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a b s t r a c t

In France, few data sources are available to estimate the impact of multiple sclerosis (MS) on job

retention and its consequences on the level of resources, especially in large representative

samples. The aim of the present study was to measure impact of MS on employment rates,

wages and income (including unemployment benefit, sickness benefit and disability pension)

by comparing work trajectories of people living with MS with those of a matched control group.

We used the HYGIE database, which is the result of the linkage of two administrative databases

in the private sector for a random sample of over 900,000 people. In order to identify the causal

effect of MS on employment after 1 to 20 years, the difference-in-differences method with

matching (age, sex, career and health history) was used, overall and in subgroups. The year of

entry in long-term disease status for MS was used to approximate the onset of MS. Overall, 946

people with MS were included. Their situation was fairly favorable before MS (88.1% in

employment, resources higher than the median for the general population), but MS had strong

and continuous negative effects. Indeed, at 10 years, the employment rate fell by 28.6 per-

centage points (pp) and the disability pension allowance increased by 50.5 pp; the wage

percentile fell by 19.2 pp and the replacement income accounted for a growing share of total

income (+ 39.7 pp). Although administrative data had several strengths, clinical information on

the severity of the disease or on its therapeutic management was not available. In conclusion,

this study shows that the effects of MS on the employed population in the private sector occur

early in the disease course and are cumulative, and that replacement income helps to reduce

the loss of resources thanks to the French health and social system.
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1. Introduction

Multiple sclerosis (MS) is a disease of the central nervous

system that affects 2.8 million individuals in the world. It often

begins between 20 and 40 years old and three quarters of cases

are women [1]. About 120,000 people live with MS in France

[2,3]. This chronic disease lasts for several decades and excess

mortality compared with general population started 20 years

after clinical onset [4,5]. For all of these reasons, employment

and occupational trajectories are likely to be affected by the

disease.

In the literature, few studies on the impact of MS on work

including French data are available, and most of them are

descriptive and cross-sectional: one European study [6], two

national studies [7,8] and two regional studies [9,10]. Based on

data from the French National Health Data System (SNDS) in

2013, 21% of people with MS had at least one sickness leave,

with a median duration of 29 days [11].

In the international literature, the employment rate of

people with MS varies widely between studies (range: 26–74%)

[12], depending on the study populations (age, disease

duration, level of education, etc.) and contexts (including

legal and insurance systems). All the studies consistently

show that MS has an impact on work, often early after disease

onset. Even if disability does not seem visible, the conse-

quences of the disease are present and lead to a lower

employment rate than that in the general population. Few

longitudinal studies are available, as highlighted in the first

scoping review dedicated to the occupational outcomes in MS

[12]. Indeed, among the 403 included studies, only 77 (19.1%)

were longitudinal and 63 (15.6%) used a control group.

Thus, the main objective of the present study was to assess

the impact of MS on employment status and income in the

short and medium term (1 to 20 years) using French

population-based data. By taking into account replacement

income, i.e. unemployment benefit, sickness benefit and

disability pension, the role of the French social protection

system has been taken into account. The second objective was

to perform subgroup analyses according to sex, age, period,

and presence of comorbidities, to check whether the magni-

tude of the effects of MS differed according to these

characteristics.

2. Material and methods

2.1. Data source

We used the HYGIE database, which results from the linkage

of two French administrative databases for a random sample

of private sector employees aged 22 to 70 years in 2005. Indeed,

data from the National Pension Fund (CNAV) which contains

detailed information on workers’ status in the labor market

(collected on a quarterly basis, from career onset) were linked

to data from the National Health Insurance system which

contained summarized data on health care use, health status

and sick leaves. Linkage was performed using a unique

identifier number (15-digit) available in both data sources. The

CNAV data constituted the point of entry and a random
sample of beneficiaries aged 22 to 70 years who contributed to

the general pension fund at least once in their life was

included. The sample was randomly selected using specific

values of the unique key identifier and the sampling rate was

1/50th. Information about sex came from the health insurance

database and was collected as assigned at birth, i.e. as a binary

variable. Health status was approximated through a list of

long-term diseases (LTD) that are fully reimbursed by the

health insurance system, MS being on the list (ICD-10 code

G35). Thus, the HYGIE database offers the opportunity to study

work trajectories and to identify occurrence of major health

events.

