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Summary
Background The effects of socio-economic status on mortality in patients with multiple sclerosis is not well known.
The objective was to examine mortality due to multiple sclerosis according to socio-economic status.

Methods A retrospective observational cohort design was used with recruitment from 18 French multiple sclerosis
expert centers participating in the Observatoire Français de la Sclérose en Plaques. All patients lived in metropolitan
France and had a definite or probable diagnosis of multiple sclerosis according to either Poser or McDonald criteria
with an onset of disease between 1960 and 2015. Initial phenotype was either relapsing-onset or primary progressive
onset. Vital status was updated on January 1st 2016. Socio-economic status was measured by an ecological index, the
European Deprivation Index and was attributed to each patient according to their home address. Excess death rates
were studied according to socio-economic status using additive excess hazard models with multidimensional
penalised splines. The initial hypothesis was a potential socio-economic gradient in excess mortality.

Findings A total of 34,169 multiple sclerosis patients were included (88% relapsing onset (n = 30,083), 12% pro-
gressive onset (n = 4086)), female/male sex ratio 2.7 for relapsing-onset and 1.3 for progressive-onset). Mean age at
disease onset was 31.6 (SD = 9.8) for relapsing-onset and 42.7 (SD = 10.8) for progressive-onset. At the end of follow-
up, 1849 patients had died (4.4% for relapsing-onset (n = 1311) and 13.2% for progressive-onset (n = 538)). A socio-
economic gradient was found for relapsing-onset patients; more deprived patients had a greater excess death rate. At
thirty years of disease duration and a year of onset of symptoms of 1980, survival probability difference (or deprivation
gap) between less deprived relapsing-onset patients (EDI = −6) and more deprived relapsing-onset patients (EDI = 12)
was 16.6% (95% confidence interval (CI) [10.3%–22.9%]) for men and 12.3% (95%CI [7.6%–17.0%]) for women. No
clear socio-economic mortality gradient was found in progressive-onset patients.

Interpretation Socio-economic status was associated with mortality due to multiple sclerosis in relapsing-onset
patients. Improvements in overall care of more socio-economically deprived patients with multiple sclerosis could
help reduce these socio-economic inequalities in multiple sclerosis-related mortality.

Funding This study was funded by the ARSEP foundation “Fondation pour l’aide à la recherche sur la Sclérose en
Plaques” (Grant Reference Number 1122). Data collection has been supported by a grant provided by the French State
and handled by the “Agence Nationale de la Recherche,” within the framework of the “Investments for the Future”
programme, under the reference ANR-10-COHO-002, Observatoire Français de la Sclérose en Plaques (OFSEP).

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Multiple sclerosis; Excess mortality; Net survival; Socio-economic status; Flexible model; Observational

cohort study
Introduction
Multiple sclerosis (MS) affects 2.8 million people
worldwide with reduced life expectancy for MS patients
by 6–14 years compared to the general population
matched for age and sex.1–4 Few risk factors for mortality
in MS are known, the main ones being the age at MS
onset and sex, both non-modifiable risk factors.5,6

Inconclusive results regarding risk of MS development
and socio-economic factors have been found so far.7

Magyari et al. found no effect of educational level, occu-
pational exposures or housing conditions in youth using
individual level data on risk of developing MS.8 The most
conclusive results so far are from Scandinavian registries
which provide individual level data on MS, comorbid-
ities, mortality and socio-economic data.9,10 Socio-
economic deprivation has been linked to shorter
survival probabilities in several chronic diseases
including cancer and diabetes.11,12 This association has
been studied in MS with time to disability using the
Expanded Disability Status Scale (EDSS). Calocer et al.
and Harding et al. both showed that patients with a lower
socio-economic status (SES) had a higher risk of reaching
EDSS milestones than less deprived patients.13,14

Previous studies have used all-cause mortality to
study the influence of SES on mortality in MS pa-
tients.3,15 However, it is impossible to know whether the
differences in mortality between lower and higher SES
result from mortality due to MS or from differences in
other-cause mortality, since lower SES is associated with
shorter life expectancy in the general population.16

Mortality due to MS can either be estimated by
disease-specific mortality framework, requiring knowl-
edge of cause of death, or by excess hazard framework,
where survival of the study population is compared to
that of the general population matched by demographic
variables.
www.thelancet.com Vol 24 January, 2023
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Research in context

Evidence before this study
We searched PubMed for articles published until May 1, 2022,
using the following search terms: (“multiple sclerosis” [Title/
Abstract]) AND (“socioeconomic” [Title/Abstract] OR “socio-
economic” [Title/Abstract]) AND (“survival” [Title/Abstract]
OR “mortality” [Title/Abstract]). The search was not restricted
by date or language, and retrieved 36 articles. Five articles were
unrelated to the topic. One article was a review. 26 articles did
not study survival in people with MS in relation to socio-
economic status. Four studies examined the association
between mortality in patients with MS and socio-economic
status. Three of the four studies only examined all-cause
mortality, and not excess mortality. The one article studying
relative survival found a higher mortality risk for patients with a
higher socio-economic status. However, this study focussed on
a cohort of veterans and did not use population-based data.

