) 0.001 1.28 (1.19-1.37) <0.001
61-65 0.93 (0.90-0.95) <0.001 0.74 (0.69-0.79) <0.001 1.18 (1.08-1.28) <0.001
66-70 0.89 (0.86-0.93) <0.001 0.64 (0.58-0.69) <0.001 1.12(0.99-1.26) 0.073
71-74 0.72 (0.66-0.79) <0.001 0.30 (0.26-0.34) <0.001 5.23 (3.46-7.92) <0.001
Deprivation index—FDep, quintiles
1st (least Ref. Ref. Ref.
deprived)
2nd 0.95 (0.93-0.98) 0.002 0.91 (0.84-0.99) 0.021 0.95 (0.87-1.03) 0.214
3rd 0.92 (0.90-0.95) <0.001 0.83 (0.76-0.90) <0.001 0.96 (0.88-1.06) 0.434
4th 0.90 (0.87-0.93) <0.001 0.79 (0.73-0.86) <0.001 0.90 (0.83-0.99) 0.031
5th (most 0.88 (0.86-0.91) <0.001 0.74 (0.68-0.80) <0.001 0.90 (0.82-0.99) 0.033
deprived)
MS duration, years
0-5 Ref. Ref. Ref.
6-10 0.97 (0.94-0.99) 0.007 0.94 (0.87-1.00) 0.068 0.95 (0.88-1.02) 0.164
11-15 0.98 (0.95-1.00) 0.052 0.95(0.88-1.02) 0.131 0.95 (0.88-1.02) 0.179
16-25 0.91 (0.89-0.94) <0.001 0.81 (0.76-0.86) <0.001 0.87 (0.80-0.93) <0.001
26+ 0.87(0.83-0.91) <0.001 0.75 (0.67-0.84) <0.001 0.78 (0.68-0.90) 0.001
CMU beneficiary 0.76 (0.72-0.80) <0.001 0.58 (0.51-0.65) <0.001 0.55 (0.47-0.65) <0.001
Healthcare use
>1 inpatient 0.85(0.82-0.88) <0.001 0.74 (0.68-0.81) <0.001 0.70 (0.63-0.78) <0.001
hospitalization
related to MS
during index year®
>1 inpatient 0.92 (0.89-0.94) <0.001 0.80(0.75-0.85) <0.001 0.90 (0.83-0.97) 0.009
hospitalization
not related to MS
during index year?®
DMT use over follow-up
None Ref. Ref. Ref.
>1 high efficacy 1.17 (1.14-1.21) <0.001 1.68 (1.54-1.82) <0.001 1.14 (1.05-1.24) 0.003
Only moderate 1.18 (1.16-1.20) <0.001 1.67 (1.58-1.76) <0.001 1.26 (1.19-1.34) <0.001
efficacy
(Continues)
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TABLE 2 | (Continued)

>1 mammography

>1 mammography

Biennial mammography rate during follow-up every 3years
IRR (95% CI) p OR (95% CI) p OR (95% CI)> p
Comorbidities
MRMI score®

0 (No Ref. Ref. Ref.

comorbidity)

1 0.91 (0.89-0.93) <0.001 0.89 (0.83-0.95) <0.001 0.74 (0.69-0.79) <0.001
2 0.83(0.80-0.87) <0.001 0.78 (0.70-0.87) <0.001 0.65 (0.57-0.74) <0.001
3+ 0.79 (0.74-0.84) <0.001 0.71 (0.61-0.82) <0.001 0.55 (0.45-0.67) <0.001
Paraplegia 0.72 (0.70-0.75) <0.001 0.58 (0.54-0.63) <0.001 0.58 (0.52-0.64) < 0.001

Note: All models were adjusted for age, FDep, MS duration, CMU, MS-related and non-MS-related hospitalization, DMT use, and region of residence at entry. Logistic

models (OR) were additionally adjusted on period and follow-up duration.

Abbreviations: 95% CI, 95% confidence interval; CMU, “Couverture medical universelle” (i.e., Universal medical coverage); DMT, disease-modifying therapy; FDep,
ecological social deprivation index; IRR, Incidence rate ratio MRMI, mortality-related morbidity index; MS, multiple sclerosis; OR, Odds ratio.
aIndex year corresponds to the full calendar year of the index date (i.e., date of entry in cohort).

Unadjusted for age, excluding multiple sclerosis and paraplegia.

dentist” (Francoise) or “getting your period every month” (Estelle).
Healthcare professionals, especially the gynecologist, played a
key role in incentivizing women. Many women said that they
were mentally prepared by their doctor to receive a BCS invita-
tion by mail on their 50th birthday and according to Chantale:
“It all depends, in the end, on the relationship you have with your
general practitioner.”