2.2. Study population

From the entire population available in the HYGIE database

(n = 923,561), people eligible to the present study fulfilled the

following criteria: LTD registration for MS, between 1987 and

2013 (to get sufficient follow-up), having at least one year

available before and after the LTD registration, and registered

to the general insurance scheme before and after MS.

For each individual, follow-up started in the year prior to

LTD registration for MS and ended either with death, with a

change of insurance scheme, or the end of available data (31/

12/2015). The year of LTD registration for MS (noted T) defined

the index date.

2.3. Data

To measure the effect of MS on work trajectories, we built

several annual indicators:

� three possible and mutually exclusive statuses: employ-

ment/unemployment/inactivity;

� two indicators related to health status: sick leave and

disability pension;

� two indicators related to wages, the same for income, and

the part of replacement income in total income.

Unemployment was defined as having at least one quarter

of unemployment within a year without having any quarter in

employment. Inactivity was defined as not having any quarter

in employment or unemployment. Thus, the probability of

being employed, unemployed or inactive was calculated every

year, the sum of the three probabilities being equal to 100%.

Sickness leave and disability pension annual statuses were

defined as having at least one quarter of sick leave or disability

pension respectively. As those two statuses were based upon

different kinds of information, they are not mutually

exclusive, and it is therefore possible that an individual is

considered as both ‘‘receiving sick leave’’ and ‘‘receiving

disability pension’’, either simultaneously or in two separate

quarters in the same year.

Wages (issued from work) and income were also studied,

income being equal to the sum of wages and replacement

income, and replacement income being composed of daily

allowances for sickness leaves, unemployment benefits and

disability pensions. Two indicators were considered: the

percentile and the relative value to the median. Thus, the



Table 1 – Characteristics of people living with multiple
sclerosis included in the present study.

Number %

Number of people with MS 946

Sex

Men 299 31.7%

Women 644 68.3%

Age at LTD registration for MS

< = 38 years old 491 51.9%

> 38 years old 455 48.1%

Comorbidities

No 731 81.5%

Yes 166 18.5%

Year of LTD registration for MS

< = 1998 245 27.3%

> 1998 652 72.7%

LTD: long-term disease.
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wage (respectively income) percentile corresponds to the

distribution of wages (respectively income) of the MS popula-

tion in relation to all workers included in the HYGIE database.

The relative wage, calculated as the ratio to the median, gives

the position of the MS population in relation to the median

wage of the HYGIE database (same for income).

2.4. Statistical analysis

We aimed to perform a dynamic analysis of the relationship

between health and occupation, through a before-after

analysis where the break date is the date of health event,

here LTD registration for MS. We used an approach based upon

difference-in-differences (DiD) with exact matching [13,14].

We selected controls having no long-term disease at index

date, matched for sex, and using caliper matching for the

continuous variables: age (2 years), starting wage quartile (5

points), past stable employment rate (5 points), past illness

rate (5 points). All eligible individuals were included in the

control group and each control could be matched several

times, to increase both the matching rate and the statistical

power. In order to limit the bias of selecting ‘‘never sick’’

controls (not representative of the general population i.e.

would lead to an overestimation of the effects of MS), controls

could also have registered for a LTD (other than MS) over time,

but only after the end of the analysis period. Thus, controls

could have a LTD from T + 2 for the effects measured in T + 1,

from T + 3 for the effects measured in T + 2, etc.

The results obtained from the DiD method are presented as

variations over time measured in the MS population and

attributable to MS due to the use of a comparable control
Fig. 1 – Flowchart of the
population [15]. Effects of MS were evaluated at different time

points: 1 year to 20 years after LTD registration for MS and are

expressed as percentage points (pp). Analyses were performed

on the overall population, then stratified according to

categories defined by: sex, age at and year of LTD registration

MS, and presence of comorbidities.

2.5. Ethics

In accordance with the French legislation, the present study

was approved by the national data protection agency

(Commission Nationale Informatique et Libertés [CNIL];

approval DR-2019-152).
 study population.
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3. Results

3.1. Characteristics of the study population

The study population was composed of 946 people with MS

(Fig. 1) and their characteristics are presented in Table 1.

3.2. Effects of MS on employment

In the year preceding LTD registration for MS (T�1), 88.1% of

people were employed, 4.5% unemployed and 7.4% inactive

(Table 2). In addition, 13.0% had sickness leave for at least one

quarter and 7.3% received disability pension.

