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Abstract 

Multiple sclerosis (MS) is a chronic neurodegenerative disease, with a mean age of onset 

between 30-40 years. Due to disease-related impairments, people with MS often experience 

difficulties in maintaining employment. This thesis aims to investigate factors associated with 

employment outcomes in people with MS, including MS symptoms, comorbidities, and the 

effects of disease modifying therapies (DMTs).  

The Australian Multiple Sclerosis Longitudinal Study (AMSLS) is the data platform used for 

the studies presented in this thesis. The AMSLS, established in 2002, is an ongoing survey-

based longitudinal research project. Currently it has around 3,000 active participants who have 

been shown to be representative of Australians with MS. This thesis used data from several 

AMSLS surveys that were conducted in 2015 and 2016. 

The first analytical study quantified MS-related work productivity loss, that comes from both 

absenteeism (time absent from work) and presenteeism (reduced work productivity while at 

work), and then compared factors associated with labour force participation and total MS-

related work productivity loss. The study found that work productivity loss due to presenteeism 

was three times higher than that from absenteeism. Multivariable analyses showed that work 

productivity was determined most strongly by MS symptoms, particularly ‘fatigue and 

cognitive symptoms’ and ‘pain and sensory symptoms’, while older age, and lower education 

level were also predictive of not being in the labour force. 

The second study assessed the prevalence of 30 comorbidities and the impact of these 

comorbidities on employment outcomes in a working-aged MS cohort. Building on the first 

study, the possible mediation effects of symptom severity on the associations between 

comorbidities and employment outcomes were also examined. The study found that among the 

Australian working-aged MS population, comorbidities were very common (90% with ≥1 
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morbidity) and many limit people’s activities. Comorbidities showed a dose-dependent 

association with more MS-related work productivity loss and a higher likelihood of not 

working, and these effects were mainly mediated through symptom severity. 

The third study compared the effects of different DMTs used in the previous 5 years on 

improvements in work attendance, amount of work (working hours) and work productivity of 

people with MS. The study showed that those who used higher efficacy DMTs (e.g. fingolimod 

and natalizumab) were 2–3 times more likely to report improvements in the three employment 

outcomes compared to those who used classical injectable DMTs (β-interferons and glatiramer 

acetate). Natalizumab was associated with superior beneficial effects on patient-reported 

employment outcomes than fingolimod.

The last study evaluated risk factors of leaving employment due to MS, and whether the risk 

of leaving employment has changed differentially between people with relapsing-remitting MS 

(RRMS, for whom DMTs have been available) and people with primary progressive MS 

(PPMS, for whom DMTs have not been available during the study period) over the recent 

several decades in Australia. The study found that being male, having progressive MS, having 

a lower education level and being of an older age at diagnosis were associated with a higher 

sub-distribution hazard of leaving employment. Compared to the period before 2012, the sub-

distribution hazard of leaving employment due to MS during 2012-2016 was reduced by 43% 

(sHR 0.57, 95% CI 0.41 to 0.80) for people with RRMS, while no significant reduction was 

seen for people with PPMS (sHR 1.31,95% CI: 0.74 to 2.33). Such differential changes seem 

to coincide with the increased usage of high efficacy DMTs in Australia. 

In summary, for the first time, the thesis quantified MS-related work productivity loss due to 

presenteeism, and the findings highlight the importance of presenteeism being included in 

employment outcomes in MS research. The dominance of the severity of symptoms as 
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predictors of both work participation and productivity loss emphasises the need for improved 

management of symptoms to improve employment outcomes. In addition, optimal and 

simultaneous management of comorbidities may be a viable strategy to reduce MS symptom 

severity, which in turn could improve employment outcomes. More importantly, I provide the 

first evidence of the direct comparative effectiveness of multiple DMTs for MS using 

employment measures as outcomes. The last two studies show that DMTs may have important 

beneficial effects on the work life of people with MS. 
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Chapter 1: Introduction 

1 

Chapter 1: Introduction 

1.1 Background and rationale for the studies 

People with MS are typically diagnosed in their 30s-40s, a crucial period of career development. 

Accumulating disability and multiple symptoms make it challenging to maintain employment. 

Indirect costs arising from reduced working hours and low work force participation represent 

one of the biggest components of costs in MS1, imposing a heavy economic burden on society. 

For individuals with MS, employment brings, amongst other things, income, self-identity, and 

social interaction with others, which are important for quality of life and mental health well-

being. It is therefore important to improve employment outcomes in the MS population, which 

requires a better understanding of the factors that affect work life, as well as effective 

treatments that could improve work ability. 

Rational for study one: The most commonly evaluated employment outcome in MS research 

is employment status. Nevertheless, the importance of employment to individuals cannot be 

measured by employment status alone2. Work productivity is another important employment 

outcome. People with MS in employment are likely to experience work productivity loss due 

to the challenges associated with having MS, which may come from time absent from work 

(absenteeism) and/or a reduced work productivity (presenteeism). Until recently, presenteeism 

has been largely ignored in MS research, although its importance is increasingly recognised3. 

Disability level, MS type, and MS symptoms, such as fatigue, cognitive impairments, pain and 

depression have been shown to be associated with employment status4. However, few studies 

have evaluated factors associated with work productivity in MS. It is possible that the factors 

that are associated with work productivity are not the same as those associated with 

employment status. Furthermore, cost-of-illness studies have until now generally only include 

costs associated with absenteeism. To understand the full burden of MS associated with work 
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productivity loss, it is important to quantify costs associated with both absenteeism and 

presenteeism. 

Rational for study two: A number of studies have shown that comorbidities are common in 

people with MS, and that they negatively affect health outcomes and quality of life5-8. Given 

the shared symptoms between MS and some comorbidities, it is likely that presence of 

comorbidities would increase the symptom loads and then affect employment outcomes. But 

very few studies have evaluated how comorbidities affect employment outcomes of people 

with MS, and which comorbidities have the biggest impacts in the working-aged population. 

Rational for study three: Although no treatment could reverse disability progression in MS, 

clinical trials have shown that disease modifying therapies (DMTs) are effective in controlling 

disease activity9. There has been considerable progress in the development of DMTs over the 

past two decades10, providing clinicians and patients with a wide range of treatment options. 

However, there is a lack of direct evidence on the comparative effects between DMTs. 

Moreover, very few studies have evaluated the effects of DMTs on employment outcomes in 

people with MS. This is important to know as the cost-effectiveness of DMTs would increase 

if beneficial effects on employment outcomes were to be demonstrated. 

Rational for study four: Advances in DMTs over the past several decades may have 

contributed to better health outcomes as well as employment outcomes in the MS population. 

