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Abstract

Background and purpose: Understanding predictors of changes in employment status
among people living with multiple sclerosis (MS) can assist health care providers to de-
velop appropriate work retention/rehabilitation programs. We aimed to model longitu-
dinal transitions of employment status in MS and estimate the probabilities of retaining
employment status or losing or gaining employment over time in individuals with a first
clinical diagnosis of central nervous system demyelination (FCD).

Methods: This prospective cohort study comprised adults (aged 18-59 years) diagnosed
with FCD (n=237) who were followed for more than 11years. At each review, partici-
pants were assigned to one of three states: unemployed, part-time, or full-time employed.
A Markov multistate model was used to examine the rate of state-to-state transitions.
Results: At the time of FCD, participants with full-time employment had an 89% chance of
being in the same state over a 1-year period, but this decreased to 42% over the 10-year
follow-up period. For unemployed participants, there was a 92% likelihood of remaining
unemployed after 1 year, but this probability decreased to 53% over 10years. Females,
those who progressed to clinically definite MS, those with a higher relapse count, and
those with a greater level of disability were at increased risk of transitioning to a deterio-
rated employment state. In addition, those who experienced clinically significant fatigue
over the follow-up period were less likely to gain employment after being unemployed.
Conclusions: In our FCD cohort, we found a considerable rate of employment transition
during the early years post-diagnosis. Over more than a decade of follow-up post-FCD,
we found that females and individuals with a greater disability and a higher relapse count

are at higher risk of losing employment.
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INTRODUCTION and fatigue symptoms, and number of relapses at each transition). To

Multiple sclerosis (MS) is a complex, chronic, inflammatory and neu-
rodegenerative disease of the central nervous system (CNS) [1]. MS
typically has its onset during young adulthood when most people
are actively engaged in the workforce [2]. Chronic diseases like MS,
even when in an episodic phase, can affect employment outcomes
and induce changes in employment status [3]. People living with MS
(PwMS) report negative employment outcomes, including greater
work difficulties than the general population [4]. A study conducted
among 525 Australians of working age living with MS showed that
50% of the respondents missed out on work opportunities due to
their health condition and 20% reported that their employment
was terminated after disclosure of diagnosis [5]. Additionally, a
large cross-sectional study demonstrated that MS-related early re-
tirement ranged from 33% to 45% across nine European countries
(n=13,186) [6].

Work transitions across roles and organizations are a common
feature in modern employment [3]. Therefore, employment status is
dynamic and may involve leaving and re-entering the workforce [7, 8].
Many factors including individual, situational, environmental, orga-
nizational, or socioeconomic factors can motivate a career transition
[8, 9]. A diagnosis of chronic illness can affect the course of a ca-
reer and motivate work transitions at multiple levels [3]. A global MS
employment survey of over 12,000 people in 93 countries reported
that 43% of PwMS who were unemployed had stopped working
within 3years of MS onset. This figure reached 70% 10years after
MS diagnosis [10]. Similarly, a large Swedish population-based study
(n=10,137) found that PWMS had lower average levels of earnings
than a reference group without MS 1 year before a formal diagnosis,
and at up to 5years post-diagnosis [11], demonstrating that the ef-
fects of MS on employment occur early in the disease course.

Most of the previous work assessing longitudinal changes in
employment among PwMS has focused on the proportion of the
study cohort that is employed or unemployed at two assessment
time points [7, 12-15]. Although these studies successfully highlight
the substantial impacts of MS on employment outcomes, they were
not able to fully reflect the heterogeneity of employment trajecto-
ries among PwMS [8, 16, 17]. Notably, in our previous work from
the Ausimmune Longitudinal (AusLong) study cohort, we examined
trajectories of employment status using group-based trajectory
modelling (GBTM) that allowed us to define the heterogeneity of
employment status, work hours, and disability support pension up-
take. We were able to show that baseline characteristics (such as sex,
number of comorbidities, and having children) and early MS disease
factors, including higher disability level and every additional relapse,
significantly predicted being in specific trajectories [8]. However,
the GBTM methodology does not adequately analyze the effect of
time-varying covariates (level of disability, severity of mental health

better understand employment transitions among PwMS, employ-
ment outcomes should not be restricted to a dichotomous variable
such as employed versus unemployed [18]. An alternative is to model
employment transitions, allowing people to transition up (from un-
employment to part-time or full-time employment, and from part-
time to full-time employment) and down (from full-time employment
to part-time or unemployment and from part-time employment to
unemployment). This can be assessed using a multistate Markov
model (MSM). This method was primarily proposed to describe the
natural history of MS [19]and further applied in cost-effectiveness
analyses of therapeutic options in MS [20].The advantage of this
method is that it examines individual-level data. In addition, MSM
is appropriate when the process involves transition between sev-
eral well-defined distinct states [21]. Importantly, this allows us to
quantify the impact of MS-related factors over time as it examines
the factors associated with each transition irrespective of the time
of the transition.