In the year following LTD registration for MS (T + 1), the

employment rate significantly decreased by 6.6 percentage

points (pp). The significant negative effects of MS on

employment persisted and even increased over time: �12.1

pp at 2 years, �22.4 pp at 5 years, �28.6 pp at 10 years, �35.1 pp

at 15 years, and –46.2 pp at 20 years (T�1 always being the

reference). On the other hand, the proportion of people being

unemployed remained relatively stable (between 3 and 5%)

and was not significantly affected by MS. The decline in

employment was therefore translated into an increase of

inactivity. Indeed, in the year following LTD registration for

MS, the proportion of inactive persons increased by 6.9 pp.

Over the 20 years of follow-up, this proportion increased

regularly and significantly, reaching +21.1 pp at 5 years, +29.6

pp at 10 years, +36.7 pp at 15 years, and +48.9 pp at 20 years

(Fig. 2).

3.3. Effects of MS on sickness leave and disability pension

Regarding sick leave (Table 2 and Fig. 3), the effect of MS was

very strong (significantly different from 0) in the first 3 years

following LTD registration. Indeed, the proportion of indivi-

duals being in sick leave increased by +23.6 pp at T + 1, +17.6 pp

at T + 2 and +10.0 pp at T + 3. From the 4th year onwards, the

effect became almost null and then went in the opposite

direction.

Conversely, the proportion of people receiving disability

pension (Table 2 and Fig. 4) rose steadily from 7.3% in T�1 to

+5.4 pp at T + 1, +50.5 pp at T + 10 and +68.3 pp at T + 20.

3.4. Effects of MS on wages and income

These changes had an impact on wages and income (Table 2).

Before the disease, the relative income of people with MS was

51% higher than the median (value 151), and then has fallen

strongly and steadily: �14 pp at T + 1, �32 pp at T + 5, �44 pp at

T + 10 and even �75 pp at T + 20. In terms of income

percentiles, people with MS fell from the 64th percentile, well

above the median, to the 46th percentile (64–18) after 20 years.

Regarding wages, prior to LTD registration, the MS

population was at the 56th percentile of salary (i.e. 6 ranks

above the median). Over time, MS caused this position to fall

steadily (Table 2): from �6 ranks in the first year (i.e. at the

median of the HYGIE population) to �19 ranks in the tenth year

and �28 ranks after 20 years. The relative wage of the MS

population also fell significantly over the period, from 126



Fig. 2 – Effects of MS on employment according to time from/to MS registration (T, years), overall and by subgroups (black:

inactivity; dark grey: unemployment; light grey: employment).
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Fig. 3 – Effects of multiple sclerosis on sickness leave according to time from/to MS registration (T, years).

Fig. 4 – Effects of multiple sclerosis on disability pension according to time from/to MS registration (T, years).
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initially (26 points above the median) to 61 (126–65) after 10

years and 30 (126–96) after 20 years. This sharp downgrading

was consistent with the decline in the ability to work and we

observed a radical shift in the composition of income, with the

part of replacement income in the total income rising from

16.2% to about 75%.

3.5. Subgroup analyses

Sex differences were relatively marginal regarding employ-

ment (Table 3). The employment rate in T�1 was similar
between men and women (around 88%) and decreased in the

same proportions over time (except in year 10).

The situation differed according to the age of LTD

registration for MS (Table 4). Indeed, fewer people > 38 years

old were working in T�1 (80.7% vs. 94.9% for those under 38),

and the drop in employment rate was much more pronoun-

ced: �7.6 pp in T�1 to �42.3 pp in T + 10 (versus �5.6 pp and

�19.6 pp respectively in younger people).

People with MS and comorbidity (Table 5) had a lower

percentage of employment than those without comorbidity

before MS (79.6% vs. 90.6% at T�1), and the effects of MS were



Table 3 – Effects of multiple sclerosis on employment and income in the study population according to sex.