Though more recently medications have become available for progressive MS types, prior to 

this, DMTs were only available for people with relapsing forms of MS. Thus, if DMTs have 

improved employment retention, changes in the risk of leaving employment due to MS over 

the recent years might have differential trajectories between people with different MS 

phonotype. However, no study has evaluated changes in the risk of leaving employment over 

the past decades in the MS population, and whether the changes were different between people 

with different phenotype of MS. 
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1.2 Data platform 

The data used for our studies are from the Australian Multiple Sclerosis Longitudinal Study 

(AMSLS). The data are owned by MS Research Australia and the platform has resulted in 

publications that provided evidence on the economic impact of MS in Australia, MS prevalence 

estimates, impacts of MS on employment, disclosure of MS in the workplace, the use of air 

conditioning in Australians with MS, and associations between modifiable lifestyle factors and 

health outcomes in MS1,11-15. These studies have provided important implications for MS 

clinical practice, health care and policy advocacy to improve the overall quality of life of people 

with MS. The AMSLS now comprises around 3000 active participants who have been shown 

to be representative of the Australian MS population, with an estimated 96% diagnosed with 

definite MS by neurologists according to the McDonald criteria16. Recruitment to the AMSLS 

is ongoing with the assistance of MS Research Australia and all Australian State and Territory 

MS Societies. All participants provided informed consent. The study was approved by the 

Tasmanian Health and Medical Human Research Ethics Committee. 

As a survey-based study, the AMSLS has conducted many surveys to collect information on, 

for example, disease outcomes, employment, lifestyle factors, income and comorbidities. This 

thesis mainly used data from the 2015 Medication and Disease Course Survey, 2015 

Employment Survey, 2016 Economic Impact Survey, 2016 Lifestyle Survey and 2016 

Medication and Disease Couse survey.  

1.3 Main objectives of the studies 

Study one:  

1. To quantify MS-related work productivity loss in a nationally representative cohort of 

working Australians with MS;  

2. To estimate the costs of absenteeism and presenteeism;  
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3. To compare factors associated with labour force participation and work productivity loss. 

Study two:  

1. To assess the prevalence of 30 comorbidities and the impacts of comorbidities on work 

status and work productivity in working-aged people with MS, and to determine whether 

these effects were mediated by MS symptom severity;  

2. To estimate the economic burden of each comorbidity by evaluating the associated costs 

of work productivity loss. 

Study three:  

1. To compare the effects of DMTs on improving work attendance, amount of work and 

work productivity using patient-reported data. 

Study four:  

1. To evaluate the risk factors for leaving employment due to MS by competing risk survival 

analysis;  

2. To assess changes in the risk of leaving employment in Australians with MS over recent 

decades by MS phenotype.  

1.4 Outline of the thesis 

This thesis focuses on employment outcomes in MS, particularly employment status and work 

productivity loss. The first chapter presented here is a brief introduction of the thesis, including 

background and rationale of the four studies included in the thesis, data platform for the studies 

and research objectives of the studies. The second chapter reviews the literature that is 

important to the thesis. It starts with an overview of the clinical course, symptoms and drug 

treatments of MS. Then, the impacts of MS on the working life of individuals and society are 

described, as well as the current evidence on factors associated with employment status and 

work productivity and employment interventions. The last section discusses the potential role 
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of employment outcomes in comparing treatment effects. Chapter 3 describes study one: the 

evaluation of factors associated with work productivity loss in MS. Chapter 4 describes study 

two: the assessment of the impacts of comorbidities on employment outcomes in MS. Chapter 

5 describes study three: the evaluation of the effects of DMTs on employment outcomes by 

patient-reported data. Chapter 6 describes study four: the examination of the risk factors of 

leaving employment due to MS and differential changes in the risk over the past several 

decades between people with different phonotype of MS. The last chapter, Chapter 7 

summarises the key findings of the studies. It then discusses the implications of these findings 

and the strengths and limitations of the studies. Lastly, based on our findings and current 

evidence from literature, future directions are discussed. 
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Chapter 2: Background on key topics of multiple sclerosis and 

employment 

This chapter provides background to the topics that are central to this thesis. These include a 

brief introduction of multiple sclerosis (MS) and an overview of the impact of MS on the 

working life of individuals. Then, literature exploring factors associated with employment 

status and work productivity in people with MS, as well as existing evidence on effective 

employment interventions are summarised. Lastly, the rational of using employment outcomes 

to evaluate and to compare treatment effects is discussed. 

2.1 Multiple sclerosis 

MS is an inflammatory demyelinating disease of the central nervous system that often begins 

in early or middle adulthood. The pathogenesis of MS involves two distinct but interrelated 

processes: ongoing inflammation and neurodegeneration1. Despite presenting at all stages, 

inflammation is more pronounced in the acute phases of the disease rather than in the chronic 

progressive phases2. In the early stage, acute inflammatory demyelination (relapse) is followed 

by periods of remission; however, as the disease worsens, there is an irreversible progressive 

disability in most MS patients, driven by neurodegeneration. 

2.1.1 Common MS symptoms 

Symptoms of MS are various and variable from patient to patient and over disease course, 

depending on the severity and location of neurological lesions3. Common MS symptoms 

include weakness in the limbs, sensory problems, fatigue, spasticity, pain, bowel/bladder 

problems, cognitive impairments, depression and anxiety. These symptoms strongly influence 

the daily activities of people with MS, their participation in work and their overall quality of 

life4. 
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2.1.2 Clinical course 

Four types of MS clinical course were defined by an international consensus in 19965, which 

were widely used in the clinical practice and research. The most common type is relapsing-

remitting MS (RRMS), accounting for around 85% of MS cases. RRMS is characterised by 

acute attacks (relapses) followed by complete or partial recovery, with relatively little/no 

disability progression between relapses (Figure 2.1). Over time, an increasing proportion of 

people with RRMS will convert to a progressive phase termed secondary progressive MS 

(SPMS, a progressive course following an initial relapsing-remitting course). It has been 

suggested that the majority of people with RRMS would eventually experience a conversion to 

SPMS, with 50% converting within 15 years after RR onset6.  

If the progressive accumulation of disability occurs from the onset, the disease course is 

referred to as primary progressive MS (PPMS, progressive course from onset with or without 

temporary plateaus, minor remissions and improvements) or progressive relapsing MS (PRMS, 

progressive course from onset but clear acute clinical relapses with or without clinical 

recovery). As progressive onset MS, PRMS and PPMS are essentially similar in their clinical 

characteristics. Therefore, in the revised classification system proposed by the International 

Panel on Diagnosis of MS in 2013, category of PRMS was recommended to be eliminated as 

people with PRMS could be classified as PPMS with disease activity (relapses or new lesions 

on magnetic resonance imaging (MRI))7. 
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Figure 2.1. Patterns of MS clinical course 
 

 

 

2.1.3 Disease modifying therapies for MS 

Although no treatment is available to reverse disability progression, the development of DMTs 

has made MS a treatable disease. Thus far, DMTs are predominantly anti-inflammatory or 

immunomodulatory drugs that are effective in suppressing MS disease activity, namely 

reducing relapsing rates and lesion loads on MRI8. This means that most DMTs have been 

shown to be effective for people with relapsing forms of MS but not for those with progressive 

MS8. In the  early 1990s, the first DMT for MS, interferon-beta, was approved (in 1993 by US 

Food and Drug Administration, 1994 by European Medicine Agency, and 1995 by Australian 

Therapeutic Goods Administration (TGA))9,10. Since then, there have been remarkable 

advances in DMTs, with higher efficacy DMTs  becoming available (Figure 2.2), such as 

fingolimod, natalizumab and alemtuzumab11. Clinical trials have shown that DMTs are 
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effective in controlling disease activity and slowing short-term disability, but the long-terms 

effects of DMTs on disability progression are still less certain.  