In the present study, we use an MSM to address the following
research aims:

1. Examine the employment transition probabilities among a cohort
of individuals with early-onset MS who were prospectively fol-
lowed for more than a decade after the first clinical diagnosis
of CNS demyelination (FCD).

2. ldentify predictors of employment transitions.

3. Model employment transitions over a 20-year period and exam-

ine the impact of key predictive factors.

PATIENTS AND METHODS
Study population

We used data from the AusLong study, a continuation of the
Ausimmune study. The Ausimmune study was a case-control study
that examined the role of environmental factors on the risk of FCD
among participants aged 18-5%9years from four Australian regions
(Brisbane, Newcastle, Geelong and Western Victoria, and Tasmania)
recruited between 2003 and 2006. Since 2007, the AusLong study
has prospectively followed 279 FCD cases (10-year retention: 85%)
to investigate factors associated with disease progression. Annual
follow-up has been done by nurse-led computer-assisted telephone
interviews (CATI), where data on changes in sociodemographic and
lifestyle factors over the previous 12months were collected. Face-
to-face reviews were conducted at baseline, 2-3years, 5years, and
10years post-FCD, at which participants underwent a detailed neuro-
logical assessment by a study neurologist, including disease status, re-
lapse, and disability level assessment according to established criteria.
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The AusLong study was approved by the Tasmanian Health and
Medical Human Research Ethics Committee and by local partici-
pating research ethics committees. The study follows the ethical
guidelines for human research derived from the 1964 Declaration of
Helsinki. All participants provided written informed consent prior to
taking part in this study.

Outcome measures

At each CATI (annual) and face-to-face (baseline, 2nd/3rdyear, 5th
year, and 10th year) interview, participants reported their employ-
ment status using the same questions. Participants were included
in the study if they had at least two observations for employment
status. Employment status was ascertained using a multiple-choice
question: “Which of the following best describes your current em-
ployment status?”. The answer options were: unemployed; home du-
ties; part-time work/self-employed; full-time work/self-employed,;
student; sole parent pension; disability support pension; and retired.
A participant was classified as employed if they were engaged in ei-
ther part-time or full-time employment, with all others classified as
unemployed. To further ensure the work pattern, a follow-up ques-
tion was asked “Which of the following patterns do you work?”. The
answer options were: regular working hours full-time/part time;

shift work full-time/part-time; and casual work full-time/part-time.

Covariates

Baseline demographic and clinical variables identified through ques-
tionnaires/interviews included: sex, education level at the time of
FCD (primary, secondary, Year 12/Higher secondary, technical, and
further education [TAFE/Trade/Apprentice], university education),
age at FCD, and having at least one child (yes/no). Comorbidities
were assessed using the multiple-choice question “Have you had any
other illness or medical condition?” (yes/no), together with whether
the comorbidity was doctor-diagnosed (yes/no/do not know).
Comorbid conditions were classified as specified in the International
Statistical Classification of Diseases and Related Health Problems,
Tenth Edition (ICD-10) (Table S1). Baseline comorbidity was catego-
rized as 0, 1-2 comorbidities, or 23 comorbidities. Due to our sample
size and the limited number of reported comorbidities at baseline,
we were unable to examine the effects of individual comorbidities
due to limited power.

We assessed the following clinical characteristics annually
during follow-up: conversion to clinically definite MS (CDMS) (yes/
no) based on the McDonald Criteria 2010 [22] and 2017 [23]; num-
ber of relapses since previous review; disability (Expanded Disability
Status Scale (EDSS) score); and exposure to disease-modifying ther-
apies (DMT) (yes/no). For those who converted to CDMS and were
prescribed DMT, the DMT proportion was defined as the proportion
of time being on any DMT since last review. The severity of anxiety
and depression symptoms were assessed using the Hospital Anxiety

and Depression Scale (HADS). The seven-item scores for each scale
are summed to give the final anxiety (HADS-A) and depression
(HADS-D) scores [24]. Consistent with the literature, a cut-off point
of 8 in each subscale was used to define clinically significant anxiety
or depression [25]. To quantify the level of fatigue in the sample, the
Fatigue Severity Scale (FSS), which is a nine-item seven-point scale
(from 1=strongly disagree to 7 =strongly agree), was utilized. An av-
erage score of 24.0 across the nine statements indicates a clinically

significant level of fatigue [26].