Time to MS T�1 (reference) T + 1 T + 2 T + 3 T + 4 T + 5 T + 10

MEN

Number of people with MS 299 292 271 251 220 150

Employment 87.2 �6.6 *** �14.2 *** �16.7 *** �20.9 *** �23.5 *** �25.7 ***

Unemployment 5.2 �2.3 * +0.2 ns +0.3 ns �0.3 ns +1.6 ns �3.9 *

Inactivity 7.5 +9.0 *** +14.0 *** +16.4 *** +21.1 *** +21.9 *** +29.7 ***

Sickness leave 9.5 +25.0 *** +19.9 *** +10.9 *** +2.2 ns +0.3 ns �1.8 ns

Disability pension 7.5 +4.6 *** +16.4 *** +28.5 *** +34.2 *** +34.8 *** +48.4 ***

Relative income (median = 100) 164 �20 *** �31 *** �35 *** �46 *** �42 *** �53 ***

Income percentile 67.0 �5.0 *** �6.3 *** �7.6 *** �9.6 *** �10.6 *** �12.5 ***

Part of replacement income in total income 15.8 +10.4 *** +16.8 *** +23.0 *** +26.5 *** +29.1 *** +38.7 ***

Relative wage (median = 100) 167 �31.4 *** �45 *** �52 *** �64 *** �61 *** �76 ***

Wage percentile 65.4 �7.6 *** �10.3 *** �13.3 *** �15.6 *** �16.7 *** �20.9 ***

WOMEN

Number of people with MS 644 627 587 540 494 288

Employment 88.6 �6.3 *** �10.8 *** �17.8 *** �20.8 *** �22.1 *** �30.3 ***

Unemployment 4.1 +0.4 ns +0.9 ns +4.5 *** +2.5 * +1.5 ns +0.6 ns

Inactivity 7.3 +5.9 *** +9.9 *** +13.4 *** +18.3 *** +20.6 *** +29.7 ***

Sickness leave 14.6 +22.8 *** +17.1 *** +9.7 *** +2.3 ns +3.7 ns �5.7 **

Disability pension 7.2 +5.7 *** +16.0 *** +27.3 *** +32.8 *** +36.9 *** +51.5 ***

Relative income (median = 100) 108 �11 *** �13 *** �19 *** �26 *** �29 *** �37 ***

Income percentile 53.8 �3.2 *** �3.8 *** �5.2 *** �7.1 *** �7.9 *** �10.8 ***

Part of replacement income in total income 16.3 +11.6 *** +15.5 *** +23.1 *** +25.7 *** +28.7 *** +39.6 ***

Relative wage (median = 100) 107 �21.0 *** �25 *** �33 *** �41 *** �46 *** �56 ***

Wage percentile 52.8 �5.6 *** �7.3 *** �9.8 *** �12.6 *** �14.0 *** �18.6 ***

*: P < 0.1; **: P < 0.05; ***: P < 0.01; ns: not significant.

Table 4 – Effects of multiple sclerosis on employment and income in the study population according to age at long-term
disease registration for multiple sclerosis.

Time to MS T�1 (reference) T + 1 T + 2 T + 3 T + 4 T + 5 T + 10 %

<= 38 years old

Number of people with MS 491 479 454 420 387 263

Employment 94.9 �5.6 *** �11.6 *** �14.2 *** �14.3 *** �17.1 *** �19.6 ***

Unemployment 3.6 +1.0 ns +3.6 ** +5.4 *** +2.4 * +2.3 ns +1.7 ns

Inactivity 1.6 +4.6 *** +8.1 *** +8.9 *** +11.9 *** +14.7 *** +17.8 ***

Sickness leave 13.5 +22.3 *** +18.1 *** +12.1 *** +5.5 ** +6.6 *** +0.3 ns

Disability pension 2.2 +1.8 *** +8.7 *** +18.6 *** +23.4 *** +26.7 *** +41.7 ***

Relative income (median = 100) 119 �12 *** �14 *** �14 *** �19 *** �21 *** �33 ***

Income percentile 56.8 �3.2 *** �3.8 *** �3.8 *** �5.2 *** �5.5 *** �8.0 ***

Part of replacement income in total income 11.4 +9.3 *** +12.9 *** +18.3 *** +19.2 *** +23.0 *** +33.4 ***

Relative wage (median = 100) 120 �20.5 *** �23 *** �25 *** �30 *** �34 *** �51 ***