Although the majority of DMTs are approved for treating RRMS, there has been progress in 

DMTs for people with progressive forms of MS. To date, ocrelizumab is the only available 

DMT for treating PPMS12. It has been approved by the Australia TGA in 2017, for treating 

RRMS and PPMS. A recent phase 3 clinical trial has shown that siponimod seems to be 

effective in reducing the risk of disability progression for people with SPMS13. The Australian 

TGA has just approved it for treating SPMS in November 2019. 
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Figure 2.2. Timeline of DMTs approval by the Australian Therapeutic Goods Administration. 
S/C: subcutaneous; IM: intramuscular. Ocrelizumab was approved for treating RRMS and PPMS. Siponimod was approved for treating SPMS; the other 
drugs were approved for treating RRMS. Siponimod is not yet on the list of Pharmaceutical Benefit Scheme (PBS, an Australian Government program that 
subsidises medicines to make them more affordable) in 2019. The other DMTs are on the list of PBS in 2019. 
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2.2 Impact of MS on the working life of people with MS and associated 

socioeconomic burden 

Employment is important for working-aged individuals as it brings a source of income, 

personal identity, social status and offers interactions with others14. Employment is also 

associated with people’s mental health and quality of life14-17. However, the working life of 

people with MS is substantially affected by their MS.  

Even though the majority of people are employed before or at the time of MS diagnosis, studies 

consistently suggest that people with MS tend to leave the labour force early as the disease 

progresses18-21. A US study, conducted in 2003 among a national MS sample who were treated 

with DMTs, showed that among their study sample (95% were <65 years) only 41% were 

working; 21% changed working hours due to MS and 31% retired early due to MS18. Similarly, 

studies conducted across six European countries in 2005 found that on average 35% of MS 

participants retired early19. The proportion of participants who were working ranged from 26% 

to 42%, but these proportions included those who were above the typical retirement age. The 

updated data from surveys across 16 European countries conducted from 2015-2016 showed 

that among the working-aged MS population, the labour force participation rate (including 

those looking for jobs) was on average 50%21, lower than the general population.   

A 2016 global MS employment report, which incorporated a global sample of people with MS, 

showed that the proportion of people with MS in employment significantly declined with age, 

with 68% were working among those aged 19-30 years while 52% were working among those 

aged 51-60 years. Moreover, 43% of those who were not in employment had stopped working 

within three years after diagnosis and this increased to 70% after ten years, suggesting that 

people with MS often leave their employment at younger ages22.  
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In addition to the personal burden, the economic burden of MS-related employment changes 

to society is usually assessed by quantitating lost productivity that arises from a reduction in 

working hours and early employment cessation. Burden-of-illness studies consistently 

indicated that the indirect costs associated with lost productivity represent one of the largest 

components of the overall costs of MS18-20. For example, in Australians with MS, it has been 

estimated that the indirect costs due to lost productivity ($569,871 2017 Australian dollars) 

comprised more than 50% of the total lifetime cost burden of MS23. 

While labour force participation was lower in the MS population, an increasing trend of 

employment has been seen in Australia. The Australian Multiple Sclerosis Longitudinal Study, 

the study that is central to this thesis, demonstrated that participation in employment of the MS 

population increased from 48.8% in 2010 to 57.8% in 2013 in Australia. When compared to 

the general population after age and sex standardisation, the employment gap fell from 14.3% 

in 2010 to 3.5% in 201324. The increased availability of higher efficacy DMTs and positive 

responses of employers to the requests for work role/environment adjustments were thought to 

be important contributors. Further data incorporating additional time points and data from other 

countries may be helpful to better understand and confirm the trends over time and its 

associated factors. 

2.3 Factors associated with employment status in people with MS 

Employment status is the most commonly used employment outcome in MS research. The 

outcome was generally referred to being employed or not, being in the workforce or not, or 

leaving employment due to MS or not. Several systematic reviews have identified factors 

associated with employment status in MS, including sociodemographic factors, MS-related 

factors, psychological factors and environmental factors25-27. 
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Consistent evidence showed that sociodemographic factors and disease-related factors are 

significantly associated with employment status in MS28. Studies indicated that higher 

education level29,30, older age30-33, higher levels of disability29,30,34, longer disease duration 

30,33,34and progressive disease course 32,34 were associated with employment status in people 

with MS. Specific symptoms have also been showed to be associated with employment, such 

as fatigue29,30,32,33,35-37, depression, cognitive impairment29,32,33,36,38-42, mobility29,38, visual 

problems38, hand function29, and pain43. On the other hand, there is a lack of studies evaluating 

the above diseases-related factors simultaneously in a single study to explore which factors are 

independent drivers of leaving employment. 

Psychological factors are also important determinants of work participation or leaving 

employment44. For example, coping styles were found to be associated with employment status 

in MS. A cross-sectional study found that there were significant differences in substance abuse 

and behavioural disengagement between those employed and unemployed, indicating that 

unemployed people with MS were likely to perform maladaptive coping behaviours33. A 

another prospective study found that an avoidant coping strategy at baseline, referred to as 

denial, behavioural disengagement, and mental disengagement, was associated with a shorter 

time to unemployment45. Personality is another factor associated with employment status as 

this affects the attitudes towards work-related difficulties and the way individuals cope with 

these difficulties46,47. People with MS often have a low perceived work self-efficacy44,48 and 

this might increase the inclination to quit employment. Self-efficacy might mediate the 

association between physical impacts of MS and work instability leading to quitting a job44.  

It has been recognised that environmental factors also play an important role in employment in 

MS but there is a limited number of studies evaluating how these factors affect employment 

status in people with MS26. Supportive work environment, understanding employers and good 

interpersonal relationship with co-workers may encourage people with MS to stay in the 
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workforce longer 26,49,50. When people with MS perceive discrimination in the workplace, they 

are more likely to quit their employment51. Further research is needed to explore the impacts 

of environmental factors on the employment of people with MS and how they interact with 

disease variables and psychological factors on affecting workforce participation.  

2.4 Work productivity in employed people with MS 

The importance of employment in the lives of people with MS cannot be measured by 

employment status alone14. For employed people, MS problems would cause a reduced ability 

to concentrate or fulfil tasks, thus reducing productivity at work, which could happen at early 

stages of disease and across the disease course. Therefore, work productivity is another 

important employment measure reflecting impacts of MS on work performance. Understanding 

the extent to which MS affects work productivity and the factors associated therewith would 

inform development of interventions that could provide timely and persistent assistance for 

people with MS to maintain and improve their work capacity. As labour force participation in 

MS seems to be increasing, people with MS are getting better at maintaining employment. 