Statistical analyses

Participant characteristics were summarized with means and stand-
ard deviations (SD) for normally distributed continuous variables,
and medians and interquartile ranges (IQR) for skewed continuous
variables. Categorical characteristics were described with frequen-
cies and percentages.

MSM was used to handle the recurrent employment states and
the transitions between these states [21]. MSM are appropriate
when the process involves individual-level longitudinal data and
transitions between several well-defined distinct states. MSM are
multilevel, discrete-time, event history models that can be used
when survival time is measured in discrete values (e.g., years to
disease onset) [27]. MSM use a discrete version of the hazard
function [28].

A three-state transition model including unemployed, part-
time employment, and full-time employment was considered in our
analysis (Figure 1). First, the impact of each covariate was exam-
ined individually using a univariable transition model, establishing
significant effects with a p<0.05. Subsequently, models were con-
structed incorporating two covariates focusing only on their effects
on transition steps that were found to be statistically significant.
We allowed for additive and interaction effects on those specific
transition steps that were affected by the covariates [29]. This pro-
cedure was repeated to assess for three, four, and five, etc. covari-
ate models, respectively, while maintaining a significance level of
p<0.05 for all transition steps. Finally, the “Irtest.msm” function in

the ‘msm’ package was employed to compare one versus two versus
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FIGURE 1 Employment transition states (box) and steps (arrow)
in the AusLong cohort.
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three versus four covariate models, etc. [27]. A global level of signif-
icance p<0.05 was used to determine the best employment transi-
tion model. Additionally, age was included as an a priori confounder.
Based on our previous study that showed a statistically significant
interaction between having children and sex on employment out-
comes, we also included an interaction between having children at
FCD and sex on the transition intensities. Hazard ratios (HR) and
95% confidence intervals (Cl) were computed. Predicted transition
probabilities were estimated up to 20years employment transitions
for different covariate characteristics. Specifically, we compared
predicted transition probabilities for average age of 38years, sex,
progression to MS status, education level, and total number of co-
morbidities. All statistical analyses were conducted in R V.4.0.2

using the ‘msm’ package [27].

Sensitivity analyses

We conducted sensitivity analyses to ascertain the generalizability
of our findings. We performed transitional probability models within
the sample for only those individuals who progressed to CDMS. In
addition, considering retirement as an absorbing state, we ran the
models with four distinct states.

RESULTS

Of 279 participants at baseline, 237 (84.9%) had at least two ob-
servations and were included in this study. Participant characteris-
tics (n=237) are summarized in Table 1. Of the study participants,
68.3% (n=162) progressed to CDMS at 5years and 83.5% (n=198)
at 10years post-FCD. Fourteen participants (5.9%) had progressive-
onset MS.

Aim 1: Employment transition probabilities

The total number of observed employment states at each review in
the AusLong cohort (n=237) over the 10-year follow-up period is
reported in Table 2. Table 3 provides the frequencies of pairs of con-
secutive observed states for employment status (maintenance and
transitions) over the 10-year follow-up period. We counted the num-
ber of times participants remained in the same state of employment
or moved to another state. Across the whole dataset (all participants
over the 10-year follow-up), there were 2028 recorded observa-
tions, of which 495 (24.4%) observations of participants remaining
unemployed from one assessment to the next. Notably, the most
common state was remaining in full-time employment, for which
there were 665 (32.8%) observations.

Table 4 presents the estimated transitional probabilities be-
tween each employment status over a 1-year, 5-year, and 10-year
period post-FCD, and also shows the probability of staying in a par-
ticular employment state. We found that a participant in full-time

TABLE 1 Demographic and clinical characteristics of AusLong
participants at baseline and during follow-up included in the
analyses (N=237).

Variable Sample (N=237)
Female sex, n (%) 184 (77.6)
Age at FCD (years), mean (SD) 37.8(9.4)
Education level at FCD, n (%)

Up to Higher secondary/Year 12 105 (44.3)

TAFE/Trade/Apprentice 71 (30.0)

University 61(25.7)
Have 21 child at FCD,? n (%) 156 (66.7)
Comorbidities at FCD, n (%)

0 93(39.2)

1-2 115 (48.6)

23 29 (12.2)
CDMS by 10-year review, n (%) 198 (83.5)
Average years from FCD to CDMS, median 0.9 (0.3-2.5)

(IQR)
Exposure to DMT, n (%) 157 (66.2)
Follow-up duration from FCD, mean (SD) 11.4 (2.3)
Number of relapses since previous review, 1(1-2)
median (IQR)
10-year

Employment-related Baseline review?
characteristics (N=237) (N=224)
Employment status, n (%)

Unemployed 56 (23.6) 75 (33.5)

Part-time employment 67 (28.3) 79 (35.3)

Full-time employment 114 (48.1) 70(31.2)

Abbreviations: CDMS, clinically definite multiple sclerosis; DMT,
disease-modifying treatment; FCD, first clinical diagnosis of central
nervous system demyelination; IQR, interquartile range; SD, standard
deviation; TAFE, technical and further education.