Wage percentile 56.5 �4.9 *** �6.1 *** �7.0 *** �8.8 *** �9.8 *** �14.8 ***

> 38 years old

Number of people with MS 455 440 402 373 327 173

Employment 80.7 �7.6 *** �12.6 *** �20.5 *** �27.7 *** �28.8 *** �42.3 ***

Unemployment 5.5 �1.8 ns �2.5 * +0.3 ns +0.1 ns +0.2 ns �5.1 **

Inactivity 13.8 +9.3 *** +15.1 *** +20.2 *** +27.7 *** +28.6 *** +47.4 ***

Sickness leave 12.5 +25.0 *** +17.0 *** +7.6 *** �1.1 ns �2.9 ns �12.0 ***

Disability pension 12.9 +9.3 *** +24.3 *** +38.0 *** +44.7 *** +47.9 *** +63.9 ***

Relative income (median = 100) 134 �16 *** �24 *** �35 *** �45 *** �45 *** �61 ***

Income percentile 59.3 �4.6 *** �5.8 *** �8.4 *** �10.9 *** �11.9 *** �15.9 ***

Part of replacement income in total income 21.5 +13.5 *** +19.0 *** +28.1 *** +32.9 *** +35.4 *** +49.2 ***

Relative wage (median = 100) 133 �29.5 *** �41 *** �56 *** �66 *** �68 *** �85 ***

Wage percentile 57.1 �7.9 *** �10.8 *** �15.4 *** �18.9 *** �20.2 *** �25.8 ***

*: P < 0.1; **: P < 0.05; ***: P < 0.01; ns: not significant.
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systematically stronger in that group (�9.1 pp vs. �6.3 pp at

T + 1, and �31.8 pp vs. �27.9 pp at T + 10).

Regarding the year of LTD registration (Table 6), the most

recent MS (> 1998) seemed to remain employed more often

than the oldest MS (< = 1998) (respectively 88.9% vs. 86.0% at
T�1, �5.9 pp vs. �9.4 pp at T + 1, and �26.0 pp vs. �31.8 pp at

T + 10).

Regarding the effects of MS on sickness leave, all the

subgroups showed a profile similar to the overall study

population (Fig. 3): a significant increase in the year following



Table 5 – Effects of multiple sclerosis on employment and income in the study population according to presence of
comorbidity.

Time to MS T�1 (reference) T + 1 T + 2 T + 3 T + 4 T + 5 T + 10 %

WITHOUT COMORBIDITY

Number of people with MS 731 711 657 607 547 341

Employment 90.6 �6.3 *** �10.9 *** �15.1 *** �18.7 *** �21.1 *** �27.9 ***

Unemployment 3.8 +0.1 ns +0.6 ns +2.7 ** +1.7 ns +2.1 * �0.9 ns

Inactivity 5.6 +6.2 *** +10.3 *** +12.5 *** +17.0 *** +19.0 *** +28.8 ***

Sickness leave 10.3 +23.8 *** +19.3 *** +11.7 *** +3.7 ** +3.9 ** �4.9 **

Disability pension 5.6 +4.2 *** +13.3 *** +25.0 *** +30.4 *** +33.3 *** +48.1 ***

Relative income (median = 100) 132 �14 *** �18 *** �23 *** �30 *** �31 *** �44 ***

Income percentile 59.4 �3.7 *** �4.3 *** �5.3 *** �7.4 *** �8.1 *** �11.5 ***

Part of replacement income in total income 13.4 +10.7 *** +14.7 *** +21.8 *** +24.6 *** +27.9 *** +39.6 ***

Relative wage (median = 100) 134 �24.6 *** �30 *** �38 *** �46 *** �48 *** �65 ***

Wage percentile 58.5 �6.1 *** �7.5 *** �9.9 *** �12.6 *** �13.7 *** �19.2 ***

WITH COMORBIDITY

Number of people with MS 166 161 157 151 145 91

Employment 79.6 �9.1 *** �16.8 *** �22.8 *** �27.4 *** �27.9 *** �31.8 ***

Unemployment 6.9 �3.4 ns �0.6 ns +2.2 ns �0.3 ns �1.5 ns �0.2 ns

Inactivity 13.4 +12.6 *** +17.5 *** +20.6 *** +27.7 *** +29.4 *** +32.0 ***

Sickness leave 22.2 +29.0 *** +18.6 *** +8.7 ** +0.6 ns �2.7 ns �2.8 ns

Disability pension 13.0 +7.2 *** +24.3 *** +36.8 *** +43.4 *** +46.4 *** +59.5 ***

Relative income (median = 100) 104 �20 *** �25 *** �32 *** �37 *** �37 *** �44 ***

Income percentile 53.1 �6.3 *** �7.2 *** �9.1 *** �10.4 *** �9.9 *** �10.8 ***

Part of replacement income in total income 25.8 +11.5 *** +19.8 *** +27.5 *** +31.0 *** +31.7 *** +41.6 ***

Relative wage (median = 100) 98 �31.2 *** �41 *** �50 *** �56 *** �57 *** �68 ***

Wage percentile 50.7 �8.5 *** �12.2 *** �15.5 *** �17.7 *** �17.7 *** �19.9 ***

*: P < 0.1; **: P < 0.05; ***: P < 0.01; ns: not significant.