Effective measures aimed at improving their work productivity are therefore becoming more 

important.   

Both absenteeism and presenteeism contribute to loss in work productivity. Absenteeism refers 

to missed working time due to absence from work. Presenteeism is a concept of being present 

at work with less ability to accomplish work tasks due to illness, thus leading to reduced 

productivity. Estimates from other diseases suggest that the economic loss caused by 

presenteeism due to illness is higher than that caused by absenteeism52, indicating that 

presenteeism is an important source of work productivity loss. 

For measuring work productivity, the Work Productivity and Activity Impairment (WPAI)53 

questionnaire has been widely used to assess disease-related work productivity loss in many 
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chronic diseases54. The WPAI is a validated and reliable tool to measure the impact of health 

problems on work performance, which captures work productivity loss due to both absenteeism 

and presenteeism. It can also be used to assess the effectiveness of interventions on work 

productivity55. The WPAI has a general health version and disease-specific versions. For 

example, the MS-specific version of WPAI measures absenteeism and presenteeism that are 

specifically caused by MS-related problems while the general health version assesses the work 

productivity loss caused by any health problem (any physical or emotional problem or 

symptom). 

Impact of MS on the work productivity of those who are working has not been well studied as 

presenteeism has been largely ignored. In the cost-of-illness studies of MS, indirect costs due 

to presenteeism were generally not captured 56. Only several recent studies have quantified 

work productivity loss related to absenteeism and presenteeism in people with RRMS. Despite 

difference in the estimated level of work productivity loss, the findings indicated that work 

productivity loss due to presenteeism were higher than that due to absenteeism in MS57-59, 

which were consistent with findings from population with other diseases. Nicholas et al. 

compared absenteeism and presenteeism due to any health problems between 196 employed 

people with RRMS and 784 propensity-score matched non-MS respondents from participants 

of the 2015 US National Health and Wellness Survey. They found that work productivity loss 

due to absenteeism (12.3% vs. 6.3%) and presenteeism (33.4% vs. 18.6%) were almost 2 times 

higher in employed people with RRMS comparing to the general population57. Similarly, 

Nohara et al. used data from seven administrations of the nationally representative Japan 

National Health and Wellness Survey to compare work productivity loss between 96 MS 

respondents and 498 matched controls. They also showed that RRMS reported more loss due 

to absenteeism (17.50% vs 5.57%) and presenteeism (38.11% vs 21.62%) than matched 

controls. Another study which included 274 employed people with RRMS reported lower level 
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of work productivity loss. In the study, work productivity loss due to any health problems in 

the past 7 days was estimated to be 3.6% due to absenteeism and 11.9% due to presenteeism59.  

Very few studies have evaluated factors associated with work productivity loss in MS. While 

more severe fatigue, depression, anxiety and disability level were shown to be associated with 

more work productivity loss57,59, studies evaluating the impacts of other MS symptoms and the 

drivers of work productivity loss are limited. In addition to demographic and disease-related 

factors, the impacts of other factors such as psychosocial and environmental factors on work 

productivity in people with MS remain unclear. Moreover, no studies evaluated longitudinal 

changes of work productivity in employed people with MS. 

2.5 Employment interventions in people with MS 

Improving employment outcomes for working-aged people with MS is important but 

somewhat challenging due to the early onset and chronic progressive nature of MS. While a 

growing number of studies demonstrating factors affecting employment outcomes in people 

with MS, there are few interventions with demonstrated effectiveness that primarily focus on 

improving employment outcomes60.  

Vocational services/ programs that provide assistance in job seeking and employment retention 

for people with MS are available in Australia and many other countries61,62, but the 

effectiveness of these vocational rehabilitation services/programs is inconclusive due to a lack 

of methodologically robust studies60,63. By using US Rehabilitation Services Administration 

data, Chiu et al. evaluated associations between 15 types of vocational rehabilitation services 

and employment status after receiving services in people with MS62. After including multiple 

types of services in one model, they found the odds of being employed remained significantly 

higher among those who received counselling and guidance, job placement assistance (a 

referral to a specific job resulting in an interview, whether or not the individual obtained the 
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job), on-the-job supports (services provided to MS employees in order to stabilize the 

placement and enhance job retention), maintenance service (monetary support), or assistive 

technology services (the systematic application of technologies, engineering methodologies, or 

scientific principles to meet the needs of, and address the barriers confronted by, individuals 

with disabilities in their employment). However, the study did not account for the difference 

in disability, symptom severity and employment status prior to seeking services between those 

who received different services. As these factors are also associated with employment status 

after receiving different services, the comparative effectiveness of these services cannot be 

determined. In addition, no studies have evaluated the effectiveness of employment services 

on improving work productivity and the long-term effects on employment retention.  

Providing employment services at the early stage to people with MS is helpful to maximise the 

benefits of these assistance to individuals and society. However, many people with MS tended 

to seek vocational rehabilitation services at the time when they had already left employment or 

they were experiencing major difficulties at work, making the services too late to be effective64. 

Being unfamiliar with available services, unawareness of problems/risks at work, or long travel 

distance to seek services might be the barriers for people with MS to make the early and full 

use of these available services. More efforts in patient education to encourage people with MS 

are needed to encourage them seek employment assistance early.  

In addition, designing, implementing and evaluating low thresholds employment 

interventions/programs is worthwhile. Selection of modes of intervention delivery, such as in-

person (individual-based or group-based) or internet-based, is important. This requires detailed 

considerations when designing interventions, as different modes have their own strengths and 

limitations. For example, in-person interventions are better at maintaining motivation of 

participants and preventing attrition65. Group-based interventions also have advantage of peer 

learning during intervention. The limitations of in-person delivery may include the time, travel 
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distance and cost burdens on participants. By contrast, online training interventions can be 

immediately available to everybody and have fewer restriction on the time and location to take 

the training66. Therefore, individuals could choose to do the training at times that suit and when 

they feel well enough. 

2.6 Potential role of employment outcomes as measures to evaluate and 

compare treatment/intervention effects 

Employment outcomes such as work productivity and employment status could also be useful 

patient-reported outcome measures for evaluating and comparing treatment effects. While 

many treatments and interventions are aimed at reducing disease progression or improving 

specific MS symptoms, these impacts might have indirect effects on employment outcomes. 

Given the large indirect costs associated with unemployment and work productivity loss, 

demonstrating even relatively small indirect effects on employment outcomes may be 

associated with potentially large cost savings to society, which is an important aspect of cost-

effectiveness evaluation. 

For example, the effects of DMTs are generally evaluated using clinical and MRI outcomes, 

such as relapses, disability progression and MRI lesions, but whether DMTs also improve the 

severity of symptoms, work productivity or work participation have not been well evaluated. 