?Data for three participants were missing.

employment at FCD had an 89.0% chance of being in the same state
at the 1-year follow-up. This decreased to 59.8% and 42.4% at the
5-year and 10-year follow-ups, respectively. Similar trends were
observed for individuals who worked part-time. In contrast, a par-
ticipant who was unemployed at FCD was found to have a 92.0%
chance of remaining unemployed at the 1-year follow-up, though
this probability decreased to 68.9% and 53.2% at the 5-year and 10-
year follow-ups, respectively.

In terms of employment transitions, we found that the chances
of participants with full-time employment status at FCD transi-
tioning to part-time employment increased markedly over the fol-
low-up period. At the 1-year follow-up, there was a 7.6% chance
that they would transition to part-time employment. This increased
to 25.6% and 33.7% at the 5-year and 10-year follow-ups, respec-
tively. Conversely, participants who were working part-time at FCD
were found to have fairly similar probability of moving to either
full-time employment or unemployment at the end of the 1-year
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TABLE 2 Number of observed employment transition states over the follow-up period.

Review, year Y1 Y2 Y3 Y4

Y5 Yé Y7 Y8 Y9 Y10

Observed, n 235 234 235 236

236 230 224 214 206 224

TABLE 3 Observations of employment status maintenance
(having the same employment status) and transition (changing
employment status) between annual follow-up assessments among
people living with multiple sclerosis in the AusLong cohort (N=237)
over a 10-year period.

Employment  Employment status at next review

status at

the index

review, n (%) Unemployed Part-time Full-time
Unemployed 495 (24.4) 41 (2.0) 12 (0.6)
Part-time 48 (2.4) 599 (29.5) 58(2.9)
Full-time 32(1.6) 78 (3.8) 665 (32.8)

(unemployment: 5.4%; full-time employment: 6.4%), 5-year (unem-
ployment: 19.8%; full-time employment: 20.8%), and 10-year (un-
employment: 28.5%; full-time employment: 26.6%) follow-ups. We
also found that unemployed participants had a higher probability of
moving to a part-time employment state compared to full-time at the
1-year (6.1% vs. 2.0%), 5-year (21.5% vs. 9.5%), and 10-year (30.1%
vs. 16.7%) follow-ups.

Aim 2: Factors that are predictive of employment
transitions

Table 5 presents the results of univariable MSM models evaluating
the effect of baseline covariates (sex, educational level, having chil-
dren, and number of comorbidities at FCD) and time-varying covari-
ates (age, progression to CDMS, disability level [measured by EDSS],
relapse count, having clinically significant fatigue, depression, and
anxiety) on the HR of transition between employment states over
the follow-up period. The interaction model including sex and having
children at FCD was found to be significant in transitions between
part-time to both unemployed and full-time states and thus the in-
teraction term was included in the final multivariable model. This did
not change by adjusting for confounding in the multivariable regres-
sion model (Table S2).

Predictors of reduced employment or
losing employment

The multivariable MSM (Table 6) demonstrates that females were 2.7
times as likely to transition from full-time to part-time employment
compared to males. For every additional EDSS point accrued dur-
ing follow-up, the hazard of moving to a deteriorated employment
state (part-time or unemployed) increased by 17%-57%. Similarly,
every additional relapse was associated with a 11% greater risk of

moving from part-time employment to unemployment. Further, pro-
gression to CDMS was associated with a 4 times higher risk of mov-
ing from full-time employment to unemployment (HR=4.03; 95%
Cl=1.35-12.05).

Predictors of increased employment or
gaining employment

The multivariable MSM (Table 6) demonstrates that having a univer-
sity education was strongly associated with a 2 to 6 times greater
likelihood of gaining employment (to part-time and full-time em-
ployment, respectively) following unemployment. None of the MS-
related factors were found to be a significant predictor of gaining
employment in our cohort. However, experiencing clinically signifi-
cant fatigue during follow-up was associated with an 82% decreased
risk of gaining full-time employment (HR=0.18; 95% Cl=0.05-0.69).