Table 6 – Effects of multiple sclerosis on employment and income in the study population according to year of long-term
disease registration for multiple sclerosis.

Time to MS T�1 (reference) T + 1 T + 2 T + 3 T + 4 T + 5 T + 10 %

< = 1998

Number of people with MS 245 239 239 234 236 201

Employment 86.0 �9.4 *** �16.2 *** �16.1 *** �21.2 *** �25.8 *** �31.8 ***

Unemployment 4.8 �0.4 ns �0.3 ns �1.6 ns �1.5 ns 0.0 ns �2.7 ns

Inactivity 9.2 9.8 *** 16.5 *** 17.6 *** 22.8 *** 25.8 *** 34.5 ***

Sickness leave 15.2 22.4 *** 17.9 *** 13.3 *** 5.0 ns 5.3 ns �5.7 *

Disability pension 9.6 5.5 *** 15.9 *** 30.7 *** 35.6 *** 38.7 *** 53.4 ***

Relative income (median = 100) 116 �22 *** �23 *** �26 *** �35 *** �40 *** �50 ***

Income percentile 57.4 �7.2 *** �7.6 *** �7.9 *** �10.4 *** �10.9 *** �12.5 ***

Part of replacement income in total income 18.2 5.9 *** 12.8 *** 24.3 *** 26.9 *** 32.2 *** 42.1 ***

Relative wage (median = 100) 116 �26.8 *** �32 *** �41 *** �51 *** �58 *** �72 ***

Wage percentile 55.8 �7.7 *** �9.6 *** �12.6 *** �15.4 *** �16.8 *** �20.7 ***

> 1998

Number of people with MS 652 633 575 524 456 231

Employment 88.9 �5.9 *** �10.5 *** �16.8 *** �20.1 *** �20.8 *** �26.0 ***

Unemployment 4.4 �0.6 ns 0.6 ns 4.3 *** 2.6 * 2.1 ns 1.0 ns

Inactivity 6.8 6.5 *** 9.8 *** 12.5 *** 17.6 *** 18.7 *** 25.1 ***

Sickness leave 12.2 25.6 *** 19.7 *** 10.2 *** 2.2 ns 1.0 ns �3.3 ns

Disability pension 6.5 4.4 *** 15.1 *** 25.8 *** 31.9 *** 34.7 *** 48.0 ***

Relative income (median = 100) 129 �13 *** �18 *** �24 *** �30 *** �29 *** �39 ***

Income percentile 58.2 �3.0 *** �3.8 *** �5.3 *** �6.9 *** �7.2 *** �10.3 ***

Part of replacement income in total income 15.4 12.8 *** 16.7 *** 22.3 *** 25.4 *** 26.9 *** 38.2 ***

Relative wage (median = 100) 130 �25.4 *** �32 *** �40 *** �47 *** �46 *** �60 ***

Wage percentile 57.1 �6.1 *** �7.9 *** �10.3 *** �12.8 *** �13.3 *** �18.2 ***

*: P < 0.1; **: P < 0.05; ***: P < 0.01; ns: not significant.
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LTD registration, persisting over 3 years and then reducing

over time. The same profile, i.e. a sharp increase over time,

was also systematically observed regarding the effects of MS

on disability pension (Fig. 4). People > 38 years old at LTD
registration for MS had a higher increase of disability pension

over time (+63.9 pp vs. +41.7 pp at T + 10), which seems

consistent with the fact that they were less likely to remain

employed. The part of disability pension among people with



Fig. 5 – Effects of multiple sclerosis on relative income (median = 100) according to time from/to MS registration (T, years),

overall and by subgroups.
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comorbidities increased by +59.5 pp after 10 years, compared

with +48.1 pp in the absence of comorbidity.

