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Abstract

Background: Early initiation of disease-modifying treatment (DMT) is associated with better disability

outcomes in multiple sclerosis (MS). However, little is known of how treatment decisions affect socio-

economic outcomes.

Objective: To estimate the long-term impact of early initiation of DMT on the income of MS patients.
Methods: In total, 3610 MS patients were included in this register-based cohort study. We measured the

association between the time to treatment and the outcome, defined as time from treatment initiation to a

95% decrease in annual earnings compared to each patient�s baseline level. Additionally, the association
between time to treatment and increase of social benefits (sickness absence, disability pension) was

investigated. A Cox model was adjusted for sex, onset age, education, family situation, country of birth,

living area, and disability.

Results: MS patients initiating treatment later had a higher risk of reaching the outcome- those who

started treatment after 2 years from MS onset lost 95% of their earnings sooner (HR, 1.19; 95% CI, 1.04–

1.37). Furthermore, risk to receive an annual compensation of SEK 100,000 (�EUR 10,500) was higher

for the delayed treatment group.

Conclusion: Early treatment initiation in MS is associated with better socioeconomic outcome, adding

to previous studies showing benefits regarding disability.

Keywords: Multiple sclerosis, drug therapy, time-to-treatment, income, socioeconomic factors, sick

leave, cohort studies
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Introduction

Multiple sclerosis (MS) continues to be a challenging

and disabling condition, predominantly affecting indi-

viduals in their early life, and has an impact function-

ally, financially, and on quality of life.1 Recent years

have seen a large expansion in the therapeutic options

for MS.2,3 The emergence of effective disease-

modifying treatments (DMT) has created an impetus

to diagnose as early as possible and the plethora of

new agents poses challenges in selecting the right

drug for the right person at the right time.1,4

According to the current guidelines, DMT should be

available to all people with relapsing forms of MS,5 and

should be offered as early as possible2 as early treat-

ment initiation is associated with better physical out-

comes, both in the short- and long-term.3,6–8 Although

there is a clear association between health and

income,9 and MS is associated with lower produc-

tivity at work, and higher levels of sickness absence

and disability pension,10–12 little is known of how

treatment decisions affect socio-economic outcomes

in MS patients.

The aim of this study was to estimate the long-term

impact of early treatment initiation on the income of

MS patients.

Materials and methods

Study design

We conducted an observational cohort study with

retrospective analysis on prospectively collected
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data to assess the impact of early treatment initiation

on income of MS patients. The patients who started

DMT during 2001 – 2012 were included in the study

and followed-up through 2013. The following inclu-

sion criteria were also used: 1) patient�s age:

18-64 years old at inclusion and during the follow-

up period (to be at risk for the study outcomes;

due to the retirement age); 2) no missing values

(7 patients were not included due to missing age at

onset, 6 – due to missing education information, and

9 – due to missing family situation) in the variables

used for the analyses, as this is a prerequisite for

multivariate regression (described below).

Microdata from two Swedish nationwide registers

were linked at individual level using the unique per-

sonal identification number assigned to all residents

in Sweden. The clinically generated Swedish

Multiple Sclerosis Register13,14 – which is used in

all neurology departments in the country and cur-

rently includes data on 19,620 patients (�80% of

Sweden�s estimated prevalent MS patients) – was

utilized to obtain information about individuals diag-

nosed with MS, including their age at clinical MS

onset (the first reported clinical symptoms), the

baseline scores of the Expanded Disability Status

Scale (EDSS), and DMT initiation. The following

DMTs were included: interferon beta, glatiramer

acetate, natalizumab, fingolimod, rituximab, teriflu-

nomide, alemtuzumab, mitoxantrone, and dimethyl

fumarate.

The Longitudinal Integration Database for Health

Insurance and Labor Market Studies (LISA), held

by Statistics Sweden, was used for patient-level

information on their annual income and socio-

demographic variables (sex, age, family situation,

type of living area, educational level, and country

of birth).15

Lastly, for the purpose of comparison and interpre-

tation of the results, patients were stratified into two

treatment groups by the time to treatment initiation,

set as initiation of the first DMT within two years

(�24months) and after two years (>24months)

from MS onset.