In a univariable model, the subset of the AusLong cohort who
progressed to CDMS, having used a DMT for 290% of time since the
last review, was a significant predictor for transition from part-time
to full-time employment (HR=2.03; 95% Cl=1.75-3.83). However,
this association did not remain significant in the multivariable model
(HR=1.72; 95% Cl=0.85-3.47).

Aim 3: Model of employment transitions

Using the final fitted model, Figure 2 shows the predicted employ-
ment transitions over a 20-year period post-FCD for an individual at
an average age at FCD (38years old) based on sex and progression
to CDMS. In terms of employment loss, the probability of moving to
unemployment increased with increasing disease duration. In con-
trast, the probability of gaining full-time employment only increased
in the first few years following FCD and then gradually decreased.
The probability of losing employment was constantly higher in fe-
males and those who progressed to CDMS compared to males and
those who did not progress to CDMS at each time point (Figure 2).
The predicted model of employment transitions based on educa-
tion level and number of comorbidities at baseline are presented in
Figures S1 and S2.

Sensitivity analyses

Excluding individuals who remained as FCD and did not progress
to CDMS did not materially change the estimates for the predic-
tors of employment transitions except for having more than three
comorbidities at baseline, which were associated with a 2.7 to 4.5
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TABLE 4 Estimated 1-year, 5-year, and 10-year transition probabilities (95% Cls) within and to each employment state among people living with multiple sclerosis in the AusLong cohort

(N

=237).

Estimated 5-year transition probabilities, % (95% ClI) Estimated 10-year transition probabilities, % (95% ClI)

Estimated 1-year transition probabilities, % (95% Cl)

Full-time

Part-time

Full-time Unemployed

Part-time

Full-time Unemployed

Part-time

Employment status at FCD Unemployed

6.1(4.5-8.1) 2.0(1.2-3.4) 68.9 (61.7-74.7)  21.5(16.7-27.6)  9.5(7.0-13.9) 53.2 (44.3-61.0) 30.1(24.3-36.8) 16.7(12.9-22.3)
6.4 (5.0-8.1) 26.6(21.5-32.3)

92.0 (89.4-93.8)

=56)

Unemployed (n

44.9 (38.8-50.9)

20.8(17.0-25.4)

59.4 (54.0-65.1)

88.2(85.9-90.1)

67)
114)

Part-time (n

42.4 (36.0-49.1)

59.8 (54.0-64.9)

89.0 (86.6-90.7)

Full-time (n

Abbreviations: Cl, confidence interval; FCD, first clinical diagnosis of central nervous system demyelination.

times increased risk of moving to unemployed state from full-time
and part-time employment, respectively (Table S3 and Figure S2).
Furthermore, as regards having a retired state as the fourth state,
we were not able to conduct sensitivity analysis for the predictors
of employment transitions due to limited sample size in the retired
state (Table S4).

DISCUSSION

In this study we have described the rate of employment transitions
in a cohort of individuals with a first clinical diagnosis of CNS demy-
elination over a decade in Australia. We utilized a novel approach,
multistate Markov models, to estimate the short- and long-term
employment transition probabilities in our cohort. Our study con-
firmed several demographic factors (including sex and education
level) that are known to be predictive of employment transitions.
Our study also extended previous findings by identifying significant
time-dependent patterns in the predictive strength of clinical and
MS-specific factors (including progression to CDMS, disability level,
number of relapses, and fatigue) related to employment transitions
among PwMS. Specifically, differentiating between predictors of
losing and gaining employment, and assessing the degree to which
these predictors impact employment transition in a time-dependent
manner, provides significant insights into the effect of a first demy-
elinating event and early MS on employment outcomes.

The AusLong cohort provides a unique opportunity to assess
employment transitions in the first decade after an episode of CNS
demyelination. As 83.5% of the AuslLong cohort progressed to
CDMS by the 10-year review, our analysis presents findings that are
of importance to the MS community. We found that the probability
of transition from unemployment or full-time employment to part-
time employment increased from 6.1%-7.6% at the 1-year review
to 30.1%-33.7% at the 10-year review, highlighting the fact that
PwMS are more likely to work part-time as MS progresses [8, 12-14].
Furthermore, over the follow-up period, the probability of becoming
unemployed for part-time (1-year: 5.4%; 10-year: 28.5%) and full-
time (1-year: 3.4%; 10-year: 23.9%) employment states consistently
increased. This is in line with the findings of previous prospective
studies which reported increased probability of unemployment after
onset of MS [8, 14, 30]. It is noteworthy that previous studies used
different outcomes at different time points which made it difficult to
compare our findings.