Although several observational studies from Sweden reported improvements in working hours 

or reduced amount of sick leave from work after one year of natalizumab treatment 67-69, it is 

unknown what the effects of other DMTs and the long-term effects of DMTs on maintaining 

and improving work capacity are. Moreover, no studies have compared the effects of multiple 

available DMTs using employment outcomes. Comparative effectiveness studies would 

provide implications for clinical practice in terms of treatment selection.  
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Similarly, in recent years, promising results have been seen from non-pharmacological 

therapies on MS symptom management, e.g. interventions that aim to improve fatigue, 

cognition and depression70-72. However, these trials generally used symptom severity and 

quality of life as outcomes with no study evaluating effects on improving employment 

outcomes. For example, exercise-based interventions and cognitive behaviour therapies have 

been shown to be effective in improving fatigue in people with MS73,74. As fatigue is one of 

the most commonly reported symptoms that strongly affects employment, it would be helpful 

to understand whether these interventions have further beneficial effects on improving work 

productivity or employment retention.  

2.6 Conclusions 

In summary, given the significant negative impacts of reduced work productivity and 

employment cessation on the lives of people with MS and related socioeconomic burden, it is 

important to improve the quality of working life of people with MS by improving their work 

ability and assisting them stay longer in the labour force.  

While people with MS often leave their employment early due to MS, increasing employment 

rates have been seen in recent years in Australia. A large number of factors have been shown 

to be associated with employment status, including sociodemographic factors, disease-related 

factors, psychological factors and environmental factors. Research on work productivity loss 

in employed people with MS that combine both absenteeism and presenteeism is limited. In 

addition, there is a lack of evidence on effective interventions that specifically target at 

improving employment outcomes for people with MS. Employment outcomes might be 

indirectly affected by treatments and interventions and could potentially be used as outcome 

measures to assess and compare treatment/intervention effects, such as the effects of DMTs. 
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Chapter 3: Estimating MS-related work productivity loss and 

factors associated with work productivity loss in a representative 

Australian sample of people with multiple sclerosis 

3.1 Introduction 

For employees, work productivity loss due to health conditions arises from both absenteeism 

and presenteeism. Absenteeism refers to time absent from work caused by health problems. 

Presenteeism refers to reduced productivity at work when suffering from health problems1, a 

work factor that has been largely ignored in MS research. Cost-of-illness studies in MS 

generally include absenteeism but not presenteeism2-4, thus underestimating the indirect costs 

of MS. Therefore, estimating costs of MS-related presenteeism and absenteeism is needed.  

Lower education level, older age, higher level of disability, longer disease duration, progressive 

disease course and more severe symptoms, have been shown to be predictive of unemployment 

in people with MS5-7. However, little is known about factors associated with work productivity. 

The question is whether the factors associated with employment status are the same as the 

factors that drive work productivity loss. This is important when designing interventions to 

assist people with MS in maintaining or increasing work productivity and keeping them in the 

workforce longer.  

The aims of our study were (a) to quantify MS-related work productivity loss in a nationally 

representative cohort of working Australians with MS; (b) to estimate the costs of absenteeism 

and presenteeism; (c) to compare factors associated with labour force participation and work 

productivity loss.  
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3.2 Methods  

3.2.1 Study population 

The Australian MS Longitudinal Study (AMSLS) comprises over 3,000 active participants who 

are representative of the Australian MS population, with an estimated 96% diagnosed with 

definite MS by neurologists according to the McDonald criteria8. Recruitment to the AMSLS 

is ongoing to counter attrition with the assistance of MS Research Australia and all Australian 

State and Territory MS Societies. All participants provided informed consent. The study is 

approved by the Tasmanian Health and Medical Human Research Ethics Committee. 

In November 2015, among 3,208 active participants, 1,987 (61.8%) responded to the 

Employment Survey and 1,985 (61.9%) responded to the Medication & Disease Course Survey, 

with 1,926 (94.1%) responding to both surveys. To calculate costs, we used data from the 2016 

Economic Impact Survey (from April-June, 3,163 active participants invited, 1,577 (49.9%) 

responded). 

3.2.2 Measurements 

Labour force participation 

Those who had the capability of being employed (employed and unemployed but were seeking 

employment) were defined as in the labour force. Part-time was defined as working < 35 hours 

per week, and full-time as working ≥35 hours per week9.  

MS-related work productivity loss   

MS-related absenteeism and presenteeism were measured based on the work productivity and 

activity impairment questionnaire: MS version (WPAI: MS). WPAI is a validated and reliable 

instrument to evaluate health-related impairments in work, and has been used in many chronic 

diseases10-15. To reduce the influence of atypical weeks, we extended the recall period from 7-

day to 4-week, which does not reduce the validity and is in line with other studies16. 
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Lost productive days due to absenteeism were captured by the number of days missed from 

work in the past 4 weeks due to MS. Lost productive days due to presenteeism were calculated 

by multiplying the number of days worked when suffering from MS problems by how much 

MS affected productivity while working (numeric rating scale 0-10, converted to a percentage 

of impairment by dividing by 10 and multiplying by 100%). Loss due to absenteeism plus 

presenteeism yielded total work productivity loss. WPAI outcomes were expressed in 

percentages (percent productive time lost) with higher values indicating more loss. For 

example, if an individual who should have worked 20 days in 4 weeks without absenteeism, 

and missed 1 day from work due to MS, the work productivity loss due to absenteeism was 1 

day and the percent productive time lost due to absenteeism was 1/20*100%=5%. If that person 

worked 10/20 days when suffering from MS problems and MS affected the productivity by 

20%, then work productivity loss due to presenteeism was 10 days*20%=2 days and the percent 

productive time lost due to presenteeism was 2/20 *100%=10%. The total work productivity 

loss in this case was 5%+10%=15% (1 day+2 days=3 days). 

Personal income  

From the Economic Impact survey, annual personal income was estimated using the midpoint 

of each wage category. 

Demographic and clinical measures 

Participants reported their education level and MS type. Symptom severity in the last four 

weeks compared to before MS were measured by a numeric rating scale (0-10), where 0 

signifies no problem and 10 signifies the worst possible symptoms. The symptoms included 

fatigue, cognitive symptoms (including problems with concentration, attention, and memory), 

walking difficulties, balance difficulties, pain, vision problems, bladder problems, bowel 

problems, sexual dysfunction, feelings of depression, feelings of anxiety, sensory symptoms, 

and spasticity. Disability was measured by the Patient Determined Disease Steps scale (PDDS), 
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which is a validated patient-reported instrument to measure disability in MS and is strongly 

correlated with the Expanded Disability Status Scale (EDSS, r=0.78)17,18. Fatigue was also 

measured by the Fatigue Severity Scale (FSS).19 Depression and anxiety were also measured 

by the Hospital Anxiety and Depression Scale (HADS)20. 

3.2.3 Statistical analysis 

The severity of symptoms tend to correlate with each other. To group symptoms, cluster 

analysis was conducted where symptoms were grouped according to their levels of similarity. 

The severity score for each symptom cluster was calculated by averaging individual symptom 

severity scores that belonged to the cluster and rounding to the nearest integer (0-10). 