Added value of this study
Our study is to our knowledge the first to investigate the
association between socio-economic status and excess
mortality in an observatory-based MS cohort. The socio-
economic indicator used is a comprehensive measure of the
neighbourhood level socio-economic environment using ten
weighted variables. The cohort included a large number of
patients with both relapsing-onset MS and primary

progressive MS, and a large number of both men and women.
For patients with relapsing-onset MS, a lower socio-economic
status was associated with a higher excess death rate than for
less socio-economically disadvantaged patients. This
deprivation gap was apparent from the first decade from
disease onset. The study of excess mortality is paramount to
avoid highlighting the existing differences in all-cause
mortality in the general population, with more disadvantaged
people having a shorter life expectancy than more socio-
economically advantaged people. The differences found in our
study account only for deaths due to MS, directly or indirectly
whilst bypassing the need to have knowledge of the cause of
death.

Implications of all the available evidence
This study reveals the deprivation gap in excess mortality in a
large cohort of patients with MS. Our findings highlight the
need for focus on equality in health outcomes for both policy
makers and clinicians in day-to-day practice when treating
patients with MS. Measures such as patient navigators or
longer and/or more frequent consultations with both the
patient’s general practitioner and their neurologist to ensure
correct understanding of treatment plans could be beneficial.
Further research is needed to establish the fields in which
these inequalities are the most present.

Articles
In disease-specific mortality framework, obtaining
cause of death can be difficult due to unavailable or
sometimes unreliable data.3,17,18 In contrast, excess haz-
ard framework avoids the prerequisite of knowing cause
of death by considering that mortality due to MS can be
estimated by the excess mortality observed between two
populations. In this framework, a way to account for the
expected mortality is to use an additive model, which
assumes that the mortality rate of MS patients is the
sum of their expected mortality rate and of an excess
mortality rate due to the disease.19 Excess mortality can
be used to derive net survival, which is the survival that
would be observed if the disease studied were the only
possible cause of death in the population.20 To our
knowledge, no research on socioeconomic predictive
factors has been published so far studying excess mor-
tality of MS patients from the general population.

The objective of this study was to examine mortality
due to MS according to socio-economic deprivation us-
ing excess hazard framework and additive models to
estimate excess mortality.
Material and methods
Standard protocol approvals, registration, and
patient consents
Patients enrolled in OFSEP (registered to clinical-
trials.gov [NCT04028232]) provide written informed
www.thelancet.com Vol 24 January, 2023
consent for participation. In accordance with the French
legislation, the present study was approved by both the
national data protection agency (Commission Nationale
Informatique et Libertés [CNIL]; approval DR-2019-132)
and the French expert committee for research, studies
and evaluations on health (Comité d’expertise pour les
recherches, les études et les évaluations dans le domaine
de la santé [CEREES]; approval TPS 216966).
Study population
The data was provided from a retrospective cohort from
18 of the 36 French MS expert centers participating in
the French MS database “Observatoire Français de la
Sclérose En Plaques (OFSEP www.ofsep.org)”.5,21 The 18
centers were selected for their inclusion of patients for
serveal decades, allowing sufficient follow-up to study
mortality. For each patient, a neurologist from each
center entered clinical and imaging data during routine
follow-up visits using dedicated software (European
Database on Multiple Sclerosis [EDMUS]).22 The same
cohort has been used for a previous study on excess
mortality in MS, using the same data and the same
inclusion criteria.5 These data were retrospectively
collected at the time of the first visit after the center’s
systematic registration date, and prospectively there-
after, in other words ambispectively. Because a patient
has to be alive to attend a visit, the retrospective follow-
3
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up before this first visit should not be considered since
no death can be observed during this follow-up. To deal
with this left truncation, the entry time in the cohort was
thus set at the first visit posterior to the center’s sys-
tematic registration date.