Outcomes

The study outcome was defined as time from treat-

ment initiation to a 95% decrease in annual earnings

in Swedish Crowns (SEK) compared to each

patients’ baseline level, i.e. at treatment initiation.

The choice of an analysis for such a significant

decrease was guided by the fluctuating nature of

the income (i.e., low levels of decrease are

expected). Additionally, the association between

time to treatment and increase of financial compen-

sations from social security systems, i.e., social

benefits, by SEK 100,000 was examined. These

five sources of incomes were combined and ana-

lyzed as �benefits�: disability pension, sickness

absence, disability allowance, unemployment com-

pensation, and social assistance.15

Statistical analyses

Descriptive statistics with means, medians, and pro-

portions were used to describe the study population

at baseline. One-way analysis of variance (ANOVA)

was used to compare means of continuous variables

between the two treatment groups; to compare

medians of ordinal variables, a non-parametric

Kruskal-Wallis test was used. For the categorical

variables, a Chi-square test was used. Differences

were defined as statistically significant for p values

lower than 0.05.

A survival analysis was used to measure the associ-

ation between the time from MS onset to treatment

initiation and the study outcomes. The crude and

adjusted hazard ratios (HR) and their 95% confi-

dence intervals (CI) were estimated using Cox

regression. The models were adjusted for sex, age

at MS onset, educational level, family situation

(dichotomized into being married, living with a part-

ner (cohabitant) vs. living single), country of birth,

type of living area, and baseline EDSS. The propor-

tional hazard assumption underlying the analysis

was analyzed graphically by creating log–log plots

and on the basis of Schoenfeld residuals. Product

terms between variables were checked for interac-

tion using likelihood ratio test and comparing the

models. Time to treatment initiation was also studied

using Cox regression model adjusted for propensity

score. Propensity score was calculated based on sex,

age at MS onset, education, country of birth, type of

living area, and baseline EDSS.

Ethics

The project was approved by the Regional Ethical

Review Board of Stockholm. All patients gave writ-

ten informed consent for their data to be included in

the Swedish MS Register.

Results

Analysis of earnings

The total number of patients included in the analysis

was 3610. The median follow-up time was four
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years (the interquartile range: 2 to 7; the maximum

possible value 12); total analysis time at risk was

16,888 years. More than two-thirds of the patients

were females; the mean age at MS clinical onset

was 32.6 years, and the median baseline EDSS

score was 1.5 (Table 1). Also, a majority of the

patients were born in the European Union countries

(or Norway) and had at least secondary education,

about half were married or cohabitant.

We can notice several differences when comparing

the two treatment groups. First of all, MS patients in

the delayed treatment group (time to treatment

>2 years) had on average earlier MS onset

(30.4 years vs. 34.1 years; p< 0.001), they were

slightly more disabled (the median EDSS score of

2 vs. 1.5; p< 0.001) and displayed a higher propor-

tion of married or cohabitant (62% vs. 47%;

p< 0.001). On the other hand, proportions regarding

sex, educational level, country of birth, and type of

living area were similar in the two groups.

The initial univariate Cox regression analysis

showed a statistically significant HR of 1.27 (95%
CI, 1.11–1.45) (Supplementary Table 1,

Supplementary Figure 1). It also showed that late

MS onset, lower educational level, being single,

being born outside the EU countries (or Norway),

and higher baseline disability, but not sex or type

of living area, were associated with the outcome.

The higher risk to lose earnings within the delayed

treatment group remained statistically significant

and was associated with a worse outcome after

adjusting for the covariates (Table 2 and Figure 1).