The labour force participation analysis included working-aged respondents (18-64 years, 

n=1,471) after excluding full-time students (n=19). Work productivity loss analysis included 

employees who provided completed data regarding work productivity (n=740). The sub-

sample who provided both information on work productivity and personal income were used 

to estimate the economic costs of absenteeism and presenteeism (n=475). The annual costs of 

each person were calculated by multiplying the lost productive days a year (lost productivity 

days in 4 weeks * 48 weeks) by their annual personal income. Then, the mean annual costs per 

person were obtained by taking the average across the sample. The total MS population costs 

(costs of all MS employees in Australia) were calculated by multiplying the mean annual costs 

per person by the estimated number of people with MS in Australia (23,700)21, the employment 

rate from the current study (54.7%) and the estimated proportion of working-aged people with 

MS in the AMSLS (74.3%). 

Log-binomial regression was conducted to evaluate factors associated with labour force 

participation22. The Cragg hurdle model was used to regress the zero-inflated data on MS-

related work productivity loss on covariates for factors that might explain that loss. The model 
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combines a probit model for productivity loss as a binary response (yes/no) with a truncated 

linear regression model of its non-bounded values. Average marginal effects were computed 

from the dual sets of estimates to represent the effect of one unit increase in each covariate on 

work productivity loss in terms of time. To assess how much of the variation in MS-related 

work productivity loss could be explained by MS symptoms, we also performed linear 

regression among those who experienced any work productivity loss separately. For each 

outcome variable, univariable analysis was conducted first and covariates with P<0.1 were 

selected for multivariable analysis. The definition for statistical significance was P<0.05(two-

tailed). All the statistical analyses were performed using STATA 14. 

3.3 Results 

In the working-aged cohort, 80.1% were females and the mean age was 51.1 years, with labour 

force participation rate being 58% (Table 3.1). The working cohort (n=740) had mean age of 

49.0 years. No significant differences were found between the sub-sample who provided the 

income data (n=475) and the total 740 participants in age (P=0.47), sex (P=0.65), and the 

proportion of people experienced work productivity loss (P=0.22).The median annual personal 

income of the sub-sample was AUD$58,474 (IQR AUD$26,000 – AUD$90,974). 

We compared respondents with non-respondents of the surveys and found no difference in sex 

(P=0.47), although respondents were slightly older (+2.2 years, P<0.01), had a longer MS 

duration since diagnosis (+0.58 years, P=0.04) and a slightly higher education level (P=0.03). 
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Table 3.1. Characteristics of the participants of the Australian MS Longitudinal Study included in the 
analysis on labour force participation (18-64 years) and MS-related work productivity loss (currently 
working for pay).  

 
Labour force 
participation 

analysis 
(n=1,471) 

 
Work 

productivity 
loss analysis 

(n=740) 
Age (years), mean (SD) 51.1 (8.8)  48.9 (9.2) 
MS duration since diagnosis (years), mean (SD) 12.4 (7.0)  11.3 (6.5) 
Female, n (%) 1194 (80.6)  606 (82.0) 
Education level, n (%)    
 Primary school or Secondary school 369 (25.1)  134 (18.2) 
 Occupational certificate or diploma 532 (36.2)  248 (33.6) 
 University bachelor's degree 335 (22.8)  199 (27.0) 
 University postgraduate degree 234 (15.9)  157 (21.3) 
MS Type, n (%)    
 Bout onset: Relapsing remitting MS 1,027 (70.0)  597 (80.7) 
 Bout onset: Secondary progressive MS 176 (12.0)  45 (6.1) 
 Progressive onset: Primary progressive MS 93 (6.3)  27 (3.7) 
 Progressive onset: Progressive relapsing MS 27 (1.8)  10 (1.4) 
 Unsure 145 (9.9)  61 (8.2) 
Labour force participation, n (%)    
 In the labour force, employed full time 337 (22.9)  - 
 In the labour force, employed part time 468 (31.8)  - 
 In the labour force, unemployed (seeking a job) 51 (3.5)  - 
 Not in the labour force 615 (41.8)  - 
Self-employment status (vs working for an employer), n (%) -  105 (14.5) 
PDDS, median (IQR) 2 (0-4)  1 (0-3) 
FSS, median (IQR) 4.6 (2.9-5.9)  3.7 (2.4-5.1) 
HADS depression, median (IQR) 5 (2-8)  4 (1-7) 
HADS anxiety, median (IQR) 7 (4-10)  7 (3-9) 
SD: standard deviation; IQR: interquartile range; PDDS: Patient Determined Disease Steps Scale; FSS: Fatigue severity scale; 
HADS: Hospital Anxiety and Depression Scale 
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2.3.1 MS-related work productivity loss 

Among working people, 56% reported any absenteeism or presenteeism in the past 4 weeks, 

of which 2.9 times more reported presenteeism compared to absenteeism (52% vs 18%, Table 

3.2). The mean MS-related productivity loss attributed to presenteeism (1.9 days; 10.8%) was 

3.2 times higher than that caused by absenteeism (0.6 day; 3.4%).  

The estimated costs of MS-related work productivity loss (absenteeism + presenteeism) were 

AUD$6,767 per person per year (Table 3.3) and AUD$66 million for all working Australians 

with MS. The cost of presenteeism (AUD$5,207) was 3.3 times higher than that of absenteeism 

(AUD$1,560).
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Table 3.2. MS-related work productivity loss in the past 4 weeks (in days and percentages) associated with absenteeism, presenteeism and total work productivity 
loss. 
 % with any 

productivity lossa 
Mean (SD) among those with 
any productivity lossb 

Mean (SD) in the total 
working sampleb 

Total work productivity loss (absenteeism + presenteeism) 56   
 Lost productive days in past 4 weeks  4.6 (4.9) 2.5 (4.2) 

Lost % of productive time in past 4 weekse  25.9 (23.4) 14.2 (21.6) 
Absenteeism 18   
 Lost productive days in past 4 weeks due to absenteeism  1.1 (2.9) 0.6 (2.2) 

Lost % of productive time in past 4 weeks due to absenteeisme 6.2 (14.2) 3.4 (10.9) 
Presenteeism 52   

 Lost productive days in past 4 weeks due to presenteeism  3.5 (3.9) 1.9 (3.4) 
Lost % of productive time in past 4 weeks due to presenteeisme 19.7 (19.0) 10.8 (17.2) 

a Percentage of working people with MS who reported any productivity loss (absenteeism or presenteeism); % reported absenteeism; % reported presenteeism. 
b Means were evaluated among 740 working people with completed data on work productivity loss. 
e Denominator is the total days the person would have worked if they had no absenteeism. 
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Table 3.3. Costs of MS-related absenteeism, presenteeism and total work productivity loss. 