Socio-economic indicator
Socio-economic deprivation was based on the patient’s
address as available in the OFSEP database, geolocated by
the Geographic Information System (GIS ARCGIS
10.2®), which was then assigned to an “Ilot Regroupé
pour l’Information Statistique (IRIS)”, the smallest French
geographic unit for which census data are available. Each
patient’s IRIS was then attributed to an EDI (European
Deprivation Index) score, an ecological deprivation index
based on 10 weighted variables (low level of education, no
access to a car, overcrowding, no access to a system of
central or electric heating, non-owner, unemployment,
foreign nationality, unskilled worker – farm worker,
household with more than six persons, single-parent
household).23 This score was kept as a continuous vari-
able ranging from −11 to +32 (median value: −0.6); the
higher the index, the greater the deprivation in the IRIS.
The 2011 version of the EDI score was used.
Mortality in the cohort and in the general
population
Linkage to the National Repertory for the Identification
of Physical Persons (“Répertoire National d’Identifica-
tion des Personnes Physiques” (RNIPP)) was performed
at an individual level by sex, surname or maiden name
for women, date and place of birth and vital status up-
date was obtained for 92.2% of patients. Deaths that
occurred between 1976, the minimum date of system-
atic registration and 2016 were registered, and follow-up
was censored beyond 30 years. Censoring at 30 years
was performed in order to limit the time-frame between
the attribution of EDI scores (2011) and address
collection (possibly dating back to 1976) whilst allowing
for sufficient follow-up time for a survival study. Pa-
tients were followed from MS onset (symptom onset),
until death, last clinical visit, the maximum of 30 years
of follow-up or end-of-study date, whichever occurred
first, defining disease duration or time since disease
onset. Patients without any follow-up data (n = 1116) or
EDI data (n = 3355) were excluded, leading to a study
population of 34,169 patients. Information regarding
initial MS phenotype, age and year at MS onset and sex
was present in the database. The method used to obtain
all-cause mortality rates is described in the study on the
same cohort by Rollot et al.5
Statistical analyses
The additive framework used is based on the following:
the observed mortality rate due to MS (h0) is defined as
the excess mortality due to MS (hE) added to the ex-
pected death rate of the general French population (hP):

h0 = hE+hP
These mortality rates are defined for a given time,

and for each individual according to their age at MS
onset, and matched to the mortality rate of the general
population by sex, age and year at death and area of
residence (“Département”). Excess death rate (hE) (EDR)
is then considered to be mortality due to MS, whether
directly or indirectly, and is expressed in number of
deaths per 1 person-year. When EDR is <0.10, its value
is close to the probability of death within 1 year. For
example, a rate of 0.02 death per person-year over 1 year
can be approximated to a probability of death of 2%
within the year. Net survival is then derived from the
EDR, and is based upon the hypothesis that mortality
due to MS is negligible in the general population.

Multidimensional splines were used to model the
logarithm of the EDR, allowing for flexible dynamics of
the EDR by accounting for potential non-linear and non-
proportional effects of covariables.24,25 The risk of over-
fitting of the model was reduced by using penalized
one-dimensional splines and penalized tensor product
splines (“tensors”) for interactions.

Models were computed separately for each initial
phenotype of the disease, based on the clinical differ-
ences between the two phenotypes. They were con-
structed step by step by adding the covariates of interest
and potential interactions, and the model with the
lowest corrected Akaike information criterion (AIC) was
selected as the best fitting model, considering a differ-
ence of at least 4 units between two AIC values.26 The
first model (M1) was constructed following the results of
previous work, then the second model (M2) was ob-
tained by adding year of onset of symptoms (allowing
for non-linearity).5 The third model (M3) was con-
structed by adding EDI to the first model (M1) also
allowing for non-linearity. The fourth model (M4) was
constructed by adding both EDI and year of onset of
symptoms (allowing for non-linearity). The fifth model
(M5) was obtained by adding a non-proportional effect
of EDI to the third model (M3). The sixth model (M6)
was constructed by adding an interaction term between
EDI and year of onset of symptoms. Age at onset and
year of onset of symptoms were centred. Six models
were obtained:
M1 : log(hE(t, a)) = tensor(time since disease onset,

age at onset)+sex

M2 : log(hE(t, a)) = tensor(time since disease onset, age

at onset)+ sex+s2(year of onset of
symptoms)
www.thelancet.com Vol 24 January, 2023
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M4 : log(hE(t, a)) = tensor(time since disease onset,

age at onset)+ sex+ s1(EDI)+s2
(year of onset of symptoms)

M5 : log(hE(t, a)) = tensor(time since disease onset,

age at onset)+ sex+ s1(EDI)+s2
(time since disease onset) ∗ EDI

M6 : log(hE(t, a)) = tensor(time since disease onset, age

at onset)+ sex+ s1(EDI) + s2

(year of onset of symptoms)+s3
(year of onset of symptoms) ∗ EDI

The term s stands for a one-dimensional penalised
spline and the term tensor for a penalized tensor product
spline. We used 6 knots for time (p0, p20, p40, p60, p80
and p100) and 5 knots for age at onset, EDI and year of
onset of symptoms (p0, p2, p50, p75, p100). The loca-
tions of these knots corresponded to the percentiles of
the distribution of time and age among deceased pa-
tients, and the overall percentiles of the distribution of
EDI and year of onset of symptoms in the study popu-
lation. A reading guide for model building strategy is
available in Supplemental Materials.