We found several demographic and clinical factors that predicted
subsequent employment transitions in the study cohort, particularly
sex and education level. We found that females had an increased
risk of transitioning from full-time to part-time employment. This is
consistent with our previous work in this cohort, which shows that
females were at increased risk of being employed part-time com-
pared to males [8]. We also found that having a university degree
was associated with a greater chance of re-entering part-time and
full-time employment following unemployment. The current find-
ing may relate to university education and having a higher chance

85U801 SUOWILLOD BATE8.D 3(edldde aup Aq pausenob ae Sspole YO ‘8sN JO S3INJ o} A%eiq1 78Ul UO A8]IM UO (SUOIPUOD-pUe-SWB) WD A8 | 1M A1 1 pUl|UO//SdNY) SUORIPUOD pue SWis | 8U1 88S *[£202/0T/9T] Uo AriqiTauliuo AB|IM ‘[10UN0D YoIesssy [eoIpe N PUY UifesH [euoiieN AQ 9T09T 8US/TTTT OT/I0p/u0o A3 |1mAkeid1jpul|uoy//sdny wolj pepeojumoq ‘0 ‘TEET8IYT



EMPLOYMENT STATUS CHANGES OVER TIME IN MS

TABLE 5 Results from univariable multistate models for losing and gaining employment following a first clinical diagnosis of central CNS

demyelination in the AusLong cohort (N=237).

Decreasing or losing employment

Increasing or gaining employment

Unemployed to
part-time

HR (95% Cl)

Unemployed to
full-time

HR (95% Cl)

Part-time to
full-time

HR (95% CI)

Full-time to Full-time to Part-time to
part-time unemployed unemployed
Covariate HR (95% Cl) HR (95% Cl) HR (95% CI)
Age 1.03 (0.96-1.11) 0.99 (0.88-1.11) 1.01(0.92-1.11)
Sex
Male Ref (1.00) Ref (1.00) Ref (1.00)
Female 3.57(1.93-6.61)* 0.95(0.47-1.92) 0.86(0.27-2.77)
Have =1 child at
FCD
No Ref (1.00) Ref (1.00) Ref (1.00)
Yes 0.63(0.40-0.99)* 1.14(0.55-2.35) 0.64(0.36-1.16)
Education level at FCD
High school/ Ref (1.00) Ref (1.00) Ref (1.00)
Year 12
TAFE/Trade/ 0.89 (0.50-1.58) 0.58(0.24-1.39) 1.30(0.66-2.55)
Apprentice
University 1.27(0.76-2.13) 0.64 (0.28-1.50) 0.95(0.47-1.91)

Number of comorbidities at FCD

0 Ref (1.00) Ref (1.00) Ref (1.00)

1-2 0.93(0.58-1.49) 0.65 (0.29-1.46) 1.80(0.93-3.49)

>3 1.03(0.47-2.26) 2.50(1.02-6.12)* 2.42(1.01-5.83)*

Progression to CDMS

No Ref (1.00) Ref (1.00) Ref (1.00)

Yes 1.72(1.03-2.89)* 2.99(1.53-7.77)*  1.29(0.63-2.67)

EDSS increase 1.23(1.05-1.44)* 1.50(1.21-1.86)* 1.23(1.01-1.50)*
per point

Number of 1.04(0.96-1.12) 1.10(1.01-1.21)* 1.10(1.02-1.18)*
relapses

Clinically significant anxiety (HADS Anxiety>8)

No Ref (1.00) Ref (1.00) Ref (1.00)

Yes 0.81(0.39-1.69) 1.32(0.51-3.42) 0.90 (0.40-2.01)
Clinically significant depression (HADS Depressionz8)

No Ref (1.00) Ref (1.00) Ref (1.00)

Yes 1.59 (0.69-3.65) 1.27(0.30-5.31)  0.90(0.28-2.91)
Clinically significant fatigue (FS524)

No Ref (1.00) Ref (1.00) Ref (1.00)

Yes 1.39(0.84-2.32) 1.58(0.73-3.42) 0.87 (0.49-1.55)

0.93(0.84-1.03)

Ref (1.00)
3.69 (0.89-15.28)

Ref (1.00)
0.69 (0.36-1.33)

Ref (1.00)

1.17 (0.57-2.39)

2.27 (1.05-4.91)*

Ref (1.00)
0.73(0.38-1.41)
0.50(0.19-1.34)

Ref (1.00)
0.78 (0.38-1.59)
0.84(0.70-1.03)

1.04 (0.98-1.10)

Ref (1.00)
0.59 (0.25-1.41)

Ref (1.00)
0.48 (0.17-1.36)

Ref (1.00)
0.71 (0.35-1.46)

0.85(0.70-1.04)