Thus, MS patients who started treatment after two

years from MS onset lost 95% of the earnings

sooner with the adjusted HR of 1.19 (95% CI,

1.04–1.37). Additionally, HR for females increased

from 1.03 (95% CI, 0.89–1.20) in crude analysis to

1.22 (95% CI, 1.05–1.42) in the adjusted analysis

and now turned to be significantly associated with

the outcome. All other covariates retained the

Table 1. Clinical and demographic characteristics of the study population in the analysis of earnings.

Patients’ characteristics All patients

Time to treatment

p-value�2 years >2 years

Number of patients 3610 (100%) 2133 (59%) 1477 (41%) –

Sex: 0.7a

Males 1073 (30%) 628 (29%) 445 (30%)

Females 2537 (70%) 1505 (71%) 1032 (70%)

Age at MS onset (mean (SD)) 32.6 (9.7) 34.1 (9.8) 30.4 (9.2) <0.001b

Age at treatment initiation (mean (SD)) 37.5 (10.2) 35.1 (9.8) 41.0 (9.9) <0.001b

Baseline EDSS (median (IQR)) 1.5 (1.5) 1.5 (1.5) 2 (2) <0.001c

Education: 0.2a

Higher 1585 (44%) 915 (43%) 670 (45%)

Secondary 1730 (48%) 1049 (49%) 681 (46%)

Lower 295 (8%) 196 (8%) 126 (9%)

Family situation: <0.001a

Married/cohabitant 1914 (53%) 999 (47%) 915 (62%)

Single 1696 (47%) 1134 (53%) 562 (38%)

Country of birth: 0.7a

EU and Norway 3423 (95%) 2020 (95%) 1403 (95%)

Other 187 (5%) 113 (5%) 74 (5%)

Type of living area: 0.5a

Larger cities 1,643 (46%) 966 (45%) 677 (46%)

Medium-sized municipalities 1127 (31%) 683 (32%) 444 (30%)

Smaller municipalities 840 (23%) 484 (23%) 356 (24%)

Number of patients who reached the outcome 849 (24%) 435 (20%) 414 (28%) <0.001a

p-value: for comparisons between two time to treatment groups (�2 years vs. >2 years); SD: standard deviation; IQR:

interquartile range; EDSS: Expanded Disability Status Scale; EU: the European Union.
aChi-square test.
bOne-way ANOVA.
cKruskal-Wallis test.
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significance level and directionality (type of living

area remained insignificant).

Analysis of benefits

For this analysis we used another outcome – sum of

the five available social benefits. The number of

patients included in this analysis was 2975. The

median follow-up time was four years (the interquar-

tile range: 2 to 6). The baseline demographic and

clinical characteristics of the patients were similar

to those already reported for the above analysis

(Supplementary Table 2), and the structure of the

constituting benefits sources was similar to those

previously reported,16,17 with a greater part (82%)

of the total annual benefits comprised from disability

pension and sickness absence.

The univariate Cox regression analysis showed

that delay of treatment initiation increased the risk

to receive benefits by 42% (HR, 1.42; 95% CI,

1.23–1.65). It also showed that lower educational

level, living in a smaller municipality, being

born outside the EU countries, and higher baseline

disability, but not sex, family situation or MS onset

age were associated with the outcome

(Supplementary Table 3).

The higher risk to receive benefits within the

delayed treatment group remained statistically sig-

nificant after adjusting for the covariates (Table 3).

Thus, MS patients who started treatment after two

years from MS onset received the amount of SEK

100,000 benefits sooner (HR, 1.23; 95% CI, 1.05–

1.43). Additionally, HR for females increased from

1.16 (95% CI, 0.98–1.37) in crude analysis to 1.24

(95% CI, 1.05–1.47) in the adjusted analysis and

now turned to be significantly associated with the

outcome. All other covariates retained at similar sig-

nificance level and directionality (MS onset age and

family situation remained insignificant).

Table 2. Adjusted hazard ratios to lose earnings.

Covariate HR SE p 95% CI

Time to treatment:

�2 years Ref.

>2 years 1.19 0.09 0.015 1.04 1.37

Sex:

Males Ref.

Females 1.22 0.09 0.008 1.05 1.42

Age at onset:

<50 years Ref.