 

 Mean annual costs per 
person of those with any 
work productivity loss  

Mean annual costs per 
person in total working 
population  Total annual population costs in Australia* 

AUD USD EUR AUD USD EUR AUD USD EUR 
Total work productivity loss 
(absenteeism + presenteeism) 

 11,994 8,835 8,114  6,767 4,985 4,578  66 million 48 million 44 million 

Absenteeism  2,765 2,036 1,870  1,560 1,149 1,055  15 million 11 million 10 million 
Presenteeism  9,229 6,798 6,227  5,207 3,835 3,522  50 million 37 million 34 million 

* Total population costs were calculated by multiplying mean costs per person with estimated prevalence of MS (23,700) in Australia and employment 
rate (54.7%) from current study and proportion (74.3%) of people of working age in the respondents of AMSLS. 
AUD: 2016 Australian dollars; USD: 2016 United States dollars; EUR: 2016 Euros. One AUD=0.7366 USD; One AUD=0.6765 EUR. 
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2.3.2 MS symptom clusters 

Results from the cluster analysis of symptoms are shown in a dendrogram (Figure 3.1). We 

identified 7 symptom clusters, grouping “fatigue and cognitive symptoms”, “pain and sensory 

symptoms”, “feelings of anxiety and depression”, “difficulties with walking, balance and 

spasticity”, “bladder and bowel problems”, “sexual dysfunction”, and “vision problems”. 

 

Figure 3.1. Results of hierarchical cluster analysis on MS symptoms. 
 
Dendrogram presents information on how MS symptoms were grouped together at various levels of 
similarity. At the left of the dendrogram, each symptom is considered as its own cluster. Horizontal 
lines extend up for each symptom and at various (dis)similarity values, these lines are intersected with 
the lines from other symptoms to one line. Lines of symptoms continue to combine until at the right of 
the dendrogram, all symptoms are grouped together. Symptoms whose line intersect towards the left 
of the figure are more closely related than those whose line intersect further to the right. r=Pearson 
correlation coefficient. 
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2.3.3 Factors associated with not being in the labour force 

In the univariable analysis (Table 3.4), the prevalence of not being in the labour force was 

higher for those who were older, had a lower education level, progressive onset MS, longer 

disease duration, higher scores of PDDS, FSS, HADS depression and anxiety, and higher 

scores on all individual MS symptoms and MS symptom clusters. The most important 

associated symptom clusters were “fatigue and cognitive symptoms”, “difficulties with 

walking, balance and spasticity”, and “pain and sensory symptoms”. Progressive onset MS and 

disability measured by PDDS were no longer associated with labour force participation when 

symptoms were taken into account. 

Not surprisingly, we observed reassuringly high correlations between FSS and patient-reported 

fatigue severity (r=0.73), PDDS and patient-reported walking difficulties (r=0.82), HADS 

depression and patient-reported feelings of depression (r=0.62) and HADS anxiety and patient-

reported feelings of anxiety (r=0.67). Variables from symptom severity scales were selected 

for multivariable analysis as they were all measured on the same scale (0-10) so that we could 

compare the differential impacts between symptoms. Symptom clusters rather than individual 

symptoms were eventually selected for the final model due to the strong correlations between 

some of the individual symptoms, also reducing the model complexity.  
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Table 3.4. Univariable analysis investigating factors associated with labour force participation and work 
productivity loss. 

 Variables Effects on not being 
in the labour force 

 
Effects on MS-related 
work productivity loss 
in terms of time 

  PR (95% CI)  Coefficient ǂ (95% CI) 
Age group    
 <45 years 1.00 (Ref)  0.00 (Ref) 
 45-54 years 1.60 (1.27, 2.01)**  -1.20 (-6.55, 4.15) 
 55+ years 2.75 (2.23, 3.38)**  0.48 (-5.47, 6.43) 
 Test for trend P<0.001  P=0.877 
Sex    
  Female 1.00 (Ref)  0.00 (Ref) 
  Male 1.11 (0.96, 1.28)  -2.25 (-7.56, 3.07) 
 Education  level    

  University postgraduate degree 1.00 (Ref)  0.00 (Ref) 
  University bachelor’s degree 1.17 (0.89, 1.54)  -3.20 (-9.20, 2.80) 
  Occupational certificate or diploma 1.86 (1.47, 2.37)**  4.37 (-2.49, 11.22) 
  Primary or secondary school 2.22 (1.75, 2.82)**  -5.40 (-11.72, 0.92) 
  Test for trend P<0.001  P=0.716 
 MS onset type    

  Bout onset MS 1.00 (Ref)  0.00 (Ref) 
  Progressive onset MS 1.67 (1.43, 1.94)**  9.42 (-5.63, 24.48) 
  Unsure 1.31 (1.10, 1.56)*  -4.81 (-11.92, 2.30) 
 MS duration since diagnosis    

  <5 years 1.00 (Ref)  0.00 (Ref) 
  5-10 years 1.18 (0.87, 1.60 )  -2.13 (-10.09, 5.82) 
  10-15  years 1.24 (0.92, 1.68 )  -2.46 (-10.61, 5.69) 
  15-20  years 1.64 (1.21, 2.22 )*  -1.25 (-10.84, 8.35) 
  >20 years 2.10 (1.56, 2.82 )**  5.63 (-6.57, 17.83) 
  Test for trend P<0.001  P=0.368 
 Disability -PDDS score (0-8) a 1.19 (1.18, 1.20 )**  7.05 (5.41, 8.69)** 
 FSS-Fatigue score (0.0-7.0) a 1.19 (1.15, 1.23 )**  7.40 (5.78, 9.03)** 
 HADS-Depression score (0-21) a 1.06 (1.05, 1.08)**  3.56 (2.77, 4.35)** 
 HADS -Anxiety score (0-21) a 1.02 (1.01, 1.04 )*  1.94 (1.33, 2.54)** 
Individual MS symptom     
 Fatigue (0-10) a 1.15 (1.12, 1.17)**  6.00 (4.74, 7.26)** 
 Walking difficulties (0-10)  a 1.15 (1.14, 1.17)**  4.46 (3.46, 5.45)** 
 Balance difficulties (0-10) a 1.15 (1.14, 1.17)**  4.56 (3.50, 5.61)** 
 Spasticity (0-10)  a 1.12 (1.11, 1.14)**  4.38 (3.39, 5.38)** 
 Cognitive symptoms (0-10)  a 1.12 (1.10, 1.14)**  4.93 (3.81, 6.04)** 
 Bladder problems (0-10) a 1.12 (1.10, 1.13)**  3.34 (2.49, 4.19)** 
 Sensory symptoms (0-10) a 1.11 (1.09, 1.13)**  4.60 (3.56, 5.63)** 
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The final multivariable model (Table 3.5) showed that after including age, MS duration since 

diagnosis, education level and symptom clusters together in one model, only age, education 

level, and “difficulties with walking, balance and spasticity” remained significantly associated 

with labour force participation. Of symptom clusters, “difficulties with walking, balance and 

spasticity” was most strongly associated with labour force participation, with the prevalence of 

not being in the labour force increased by 10% for every unit increase in symptom cluster score 