Ref (1.00)
2.08(0.27-16.13)

Ref (1.00)
0.45(0.14-1.47)

Ref (1.00)

0.81(0.15-4.43)

6.12(1.73-21.68)*

Ref (1.00)
1.83(0.46-7.32)
2.02(0.41-10.00)

Ref (1.00)
0.35(0.11-1.11)
0.69 (0.46-1.04)

1.05(0.95-1.1¢)

Ref (1.00)
0.69 (0.15-3.15)

Ref (1.00)
0.41 (0.05-3.15)

Ref (1.00)
0.16 (0.05-0.52)*

1.01(0.92-1.10)

Ref (1.00)
0.27 (0.14-0.54)*

Ref (1.00)
0.49 (0.29-0.83)*

Ref (1.00)

0.88(0.46-1.66)

0.88(0.48-1.62)

Ref (1.00)
1.01(0.59-1.74)
0.98 (0.40-2.40)

Ref (1.00)
0.78 (0.44-1.39)
0.89 (0.72-1.10)

1.00(0.90-1.10)

Ref (1.00)
1.52(0.82-2.83)

Ref (1.00)
0.74 (0.23-2.36)

Ref (1.00)
0.85(0.51-1.43)

*Bold type denotes statistical significance (p <0.05).

Abbreviations: CDMS, clinically definite multiple sclerosis; Cl, confidence interval; EDSS, Expanded Disability Status Scale; FCD, first clinical

diagnosis of central nervous system demyelination; FFS, Fatigue Severity Scale; HADS, Hospital Anxiety and Depression Scale; HR, hazard ratio; Ref,

reference; TAFE, technical and further education.

of being successful with job applications. This result also highlights
the protective effects of greater education attainment that have
been documented by previous studies [7, 31, 32]. Conversely, this
may reflect the greater impact of MS on lower skill level employ-
ment (such as manual labor) [4]. Consistent with previous studies,
among the sample who progressed to CDMS, we found that having

>3 comorbidities at MS onset was associated with greater risk of
unemployment [33, 34].

We found that MS-related factors, including disability level,
the number of relapses, and fatigue, were significantly associated
with the risk of losing employment. For every additional EDSS
point accrued during follow-up, the risk of transition from full-time
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TABLE 6 Results from multivariable multistate models for losing and gaining employment following a first clinical diagnosis of CNS
demyelination in the AusLong cohort (N=237).

Decreasing or losing employment

Increasing or gaining employment

Full-time to Full-time to Part-time to Unemployed to Unemployed to Part-time to
part-time unemployed unemployed part-time full-time full-time

Covariate HR (95% CI) HR (95% ClI) HR (95% ClI) HR (95% CI) HR (95% ClI) HR (95% ClI)
Sex

Male Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

Female 2.74 (1.40-5.34)* - - - - 0.46(0.17-1.24)
Have 21 child at FCD

No Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

Yes 0.63(0.38-0.1.04) - - - - 2.27(0.65-7.91)
Education level at FCD

High school/ Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

Year 12
TAFE/Trade/ - - - 1.08 (0.52-2.24) 0.49 (0.05-4.44) -
Apprentice

University - - - 2.35(1.08-5.12)* 6.24(1.74-22.42)* -
Number of comorbidities at FCD

0 Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

1-2 - 0.61(0.26-1.42) 1.86(0.89-3.88) - - -

>3 - 2.48(0.97-6.36) 2.50(0.89-7.00) - - -
Progression to CDMS

No Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

Yes 1.57 (0.85-2.89) 4.03(1.35-12.05)* - - -
EDSS increase per  1.17(0.98-1.42) 1.57 (1.24-1.99)* 1.18(0.92-1.52) - - N

point
Number of - 1.04 (0.93-1.16) 1.11(1.02-1.21)* - - -
relapses

Clinically significant fatigue (FS524)

No Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00) Ref (1.00)

Yes - - - - 0.18 (0.05-0.69)* -

Note: Multivariable models were adjusted for age.
*Bold type denotes statistical significance (p <0.05).