�50 years 1.74 0.22 <0.001 1.36 2.23

Education:

Higher Ref.

Secondary 1.95 0.16 <0.001 1.67 2.28

Lower 2.79 0.31 <0.001 2.24 3.48

Family situation:

Married/cohabitant Ref.

Single 1.36 0.09 <0.001 1.18 1.56

Country of birth:

EU and Norway Ref.

Other 1.88 0.25 <0.001 1.44 2.45

Type of living area:

Larger cities Ref.

Medium-sized municipalities 0.97 0.08 0.73 0.83 1.14

Smaller municipalities 1.08 0.09 0.38 0.91 1.28

Baseline EDSS:

0–1.5 Ref.

2–4.5 1.68 0.13 <0.001 1.44 1.95

�5 4.33 0.50 <0.001 3.45 5.42

HR: hazard ratio; SE: standard error; CI: confidence intervals; Ref.: reference; EU: the European Union; EDSS:

Expanded Disability Status Scale.
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Figure 1. A survivor function plotted for the two treatment groups after fitting a Cox model and adjusting for the covariates.

Table 3. Adjusted hazard ratios to receive benefits.

Covariate HR SE p 95% CI

Time to treatment:

�2 years Ref.

>2 years 1.23 0.10 0.01 1.05 1.43

Sex:

Males Ref.

Females 1.24 0.11 0.01 1.05 1.47

Age at onset:

<50 years Ref.

�50 years 1.12 0.19 0.5 0.80 1.57

Education:

Higher Ref.

Secondary 1.28 0.11 0.003 1.09 1.51

Lower 1.63 0.20 <0.001 1.29 2.07

Family situation:

Married/cohabitant Ref.

Single 1.01 0.19 0.85 0.87 1.18

Country of birth:

EU and Norway Ref.

Other 1.50 0.21 0.003 1.14 1.98

Type of living area:

Larger cities Ref.

Medium-sized municipalities 1.32 0.11 0.001 1.11 1.56

Smaller municipalities 1.31 0.13 0.007 1.07 1.59

Baseline EDSS:

0–1.5 Ref.

2–4.5 1.98 0.16 <0.001 1.69 2.32

�5 4.64 0.63 <0.001 3.56 6.04

HR: hazard ratio; SE: standard error; CI: confidence interval; Ref.: reference; EU: the European Union; EDSS: Expanded Disability Status Scale.
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Subgroup and sensitivity analyses

As our treatment groups were categorized by time to

treatment arbitrarily, we additionally investigated

alternative categorizations of this time period. E.g.,

time to treatment within one year, one to three years,

and more than three years (i.e., three categories, also

used by us previously6) yielded a similar HR of 1.22

(95% CI, 1.05–1.42) to lose earnings and HR of 1.26

(95% CI, 1.07–1.48) to receive benefits within the

delayed treatment group (>3 years) when compared

to the early treatment group (within one year);

whereas the middle group (one to three years) did

not differ (in both earnings and benefits analyses), in

fact justifying our main analysis approach to col-

lapse this group. Further categorization into four

groups (0–6, 7–12, 13–36, and 36þ months) also

showed that the most delayed treatment group

(36þ months) had a significantly higher risk to

reach the outcomes – HR was 1.23 (95% CI,

1.02–1.48) to lose earnings and HR of 1.30 (95%
CI, 1.08–1.58) to receive benefits. Furthermore, a

model with uncategorized time to treatment as

continuous variable (in years) showed the HRs of

1.02 (95% CI, 1.01–1.03, p< 0.001) in both earn-

ings and benefits analyses, meaning that each year of

treatment delay increased the risk of the outcomes

by 2%.

Similarly, we conducted additional analyses examin-

ing alternative levels of earnings decrease, e.g., 70%,

80%, 90%, and 100% that yielded similar HRs

of 1.13 (95% CI, 1.00 – 1.28), 1.17 (1.03–1.33),

1.20 (1.05–1.37), 1.29 (1.11–1.50), respectively.