In terms of relative income, there were distinct trends

among subgroups (Fig. 5). Firstly, according to sex (Fig. 5 and

Table 3), we showed that the evolution of the employment rate

was almost similar, whereas significant differences were

observed between men and women for wages and income.

Indeed, among women who had a lower initial income than

men (108 compared with 164), relative income deteriorated

less sharply than among men (�37 pp vs. �53 pp at T + 10).

However, relative income at the end of the period remained in

favor of men. As women were very close to the median income

at the time they registered for MS, they fell below this level in

the first year after LTD registration while men remained above

the median income at 10 years. Older people at LTD

registration had higher relative income before MS than

younger people (134 vs. 119 at T�1) but experienced a stronger

decrease over time (�61 vs. �33 at T + 10), putting them in a

less favored situation (Fig. 5 and Table 4). People with

comorbidity were less favored before MS compared to people

without comorbidity (104 compared to 132), but MS reduced

the relative income of both groups of same magnitude (�44 pp

at T + 10), so that the gap between the two groups remained

unchanged (Fig. 5 and Table 5). However, the situation of

people with comorbidities was more worrying, since they

received 60% of the median income at T + 10. For people with

LTD registration before 1998, the drop in income was greater

(�50 pp after 10 years) than for people with registration after

1998 (�39 pp), meaning that the level of income was better

preserved in the recent period (Fig. 5 and Table 6).

4. Discussion

Using longitudinal administrative data from a French random

sample of salaried workers, we found that MS had significant,

strong and negative effects on work. From the first year

following LTD registration, MS reduces the probability of being

employed and increases the probability of being inactive and

receiving disability pension.

The size of the HYGIE database allowed estimation by the

DiD method with exact matching, to constitute a large control

group that was fully comparable to MS population. This

statistical method aimed to identify the specific effects of MS

by neutralizing the other effects that can influence occupa-

tional trajectories, whether they are linked to the individuals

or to the economic situation. Thus, the observed decline in the

employment rate considers individual characteristics of age,

sex, previous health status and previous employment, as well

as changes in the labor market in France over time.

Quantifying the effect of MS on occupational trajectories in

comparison with a matched control group provides an

opportunity to measure the direct and indirect effects of the

disease. Indeed, the direct effects of the disease are the

consequences of relapse occurrence, presence of symptoms,

disability accumulation, etc., whereas the indirect effects can

relate to the occurrence of comorbidities or lifestyle changes

due to MS. The same type of questions about the direct and

indirect effects of MS arises when studying other outcomes,

such as mortality [5].
Some results are probably related to the French regulatory

framework. The switch from sickness leave to disability

pension in the first 3 years can be explained by changes in

rights: transition to long illness after 6 months off work, then

to disability within a maximum of 3 years. Similarly, the result

showing that the impact of MS has no influence on unem-

ployment, except in the third year, is certainly linked to the

risk of dismissal for unfitness (medical reason) prior to

initiation of disability pension.

The decrease of employment led to a sharp increase in

inactivity and, in parallel, disability pension, overall and in the

following subgroups: people who were older when they

registered LTD for MS (> 38 years old), people who had oldest

registration (< = 1998), and people with comorbidities. The

issue of comorbidities is playing an increasing role in the field

of MS [16], due to the multiple consequences: delay in

diagnosis, complexity of management, progression of dis-

ability, etc. In a recent study from Northern Europe [17], the

authors also showed a high level of disability pension in the

MS population compared with the matched general popula-

tion (50% vs. 20%) and observed that, in 15% of cases, disability

pension depended not only on MS, but also on other diseases.

Subgroup analyses showed negative effects of MS of

decreased magnitude in the most recent period (after 1998),

which is consistent with findings from a Finnish study [18].

Among 484 people with MS, they found that the risk of getting

disability pension was lower after 1995 than before (HR 0.41

[0.31–0.55]). The median time between diagnosis and onset of

disability pension increased from 8.3 years for people

diagnosed before 1995 to 11.1 years for those diagnosed more

recently. These differences may reflect differences in diag-

nosis and/or treatment. Indeed, changes in MS management

(such as new drugs, early treatment, and multidisciplinary

care [19]) may have a positive effect on job retention for people

with MS. Due to lack of information in the database, it was not

possible to carry out analyses according to disease-modifying

treatments or visits to MS expert centers.