Abbreviations: CDMS, clinically definite multiple sclerosis; Cl, confidence interval: EDSS, Expanded Disability Status Scale; FCD, first clinical
diagnosis of central nervous system demyelination; FFS, Fatigue Severity Scale; HR, hazard ratio; Ref, reference; TAFE, technical and further

education.

employment to unemployment increased by 57%. This agrees with
two recent systematic reviews (Kavaliunas et al., 2022 [35], Gerhard
et al., 2020 [31]) that highlight the considerable effect of physical
disability on economic participation among PwMS. Likewise, every
additional relapse during follow-up was associated with a 4% and
11% increased risk of moving to unemployment from full-time em-
ployment or part-time employment, respectively. Although relapse
is amongst the disease-specific factors suggested to contribute to
employment loss [14], results from previous cohort studies are in-
consistent, with some finding relapse rate a significant predictor of
part-time employment [8] but others not finding an association [12].
The effect of DMT use in this cohort may have significantly reduced
the number of relapses, but the association between relapses and
losing employment despite therapy remained significant. We found

that fatigue was associated with a reduced transition from unem-
ployed to part-time employed. This is in line with previous research
studies where fatigue was identified as a contributor to higher work
impairment [33], diminished job retention [36], employment change
[18], and being unemployed [31].

In our model of the probability of employment transition over a
20-year period in a young adult aged 38years at FCD, we found that
the probability of moving from full-time to part-time employment
increased sharply in the first 5years post-FCD and then gradually
decreased. Similarly, the probability of returning to full-time employ-
ment began to decrease after 5years post-FCD. Females and those
who progressed to CDMS were less likely to return to full-time em-
ployment compared with males and those who remained in the clin-
ically isolated syndrome (CIS) state. This agrees with previous work
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FIGURE 2 Predicted employment transitions over a 20-year period for a participant who is 38 years old at the time of first clinical
diagnosis of central nervous system demyelination based on the fitted final multivariable model by sex and progression to clinically definite

multiple sclerosis.

showing that the median time to becoming unemployed or working
part-time due to MS was approximately 6years [12].

Our study highlights the necessity of identifying risk factors that
may account for early employment loss and suggests introducing early
intervention aimed at addressing employment concerns before the
onset of disease progression. These findings underscore the neces-
sity of evidence-based rehabilitation and employment support pro-
grams at the time of MS diagnosis [37]. The first Cochrane review by
Khan and colleagues in 2009 found inconclusive evidence to support
vocational rehabilitation for PwMS; however, it underlined the impor-
tance of timely interventions to deal with work disability, workplace
accommodation, and enhancing employer's knowledge and attitudes
toward MS disease [38]. Any reasonable adjustment in the workplace
or pattern such as adopting flexible hours, working from home, giving
additional time for completing tasks, and use of equipment/assistive
technological resources particularly in participants with greater dis-
ability and more severe disease course have been reported as com-
mon work accommodations [39]. However, there is still insufficient
evidence about how to design and resource a sustainable vocational
rehabilitation service and the cost-benefit and effectiveness of reha-
bilitation models to support work retention in PwMS considering the

varied social and welfare systems in different countries [40].

Strengths and limitations

A key strength of this study was the collection of comprehen-
sive time-varying clinical factors prospectively from FCD/CIS and
early MS onset over a long-term follow-up period. Further, using
a robust statistical analysis method allowed us to determine the
magnitude of the impact of demographic and clinical factors on
employment transitions. This enabled us to observe a more re-
alistic pattern of employment change and made our estimates
generalizable to cohorts with similar characteristics. Our study
has three key limitations. First, in Australia, the social welfare and
pension structure, and the National Disability Insurance Scheme
(NDIS), may affect employment-related decisions among PwMS.
Hence, our findings may not be generalizable to countries with
different sociodemographic or welfare systems. Second, there
are other factors, including personal (cognition, pain) and work-
related factors (job type, workplace, and public policy), that may
affect the employment transitions in our sample which were not
examined in this study. Third, this study was conducted during a
time in which high-efficacy DMTs were not available for most of
the cohort. Contemporary studies with higher-efficacy therapies

may produce different results.
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CONCLUSIONS

We documented the rate of employment transitions in a cohort of
individuals with a first episode of CNS demyelination followed over a
long period. We highlighted the fact that employment outcomes can-
not be restricted to an employed/unemployed dichotomy. We have
shown that female sex, progression to CDMS, more rapid disability
progression, and a greater number of relapses significantly increase
the risk of a negative employment transition. Clinically significant fa-
tigue was found to significantly increase the risk of not re-entering the
workforce, while having a university degree significantly increased
the chances of transitioning from unemployed to part-time and full-
time employment. The association between MS-specific factors (dis-
ability level in particular) and employment outcomes demonstrated
here and elsewhere underscore the potential of introducing employ-
ment outcomes as an appropriate proxy for MS progression in future
clinical trials and registry studies [35]. Understanding the multidi-
mensional patterns of early and time-dependent predictors of em-
ployment transitions is important to optimally target work-retention
programs tailored to these factors among PwMS who may need ad-
ditional work-related assistance as early as possible during the disease

course in order to remain longer in the labor force.
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