One can notice an increasing tendency of the hazard

together with the increasing level of lost earnings,

thus the lower levels (e.g., 10%, 20%, 30%) were

not significantly associated with the outcome – which

is not surprising, given the fluctuating nature of the

income. Analyses with the alternative levels of the

benefits received also confirmed the main results,

e.g., HRs were 1.22 (95% CI, 1.04–1.42) and 1.22

(95% CI, 1.05–1.41) to receive annual benefits of

SEK 10,000 and SEK 50,000, respectively.

To support our findings, we additionally applied pro-

pensity score analysis. The adjusted for propensity

score HRs within the delayed treatment group were

1.17 (95% CI, 1.02–1.34) and 1.23 (95% CI, 1.06–

1.43) for loosing earnings and receiving benefits

respectively – in line with our main results.

To appreciate the complexity of the clinical course

of MS and our chosen outcomes, which both require

relatively long time horizon for the analysis, as well

as to give enough time to ascertain the correct cate-

gorization of the treatment groups (i.e. avoid the

untreated patients to become delayed treatment

group at some time point), we additionally analyzed

the subgroup of the patients with the longest follow-

up (at least 6 years), which resulted in significantly

higher risk to lose earnings within the delayed treat-

ment group (HR, 1.67; 95% CI, 1.17–2.45), but not

the risk to receive the benefits (HR, 1.34; 95% CI,

0.86–2 .07). Interestingly, in these analyses sex was

not significantly associated with the outcomes (HRs

1.03 and 1.14; p> 0.5; for earnings and benefits,

respectively).

Discussion

In this register-based cohort study we investigated

how early or delayed treatment initiation was asso-

ciated with the income of MS patients. We found

that patients initiating treatment later had a higher

risk of reaching the unfavorable outcome, e.g., those

who started treatment after 2 years from MS onset

lost 95% of their earnings sooner with the adjusted

HR of 1.19 (95% CI, 1.04–1.37). Furthermore, risk

to receive a certain amount of income from the

social benefits (e.g., sickness absence, disability pen-

sion) was higher for the delayed treatment group

(e.g., the adjusted HR to reach an annual compensa-

tion of SEK 100,000 (�EUR 10,500) for those who

started treatment later was 1.23 (95% CI, 1.05–

1.43)).

To our knowledge, this is the first study to investi-

gate the initiation of treatment in the context of

income of MS patients. Our results are in line with

a study confirming the benefits of early treatment

with regards to the risk of disability pension – MS

patients initiating treatment early had a 36% lower

risk of full-time disability pension.18 It is also in line

with our recent study, highlighting a sharp increase

of net days of sickness absence and disability pen-

sion over time in the period around diagnosis.12

Some other studies19,20 also indicated a much

lower income among MS patients when compared

to the general population; and a study in Denmark

showed that the probability of remaining without

early retirement at 5 years decreased by 30% in

MS patients.21

Besides investigating the benefits of early treatment

initiation, we could also illustrate the impact of other

factors, particularly sex. The role of sex in the epi-

demiology of MS is an obvious topic given the

higher risk of MS among females,22 and studies

often find males to be associated with a less

Multiple Sclerosis Journal—Experimental, Translational and Clinical
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favorable outcome in terms of progression to disabil-

ity landmarks.23 In contrast, we show that female sex

was associated with less favorable outcome (i.e.,

22% higher risk to lose earnings), however, this is

not surprising given the socioeconomic nature of our

outcomes, as in general female sex is associated with

lower salaries. Interestingly, sex was not a signifi-

cant factor in both crude analyses of earnings and

benefits but turned to be significant after adjusting

for other covariates. Also, a similar phenomenon

was noticed in a subgroup analysis of the patients

with the longest follow-up time (sex was not signif-

icantly associated with the outcomes). Previously,

we also saw such a varying significance in the con-

text of physical disability outcomes – males had a

higher risk for progression, but only for the long-

term disability milestones, such as EDSS 6 (and

not, e.g., EDSS 4).6 Clearly, these aspects could be

well investigated further for a more definitive

answer.