Age had a significant effect. Indeed, the oldest people at

LTD registration received more often disability pension at that

time, and their proportion increased more sharply each year

compared with younger patients. We do not know the age at

MS diagnosis but it has been observed that late-onset MS has a

poorer prognosis and is more often progressive [20].

Regarding sex, we observed that the employment rate was

quite comparable between men and women before MS, and

that the effects of MS were more or less the same in both

groups.

The difference between relative wage and relative income

indicates the level of financial compensation provided by

replacement income. We found that the French social

protection system limits the deterioration in people’s financial

situation by 20 points. Indeed, by comparing the effect of MS

on relative indicators, we can see that replacement income

avoids a drop of 21 ranks (�65 for wages vs. �44 for income at

T + 10, and respectively �96 vs. �75 at T + 20). At 20 years,

replacement income represents almost 75% of total income,

which enables people to limit the loss of resources. However,

both relative wage and relative income fall below the median.

We do not have explanations regarding the fact that relative

income (151) and relative wage (126) were so high at T�1.
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Indeed, there is no clear relationship between socio-economic

status and risk of MS, and we cannot rule out a risk of under-

diagnosis or under-registration for LTD in people with low

income.

Subgroup analyses have highlighted specific situations

regarding wages and income. The effects known in the

literature on sex differences (lower wages for women for

equivalent tasks, less stable employment, part-time work and

more frequent career breaks) were probably observed, as men

have higher wages than women, and men were in a more

favorable situation than the average French population of

private-sector employees before MS. At 10 years, the financial

situation was still more favorable for men. However, this

difference in income was not linked to a higher retention job in

men. Indeed, the proportion of replacement income was very

similar according to sex, and has changed in the same way

over time for men and women. Therefore, we do think that the

better situation observed for men was related to their much

higher initial wage than women.

The presence of comorbidity was the only situation that

results in a worse financial situation than the average salaried

population at the index date: their wage was below the

median, but this phenomenon due to a lesser capacity to work

was compensated by replacement income, so that income was

above the median.

It is worth highlighting the strengths and weaknesses of

our study. The use of administrative data has several

advantages: there is no ‘refusal’ to participate, there is little

or no missing data (and unlike surveys conducted directly with

patients: no unavailability due to illness, refusal to respond or

inability to be contacted), and there is little or no attrition. That

being said, the lack of clinical data also leads to certain

limitations. Firstly, the date of LTD registration for MS does not

necessarily correspond to the date of diagnosis, and even less

to MS clinical onset. We do not have a reference period for time

before such registration, and it is likely to vary according to a

number of factors such as the initial characteristics of the

disease, in particular the severity of the first episode(s), the

need for disease-modifying treatment, etc. It is probably the

reason why the proportion of people being on sick leave or

receiving disability pension was not null before LTD registra-

tion for MS (T�1). With regard to period effects, we are unable

to test our hypotheses due to lack of data. Identification of MS

cases relied on a unique criterion, namely ‘‘G35’’ ICD-10 code

as the reason for LTD registration. Despite the medical

validation of this registration by a doctor from the health

insurance system, we cannot exclude a risk of false positives

(i.e. the inclusion of people without MS in the MS population)

or false negatives (i.e. the inclusion of people with MS in the

control group). If it exists, we believe that this bias does not call

into question the results or the message of this study.

Finally, we do not have characteristics of work (fixed-term

or open-ended contract, full-time or part-time, type of tasks,

etc.). The sample used in the HYGIE database is a random

sample of private sector employees and is therefore repre-

sentative of this sector. However, the results observed cannot

be extrapolated to other sectors, particularly the public sector

or that of self-employed workers. The final limitation was that

only income from public social protection was taken into

account, while people may benefit from additional income
from private insurance or company pension schemes. At

present, no source can be used to estimate the number of

people receiving this additional income, or the level of the

amounts received.

To conclude, the present study demonstrated that MS has

strongly negative and lasting effects on work in a large sample

of private sector employees in France. The employment rate

deteriorates rapidly after people had LTD registration for MS,

overall and in all subgroups. While relative wage and relative

income were above the median at the index date, all

subgroups (except men) fall below the median income after

10 years. However, even if the losses of wages and income

vary, the same gap of around 20 points at 10 years is found

between wages and income in each subgroup. This highlights

that the French social protection system is not more favorable

to certain categories, which implies that initial inequalities are

probably maintained [21].
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