If M1 was selected, this meant that the effects of EDI
and year of onset of symptoms on EDR were considered
non-significant. If M2 was selected, the effect of year of
onset of symptoms on the EDR was considered signif-
icant and proportional (potentially non-linear). If M3
was selected, the effect of EDI was considered signifi-
cant and proportional (potentially non-linear) If M4 was
selected, the effects of EDI and year of onset of symp-
toms were considered significant and proportional
(potentially non-linear). If M5 was selected, the effect of
EDI was considered significant and time-dependant. If
M6 was selected, the effect of year of onset of symptoms
depended on the EDI score. The effects of EDI and year
of onset of symptoms were considered to be non-linear
if the effective degrees of freedom of the splines s (EDI)
or s (year of onset of symptoms) were higher than 1.27

Testing for an interaction between sex and EDI was
also performed.

In order to allow a two-dimensional representation of
results, values of the variables sex, age at onset, year of
onset of symptoms and EDI had to be set. Graphs were
constructed for an age at onset of 30 years for R-MS
patients, approximately the median age at onset, and for
years 1980 and 1990 for onset of symptoms, in order to
account for two different periods of MS care (before and

age at onset)+ sex+s1(EDI)
www.thelancet.com Vol 24 January, 2023
after introduction of effective treatments) whilst allow-
ing for sufficient follow-up for a survival study. Curves
for percentiles 2.5, 97.5 and median value of EDI were
shown. The statistical significance of these variables did
not depend on these values chosen for graphical
representation.

The deprivation gap, corresponding to the difference
in net survival between least deprived and most
deprived patients, was calculated. The confidence in-
terval of this deprivation gap was obtained using the
Delta method (online-only supplements eMethods
(Delta method)). The deprivation gap was considered
to be statistically significant if the associated 95% con-
fidence interval did not include 0.

Socioeconomic position has an influence on mor-
tality in the general population, however French life
tables provided by INSEE are not stratified on depriva-
tion.16 The EDR obtained with the excess hazard additive
models may be due to socially determined comorbid-
ities, resulting in an overestimation of the effect of EDI
on EDR. Therefore, a sensitivity analysis was led using a
mortality table containing data on SES (online-only
supplements eMethods (Sensitivity analysis)).

All analyses were performed using R software (4.1.2)
with the “survPen” package (1.0.1).28
Role of the funding sources
This study was funded by the ARSEP foundation
“Fondation pour l’aide à la recherche sur la Sclérose en
Plaques” (Grant Reference Number 1122). Data collec-
tion has been supported by a grant provided by the
French State and handled by the “Agence Nationale de
la Recherche,” within the framework of the “In-
vestments for the Future” programme, under the
reference ANR-10-COHO-002, Observatoire Français de
la Sclérose en Plaques (OFSEP). The funding sources
had no role in the writing of the manuscript or the de-
cision to submit it for publication.
Results
R-MS accounted for 88% of the total number, and
PPMS for 12%. Table 1 shows the characteristics of the
study population, overall and according to initial
phenotype.
EDR dynamics according to EDI for R-MS phenotype
Model 4 was selected for R-MS patients (Table 2). EDI
and year of onset of symptoms were associated with
EDR, with a non-linear effect (since the effective degrees
of freedom for the spline for EDI and for year of onset of
symptoms (M4) were >1). For an age at MS onset of 30
years, EDR was higher for patients with higher EDI
scores (more deprived patients), and this dynamic was
observed from the start of disease onset (Fig. 1A and
5

www.thelancet.com/digital-health


Overall (n = 34,169) n (%) R-MS (n = 30,083) n (%) PPMS (n = 4086) n (%)

Vital status as of 2016/01/01

Deceased 1849 (5.4%) 1311 (4.4%) 538 (13.2%)

Lost to follow-up 2350 (6.9%) 2054 (6.8%) 296 (7‧2%)

Alive 29,970 (87.7%) 26,718 (88.8%) 3252 (79.6%)

Sex

Men 9848 (28.8%) 8057 (26.8%) 1791 (43.8%)

Women 24,321 (71.2%) 22,026 (73.2%) 2295 (56.2%)

EDI

Median [percentiles 2.5; 97.5] −0.6 [−5.6; 11.9] −0.6 [−5.6; 11.8] −0.6 [−5.5; 12.6]

Age at MS onset

Median [quartiles 1–3] 31.7 [24.9–40.0] 30.4 [24.3–38.1] 43.2 [35.0–50.3]