Such factors as female sex, lower educational level,

being born outside Sweden, or living in smaller

municipalities were also shown to be associated

with a higher risk for disability pension24,25 and

lower risk to receive earnings, as well as lower

levels of earnings.16 Notably, these factors also

bore higher risk estimates than our main exposure

variable, however, when it comes to a risk modifi-

cation and disease management in clinical practice,

treatment is usually among the most important

interventions.

One could also hypothesize that the impact of vari-

ous factors on the risk to lose earnings and receive

benefits is similar, or at least works in the same

direction. In our study this was true for time to treat-

ment, sex, education, country of birth, and baseline

disability. However, age at onset and family situa-

tion, though being in the same directionality, were

not significant for the benefits, while, interestingly,

the type of living area was. This could be explained

by the fact that generally individuals’ earnings

depend on a variety of different factors, like age,

education, labor market experience, etc., but also

such seemingly irrelevant personal characteristics,

like beauty, height, obesity.26 Apparently, the

social security system is more fair, as such factors

like onset age or family situation did not play a sig-

nificant role for the risk to receive benefits.

The strengths of our study include a large sample

and the population-based register approach, linking

microdata from two databases, enabling use of

sociodemographic and clinical data of high quali-

ty.27 Undoubtedly, an important advantage of this

study is the possibility to adjust the estimates of

MS patients� income for a number of sociodemo-

graphic variables, like age, sex, educational level,

family situation, type of living area, country of

birth, as well as for important clinical data, like

EDSS and MS onset age. A given limitation of this

study is a lack of information about other factors,

both environmental and genetic, possibly associated

with the clinical course and outcomes of the disease

(e.g., smoking, pregnancy), which we could not

address in this study. Also, information about the

clinical onset of MS is collected retrospectively,

and thus might be subjected to recall bias. Finally,

the observational nature of our data and study design

also limits the implications, as it is not possible to

infer the causality for the identified associations.

However, besides exploring the novel outcomes to

study disease progression, our study also includes

several additional analyses to ascertain our findings,

including different categorization of the outcomes

and the main exposure (i.e., time to treatment), and

a subgroup analysis of the longest surviving patients

– that are all in line with the main results. As the

patients in our treatment groups have several differ-

ences in the baseline characteristics, we also applied

a propensity score analysis, which is suggested as a

proper tool to mitigate selection bias – one of the

main limitation in observational studies – of course,

to a limit of the measured confounders.28 The latter

model also supported our findings. However, confir-

mation in future studies is important, including study

designs allowing stratification between first- and

second-line treatments.

An underlying purpose of the study was also to illus-

trate how income, as an outcome, can be used to

study clinical progression of MS. In a number of

studies we have already shown how income highly

correlates with physical disability and reflects the

clinical course, e.g., increasing disability was asso-

ciated with higher chance to receive social benefits

and with lower chance to have earnings;16 primary

and secondary progressive MS patients were similar

from the perspective of patients�income and sickness

absence/disability pension, while relapsing remitting

MS patients proved to have much higher earnings,

less benefits, and lower levels of sickness absence

and disability pension than the two other groups.29,30

Moreover, lower cognitive function affects the

financial situation of MS patients negatively and

independently of physical disability.31 In contrast

to clinical scores such as EDSS, which are collected

Kavaliunas et al.
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irregularly in the real world setting, socioeconomic

data, when available as in Sweden, offer measures

with no data loss, i.e., for all periods for all patients.

Besides overcoming the ever-present challenge with

missing data in observational studies, income data

can encompass other aspects of the disease, such as

fatigue and cognition, not captured by physical dis-

ability. In conclusion, we confirm the benefits of

early treatment initiation in the socioeconomic con-

text using the novel and unbiased outcome, also sup-

port the idea that it can serve as a precise outcome

measure and can be used as a proxy parameter of

disability.
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