Lastly, as WwMS require multiple healthcare appointments,
some interviewees suggested to group medical procedures
into a single day and location to reduce the feelings of over-
medicalization, travel-related fatigue, and work-related sched-
uling difficulties: “[they] could organize a check-up day. It'd be
taken care of, so you don't have to take days off work, and you do
it all at once, so it's less stressful.” (Elise).

4 | Discussion

This mixed-methods study highlights constant suboptimal BCS
in WwMS in the last 10years. Overall, the biennial BCS rate in
WwMS was 0.55, meaning 55 mammographies were done per
200-person years, and only 70% of WwMS had at least one mam-
mography during the study period. Mammography rates were
consistently lower (by 10%-15%) in WwMS than in controls,
regardless of age, period, deprivation index, and region of res-
idence. This difference was mainly driven by non-treated indi-
viduals, independently of age.

Combining quantitative and qualitative results allowed identi-
fying key barriers and facilitators to BCS. Long MS duration,
hospitalizations (associated or not with MS), comorbidity, not
being treated for MS, and older age were all negatively asso-
ciated with mammography rates. This can be related to the
themes of accessibility and the feeling of over-medicalization.
Women with more active and degenerative MS face more chal-
lenges in accessing BCS. As MS progresses, independence de-
creases, healthcare needs increase, and preventive care (e.g.,

BCS) becomes less accessible and less important. The interviews
suggested that healthcare professionals play a central role in the
perception of BCS as a routine procedure and in offering solu-
tions to the specific needs of WwMS. Access to informal support
and disability-accessible preventive care were BCS facilitators.
Some women reported that they required someone's assistance
to go to the BCS center and during the mammography. However,
access to these facilitators was heterogeneous, leaving women
with little to no access to informal care with feelings of being
overwhelmed and tired.

Some of the identified barriers had been previously reported
[23]. However, our study identified new topics. Particularly,
some women felt that MS led them to take better care of their
health and motivated them to undergo BCS. The previous study
only reported that women felt like they had too much to han-
dle with MS and doubted their ability to face another disease.
This discrepancy could be explained by a difference in context,
period, and health systems, leading to different perceptions
and optimism concerning the outcome of a BC diagnosis, and
to different views of its financial, physical, and mental burden.
Moreover, our interviewees stressed the importance of informal
caregivers and healthcare professionals as facilitators.

To our knowledge, this was the first study to formally assess BCS
in WwMS and to show disparities compared with a matched
sample from the general population associated with qualitative
data collection. However, previous quantitative findings from
Canadian studies suggested a similar conclusion [20, 21].

One of the main strengths of this mixed-methods approach was
the inclusion of population-based estimates of BCS in WwMS
and in a matched sample from the general population, and the
identification, by statistical analysis, of risk factors of lower
mammography rates. Moreover, the qualitative component
added context and allowed us to delve deeper into the WwMS'
experiences, attitudes, and perceptions. By combining both
approaches, findings could be triangulated, increasing their
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validity and reliability. The mixed-methods approach allowed
us to address the research question comprehensively.

Another strength lies in the comprehensiveness of the used
population-based database. This database includes all health-
care consumption (both public and private) data for, including
mammography procedures, on ~99% of the French population
[25], leading to little or no selection bias. Moreover, as this da-
tabase relies on reimbursements and not self-reporting, recall
and social desirability bias are minimized. Although a small
percentage of identified mammography reimbursements could
have been related to diagnosis and not screening, this possibility
was minimized by only including individuals without a history
of cancer. However, clinician's diagnoses are not available, and
an MS identification algorithm is used to define our popula-
tion. Hence, we cannot exclude that a few individuals with MS-
related care consumption that did not have MS were included.
To minimize this potential issue, we did not include individuals
with only one MS hospitalization and no other MS-related care
consumption, as well as individuals with only one MS-specific
DMT reimbursement or individuals with neuromyelitis optica
spectrum disorder hospitalizations [26].

The quantitative analyses could not be adjusted for physical
disability and overall health status, although they were iden-
tified as perceived barriers to BCS in our qualitative analysis;
therefore, proxy variables (MS disease duration and hospitaliza-
tion) were used. Similarly, some indications on the participants’
socio-economic status were available (e.g., FDep and CMU),
but not others (e.g., employment and household income). In the
qualitative data, organizational difficulties were mentioned by
WwMS with physical disability and by those still in employ-
ment. These data were not available in the quantitative dataset
for these specific characteristics. Nevertheless, a lower BCS rate
was associated with longer disease duration, which could be a
proxy for physical disability, independently of age.

To conclude, although most WwMS expressed a positive view on
BCS, access to screening was suboptimal, especially for WwMS
with worse overall health status and more degenerative or ad-
vanced disease. The pivotal role of healthcare professionals in pre-
paring and encouraging women to get screened was highlighted.
Working toward a more disability-accessible approach and group-
ing preventive services together could promote BCS adherence
and reduce the WwMS and informal caregivers' burden, thus con-
tributing to decrease inequity in access to preventive care.
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