Year of onset of symptoms

[1960–1970] 655 (1.9%) 602 (2.0%) 53 (1.3%)

[1970–1980] 2114 (6.2%) 1926 (6.4%) 188 (4.6%)

[1980–1990] 5025 (14.7%) 4449 (14.8%) 576 (14.1%)

[1990–2000] 9917 (29.0%) 8628 (28.7%) 1289 (31.6%)

[2000–2010] 12,155 (35.6%) 10,545 (35.1%) 1610 (39.4%)

[2010–2015] 4303 (12.6%) 3933 (13.1%) 370 (9.1%)

Follow-up (years)

Median [quartiles 1–3] 15.7 [9.1–23.7] 15.8 [9.0–24.0] 15.2 [9.6–22.0]

Table 1: Description of vital status, sex, EDI score and age at onset of MS overall and according to MS phenotype.
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1C). EDR for EDI scores −6 (least deprived) and −1
(median) became apparent around 10 years since dis-
ease onset. At thirty years of disease duration, for a year
of onset of symptoms of 1980, EDR for least deprived
R-MS patients (EDI = −6) was 0.7 deaths per 100 person-
years for men, and 0.5 for women. For more deprived
R-MS patients (EDI = 12), EDR was 2.5 deaths per 100
person-years for men and 1.7 for women. For the same
parameters and a year of onset of 1990, EDR for least
deprived R-MS patients (EDI = −6) was 0.6 deaths per
100 person-years for men, and 0.4 for women. For more
deprived R-MS patients (EDI = 12), EDR was 2.1 deaths
per 100 person-years for men and 1.6 for women.

At thirty years of disease duration and a year of onset
of symptoms of 1980 (Fig. 1B), net survival for least
deprived R-MS patients (EDI = −6) was 92.7% (95%
confidence interval [88.6%; 95.3%]) for men and 94.8%
(95% CI [91.9%; 96.6%]) for women. For most deprived
R-MS patients (EDI = 12), net survival was 76.1% (95%
CI [69.0%; 81.8%]) for men and 82.5% (95% CI [77.3%;
86.6%]) for women. For the same parameters and a year
of onset of symptoms of 1990 (Fig. 1D), net survival for
least deprived R-MS patients (EDI = −6) was 93.8% (95%
confidence interval [90.4%; 96.1%]) for men and 95.6%
(95% CI [93.3%; 97.2%]) for women. For most deprived
R-MS patients (EDI = 12), net survival was 79.6% (95%
CI [73.6%; 84.3%]) for men and 85.2% (95% CI [81.0%;
88.4%]) for women.

A potential interaction between EDI and sex was
tested and was not significant (data not shown).
EDR dynamics according to EDI for PPMS
phenotype
No clear effect of EDI on EDR was found for PPMS,
with a very small difference of AIC between all the
models tested.

Deprivation gap
The “deprivation gap” (net survival difference between
more socio-economically deprived patients (EDI = 12)
and less deprived patients (EDI = −6) (Tables 3 and 4)
was significant for both men and women for R-MS
throughout disease duration, but not for PPMS patients.
For men with R-MS after thirty years of disease duration
(for a year of MS onset of 1980), there was a difference
of 16.57% of net survival probability between least and
most deprived patients.

Sensitivity analysis
In this analysis, 34,164 patients were included, of which
30,078 patients had R-MS and 4086 had PPMS. Five
patients were excluded from the analysis, due to lack of
data on patients below the age of 15 in the mortality
table used. The effect of EDI and year of onset of
symptoms were still statistically significant (M4)
(etable 1 online-only supplements).
Missing data
In order to control for differences between patients with
and without missing data on EDI (n = 3355 vs
www.thelancet.com Vol 24 January, 2023
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Model Formula Number of regression
parameters

Number of smoothing
parameters

Effective degrees
of freedom

Corrected Akaike
Information Criteria

R-MS

M1 tensor(t,age) + sex 31 2 13.27 13,826.47

M2 tensor(t,age) + sex + s2(year of onset of symptoms) 35 3 16.10 13,811.33

M3 tensor(t,age) + sex + s1(EDI) 35 3 16.42 13,796.10

M4 tensor(t,age) + sex + s1(EDI) + s2(year of onset of symptoms) 39 4 18.61 13,780.76

M5 tensor(t,age) + sex + s1(EDI) + s2(t)*EDI 39 4 17.59 13,792.95

M6 tensor(t,age) + sex + s1(EDI) + s2(year of onset of
symptoms) + s3(year of onset of symptoms)*EDI

43 5 21.07 13,780.19

PPMS

M1 tensor(t,age) + sex 31 2 11.44 4923.41

M2 tensor(t,age) + sex + s2(year of onset of symptoms) 35 3 12.14 4921.56

M3 tensor(t,age) + sex + s1(EDI) 35 3 14.17 4922.70

M4 tensor(t,age) + sex + s1(EDI) + s2(year of onset of symptoms) 39 4 14.93 4920.28

M5 tensor(t,age) + sex + s1(EDI) + s2(t)*EDI 39 4 15.55 4924.43

M6 tensor(t,age) + sex + s1(EDI) + s2(year of onset of
symptoms) + s3(year of onset of symptoms)*EDI

43 5 16.02 4922.18

aFor R-MS, the knots’ locations for time were (0.1, 12.1, 16.8, 21.3, 25.6, 30.0), for age were (−19.5, −2.3, 5.2, 13.3, 39.2), for EDI were (−11.1, −2.6, −0.6, 2.0, 32.1) and for year of onset of symptoms were
(−39, −9, 0, 7, 16). For PPMS, the knots’ locations for time were (2.3, 10.1, 14.2, 18.6, 23.3, 29.9), for age were (−28.7, −7.3, 1.4, 7.8, 29.5), for EDI were (−8.3, −2.5, −0.6, 1.9, 28.6) and for year of onset
were (−39, −8, 0, 6, 15).bA reading guide accompanying table to describe model building strategy is available in the Supplemental Materials.

Table 2: Model building strategy to measure EDI effect for 30-year disease duration.a,b
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n = 34,169), descriptive analysis between the two groups
was performed (etable 2a and b online-only supple-
ments). This description revealed a higher proportion of
deaths (7.2% vs 4.4% in R-MS, 22.4% vs 13.2% in
PPMS) and over double the percentage of lost to follow-
up patients in the group with missing data on EDI
(proportion of patients lost to follow-up: 17.1% vs 6.8%
in R-MS, 16.9% vs 7.2% in PPMS). There were statis-
tically significant differences between the two groups for
age at onset (R-MS) and year of onset of MS (PPMS), but
these differences did not appear to be clinically signifi-
cant (etable 2a and b online-only supplements). There
were differences between centers, with one center rep-
resenting over 50% of all missing data on EDI for both
R-MS and PPMS patients. The main analysis was
repeated excluding all patients from this center, and no
difference was found in the selection of models for R-
MS and PPMS (data not shown).
Discussion
In R-MS, more deprived patients had a higher EDR.
EDR for more deprived R-MS patients was apparent
from the very start of disease. In other words, socio-
economic inequalities were associated with higher
mortality due to MS, and these inequalities affected
excess mortality of most deprived patients from the
onset of symptoms. In PPMS, no clear effect of EDI on
EDR was found. The year of onset of symptoms was
statistically significant (higher net survival for more
www.thelancet.com Vol 24 January, 2023
recent years), and the deprivation gap for 1980 was
greater than the deprivation gap for 1990.

To our knowledge, this is the first study to estimate
excess mortality according to SES using observatory-
based data. The study of the effect of SES on overall
mortality may simply reveal other-cause mortality in MS
patients, who survive long enough to develop other health
conditions.3,4 Other causes of death in MS patients are
those of the general population such as cancer and cardio-
vascular diseases,18,29 in which low SES has been associ-
ated with worse survival.12,30–32 The risk of estimating
overall survival according to SES would be to highlight
existing differences in all-cause mortality between pa-
tients with a high and a low SES, and not in mortality due
to MS. Moreover, excess mortality models do not require
knowledge of the cause of death to estimate mortality due
MS. Lunde et al. and Harding et al. both discussed the
limitations of using death certificate information, a
sometimes unreliable information source.17,29 In addition,
Schaffar et al.33 showed that even a small amount of
misclassifications in causes of death in cancer patients led
to a large change in net survival estimation, whereas use
of inappropriate life tables did not modify net survival
estimations. Thus, use of a method that does not depend
on death certificate information is advantageous, espe-
cially in low lethality diseases such as MS where physi-
cians may not always state MS as an underlying cause of
death despite a potential association.

Deaths due to MS can occur either by acute death
due to brainstem involvement or to respiratory failure,
7
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Deprivation Gap (% [CI95%])

Survival(EDI = −6) − Survival(EDI = 12) Survival(EDI = −6) − Survival(EDI = 13)

Remitting forms Progressive forms

Men Women Men Women

Disease duration

10 years 1.81 [0.70; 2.91] 1.28 [0.50; 2.06] 0.12 [−1.14; 1.39] 0.11 [−1.03; 1.26]

20 years 7.06 [3.85; 10.28] 5.07 [2.77; 7.37] 0.53 [−4.85; 5.92] 0.49 [−4.42; 5.40]

30 years 16.57 [10.27; 22.88] 12.27 [7.59; 16.95] 1.32 [−11.89; 14.53] 1.22 [−10.98; 13.41]

Table 3: Deprivation gap by sex, disease duration and MS phenotype (year of onset of symptoms 1980).

Deprivation Gap (% [CI 95%])

Survival(EDI = −6) − Survival(EDI = 12) Survival(EDI = −6) − Survival(EDI = 13)

Remitting forms Progressive forms

Men Women Men Women

Disease duration

10 years 1.52 [0.65; 2.38] 1.07 [0.47; 1.67] 0.16 [−1.44; 1.76] 0.14 [−1.31; 1.60]

20 years 5.97 [3.47; 8.46] 4.27 [2.52; 6.02] 0.67 [−6.07; 7.41] 0.61 [−5.55; 6.77]

30 years 14.25 [8.90; 19.60] 10.46 [6.59; 14.34] 1.59 [−14.37; 17.55] 1.48 [−13.44; 16.29]

Table 4: Deprivation gap by sex, disease duration and MS phenotype (year of onset of symptoms 1990).

Articles
or as a consequence of chronic disabilities leading to
bronchopneumonia, sepsis, urinary tract infections or
complications from decubitus ulcers.34 Early access to
DMTs in R-MS, rehabilitation programs, physiotherapy
and support care are the main tools to delay onset of
disability. Inequalities in access to these factors could
explain the higher EDR found in more deprived pa-
tients. Calocer et al.35 showed that prescription of
second-line DMTs is more frequent in patients with
higher SES. French state health insurance offers uni-
versal coverage for all citizens regardless of age or eco-
nomic situation, therefore access to a sturdy care
network for daily management of MS should be equal.

Thankfully, MS is a disease with a relatively long life
expectancy for the majority of patients, which presents a
challenge when choosing indicators to measure SES.
Two options are possible. The first option is to use in-
dividual data, with a recommended combination of
three variables, education level, income and profession
to measure socio-economic status.36 The collection of
individual data encompassing the three aforementioned
variables could however be complex, due to the collec-
tion of data over several decades needed for a survival
study of patients with MS. One issue is comparability
over time of SES measures throughout the study period
Fig. 1: Excess death rate for patients with R-MS, aged 30 at onset (A), net
for a year of onset of symptoms of 1980. Excess death rate for patients
with R-MS (D), aged 30 at onset, both for a year of onset of symptoms

www.thelancet.com Vol 24 January, 2023
necessary, with another issue being the potential for a
large proportion of missing data. Even though the ma-
jority of the burden MS can have on employment occurs
after diagnosis,37 we cannot exclude that the socio-
economic level could be influenced by the disease
before MS is diagnosed, on account of prodromal
symptoms of MS.38

The second option is to use ecological data, based on
neighbourhood level census data. Krieger studied the
use of census level data to approximate individual data
to compensate for lack of individual socio-economic data
in medical records in the United States, and found
satisfying results.39 A study in Belgium found that both
individual SES and neighbourhood deprivation were
linked to cause-specific mortality in cancer, and neigh-
bourhood SES measure remained associated with this
mortality after controlling for individual socio-economic
position.40 Using a neighbourhood level proxy could
thus provide additional information compared to indi-
vidual level measures of SES. However ecological level
SES measures are necessarily subject to ecological bias.
A further potential bias resides in the fact that linkage to
the IRIS was performed according to the address avail-
able for each patient in the OFSEP database and that
this address could have been recorded at the first clinical
survival probability for patients with R-MS, aged 30 at onset (B) both
with R-MS, aged 30 at onset (C), net survival probability for patients
of 1990.

9
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visit following inclusion, with first inclusions dating
back to 1976 in the OFSEP database, or have been
updated throughout follow-up. No date corresponding to
the address in the database was available. This exposes
to the risk of reverse causation, whereby patients may
live in more socio-economically deprived areas as a
consequence of disease progression due to lower in-
come.41 Updated addresses for each patient with the date
of each address could have prevented the afore
mentioned issue or at least allowed to measure the
extent of the potential reverse causation occurring. In
addition, the socio-economic environment of an IRIS
could have evolved between 1976 and 2011, year for
which the EDI score was developed. To restrict the im-
plications of this evolution, follow-up was censored at 30
years to limit the timescale between address collection
and attribution of the EDI score whilst also allowing
sufficient follow-up for the survival study (data for 55
years of follow-up shown in etable 3 online-only supple-
ments). It is conceivable in our study that the more
deprived patients of deprived areas died first, leaving the
least deprived patients of this area alive, resulting in an
accentuation of ecological fallacy, in which living in a
deprived area does not necessarily mean every individ-
ual within this area is deprived. A prospective cohort
with recording of dates corresponding to each change of
address for each participant would allow correct attri-
bution of neighbourhood socio-economic status specific
de each time period of each address. So far, few studies
have examined the effect of neighbourhood-level socio-
economic status on neurological disease outcomes; this
data has therefore rarely been recorded in past years.
Scandinavian population-based registries demonstrate
the benefit of having such data, however such registries
do not currently exist in France or in many other Eu-
ropean countries.

The ideal situation would therefore have been to use
both individual and ecological data, the first to avoid
using a proxy and therefore ecological bias, and the
latter, if based on census data as is the case in this study,
to avoid large proportions of missing data and to provide
contextual information.42 Individual level data is how-
ever not currently available in France for the full cohort
of nearly 35,000 patients with MS present in this study.
Population-based registries such as in Scandinavian
countries providing both individual-level socio-eco-
nomic data and morbimortality data are an example of
the information that could have been used instead of a
contextual measure of SES using composite indexes
such as the EDI score.9,10 However, it has been shown
that the smaller the statistical unit measured, the greater
the magnitude effect.43 Therefore, the results found in
this study would likely be amplified if measure of SES
had been performed using individual-level data. In
addition, area-level data can take into account contextual
effects of deprivation that individual-level data cannot.40
In order to implement public health policies to
reduce these socio-economic inequalities, it is necessary
to examine which components of SES are the most
responsible for these inequalities. The EDI score is a
composite score and separating the ten individual
components of the EDI score is not recommended,
since the weighting of these ten variables is chosen
according to the correlation between variables and ac-
cording to subjective and objective poverty, and the
robustness of the score is only guaranteed when the
score is used in its entirety.44 A study by Marrie et al.
using individual-level data found that lower health lit-
eracy in MS patients was linked to an increase in the
risk of smoking, obesity, as well as increased risk of
visits to the emergency room and overnight hospitali-
zations,45 suggesting that preventive behaviours were
less adopted by patients with lower health literacy.
Further studies such as this study by Marrie et al.,
examining individual-level data to study the effect of
education level, income, and occupation are necessary to
adapt public health policies and preventive practices to
try to reduce the deprivation gap.

The analysis of missing data on EDI in this study
suggests that data is not missing completely at random,
however imputation techniques are not yet available in
the survPen package used.28 One center was responsible
for over 50% of missing data on EDI, however when the
analysis was repeated excluding all patients from this
center, no difference in selection of models was found.

The OFSEP database provides a large cohort of MS
patients with a long enough follow-up to enable decent
statistical power for an excess mortality study.21 How-
ever, the database is not provided from a national reg-
istry but from an observatory, based on MS expert
centers. Patients are recruited in the OFSEP database by
neurologists in these expert centers. Recruitment bias is
possible with an overrepresentation of more active MS
forms than in the general MS population since patients
with more active MS tend to be treated in expert centers.
In order to measure the magnitude of this bias, a pre-
vious study on the same cohort provided a sensitivity
analysis with censorship of follow-up in 2000, before
widespread access to DMTs.5 The results found negli-
gible differences compared to the main analysis, sug-
gesting that this recruitment bias of more active MS
patients was limited.

An SES gradient is present in mortality in the gen-
eral population,16 thus the lack of SES data in the lifet-
ables used could lead to a possible overestimation of the
socio-economic gradient in the excess mortality rate of
the study population. In the sensitivity analysis using
simulated life tables based on individual SES,11,46 EDI
score remained significant in the models for both phe-
notypes, suggesting that the overestimation of EDR due
to the lack of socio-economic data in the general popu-
lation tables does not question the overall results of the
www.thelancet.com Vol 24 January, 2023
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study, being that excess mortality is associated with SES
in MS patients.

Data on comorbidities, disability stage and DMTs
could have been informative to help explain the socio-
economic mortality gradient found in R-MS patients.
Nevertheless, it is necessary to begin with measuring
the total effect of a variable on an outcome of interest
before measuring mediating effects of other covari-
ables.47 Year of onset of symptoms was included in the
models to measure era effect. Even though no infor-
mation on treatment status was available, the smaller
deprivation gap for a later year of onset of symptoms
could be due to the beginning of some effective treat-
ments. Studies including these factors, especially treat-
ment status, are necessary to further explain the
association between socio-economic status and mortality
in MS.
Conclusion
This study reveals socio-economic inequalities in R-MS
patients in excess mortality, therefore accounting only
for deaths related directly or indirectly to MS and not in
overall mortality, with differences between less deprived
and more deprived patients occurring within the first
decades of disease duration. Socio-economic deprivation
should be considered as a complexifying factor in
managing MS from the very beginning of symptoms
throughout disease duration. Focus on improving
equality in health outcomes should be a priority for both
health policy makers and clinicians in day-to-day prac-
tice when treating patients with MS.
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