 Pain (0-10)  a 1.11 (1.09, 1.13)**  4.82 (3.84, 5.81)** 
 Bowel problems (0-10)  a 1.10 (1.09, 1.12)**  3.39 (2.50, 4.28)** 
 Sexual dysfunction  (0-10) a 1.10 (1.08, 1.12)**  3.21 (2.37, 4.04)** 
 Vision problems (0-10)  a 1.08 (1.06, 1.11)**  2.94 (1.88, 4.00)** 
 Feelings of depression (0-10)  a 1.07 (1.05, 1.09)**  4.37 (3.38, 5.35)** 
 Feelings of anxiety (0-10)  a 1.07 (1.05, 1.09)**  4.23 (3.22, 5.24)** 
MS Symptom Clusters§    
 Fatigue and cognitive symptoms (0-10) a 1.16 (1.13, 1.18)**  6.51 (5.16, 7.86)** 
 Difficulties with walking,  balance and 

spasticity (0-10)   a 1.16 (1.15, 1.18)**  5.44 (4.25, 6.63)** 

 Pain and sensory symptoms (0-10)   a 1.14 (1.12, 1.16)**  6.00 (4.78, 7.22)** 
 Bladder and bowel problems (0-10)   a 1.13 (1.11, 1.15)**  3.96 (3.01, 4.92)** 
 Sexual dysfunction (0-10)   a 1.10 (1.08, 1.12)**  3.21 (2.37, 4.04)** 
 Vision problems (0-10)   a 1.08 (1.06, 1.11)**  2.94 (1.88, 4.00)** 
 Feelings of anxiety and depression (0-10)  a 1.07 (1.05, 1.10)**  4.72 (3.66, 5.78)** 
 Self-employment status    
  Working for an employer -  0.00 (Ref) 
  Self-employed -  9.18 (2.46, 15.91)* 
 Working hours per week    
  <20 h -  0.00 (Ref) 
  20-30 h -  -3.52 (-11.07, 4.02) 
  30-35 h -  -0.63 (-10.41,9.16) 
  >35 h -  -7.81 (-14.12,-1.50)* 
  Test for trend   P=0.012 
PDDS: Patient Determined Disease Steps Scale; FSS: Fatigue severity scale; HADS: Hospital Anxiety and 
Depression Scale; PR: prevalence ratio; CI: confidence interval.  
Data in bold indicate statistically significant; * P<0.05; ** P<0.001. 
ǂ The average marginal effects of covariates on % MS-related work productivity loss in terms of time from 
estimation of the Cragg hurdle regression. 
§ Symptom cluster identified from cluster analysis. 
a Per 1 unit increase. 
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(0-10). Compared to those in the youngest age category (<45 years), being in the oldest age 

category (55-64 years) increased the prevalence of not being in the labour force by 92%.  

Compared to those with a postgraduate degree, having an education level of primary/secondary 

school increased the prevalence by 57%. 

 

 

 

2.3.4 Factors associated with MS-related work productivity loss 

Univariable analysis (Table 3.4) showed that age, sex, education level, MS onset type and MS 

duration since diagnosis were not significantly associated with work productivity loss. 

Working hours per week had a significant test for trend, but this was no longer significant after 

adjusting for fatigue. Similar to the labour force participation analysis, variables relating to 

clinical features were all significantly associated with work productivity loss in the univariable 

analysis as well as being self-employed. 

Table 3.5. Final multivariable log binomial regression model investigating factors associated with not 
in the labour force. 

Variables PR (95% CI) 
Age group  
 <45 years 1.00 (Ref) 
 45-54 years 1.36 (1.09, 1.71) * 
 55-64 years 1.92 (1.55, 2.37) ** 
 Test for trend P <0.001 
Education level  
 University postgraduate degree 1.00 (Ref) 
 University bachelor's degree 1.25 (0.97, 1.63) 
 Occupational certificate or diploma 1.57 (1.26, 1.95) ** 
 Primary or secondary school 1.57 (1.26, 1.95) ** 
 Test for trend P <0.001 
Difficulties with walking, balance and spasticity (0-10)§  1.10 (1.09, 1.12) 
PR: prevalence ratio; CI: confidence interval.  
Data in bold indicate statistically significant; * P<0.05; ** P<0.001. 
§ Symptom cluster identified from cluster analysis, per 1 unit increase. 
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With the same considerations as above, symptom clusters and self-employment status were 

selected for fitting the final multivariable model (Table 3.6). Only “fatigue and cognitive 

symptoms”, “pain and sensory symptoms”, “difficulties with walking, balance and spasticity”, 

“feelings of anxiety and depression” and being self-employed remained independently 

associated with work productivity loss. Among symptom clusters, “fatigue and cognitive 

symptoms” was most strongly associated with MS-related work productivity loss, with each 

unit increase of the score being associated with an additional 3.31% more work productivity 

loss in terms of time. A linear regression model examining the amount of work productivity 

loss among those who experienced any work productivity loss explained 29% of the total 

variation in MS-related work productivity loss. 

 

 

3.4 Discussion 

In this large nationally representative sample, 56% of MS workers experienced work 

productivity loss due to MS in the past 4 weeks, with the contribution of presenteeism (10.8% 

lost productive time) to the overall work productivity loss (14.2%) being three times that of 

absenteeism (3.4%). The mean annual costs of presenteeism per person were AUD$5,207 

(USD$3,835, EUR€3,522) and AUD$1,560 (USD$1,149, EUR€1,055) due to absenteeism, 

leading to an AUD$66 million overall loss to the Australia community per year. Among all the 

Table 3.6. Final multivariable Cragg hurdle model investigating factors associated with MS-
    Variables Coefficient ǂ (95% CI) 

Self-employment status  
 Working for an employer 0.00 (Ref) 
 Self-employed workers 9.03 (3.92, 14.15)* 
Fatigue and cognitive symptoms (0-10)§ 3.31 (2.07, 4.55)** 
Pain and sensory symptoms (0-10)§ 2.32 (1.25, 3.40)** 
Difficulties with walking, balance and spasticity (0-10)§ 1.74 (0.79, 2.70)** 
Feelings of anxiety and depression (0-10)§ 1.07 (0.19, 1.95)* 
CI: confidence interval. Data in bold indicate statistically significant; * P<0.05; ** P<0.001. 
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factors evaluated in the current study, work productivity was almost completely determined by 

the severity of different symptoms. Other factors such as older age and a lower education level 

were also predictive of a person not being in the labour force but not work productivity loss. 

The MS symptom clusters that most strongly impact work productivity were “fatigue and 

cognitive symptoms”, “pain and sensory symptoms” and “difficulties with walking, balance 

and spasticity”.  

To the best of our knowledge, only two other studies, both from the United States, have 

assessed work productivity in relapsing-remitting MS (RRMS). They used the general health 

version of the WPAI, which captures work productivity loss due to MS as well as other illnesses, 

rather than the MS-specific version11,12. Gupta et al.12 reported a 36.8% total work productivity 

loss due to any health problem in RRMS employees and 18.1% in people without MS. The gap 

between the two groups, which reflects additional MS-related productivity loss, was similar to 

our results using the MS-specific scale. Due to the lack of a control group, estimating MS-

related productivity loss from the Glanz et al study is difficult11, but their estimates seem lower 

(overall loss 16%; presenteeism 12% vs. absenteeism 4%). This may be attributed to the overall 

mild disability level of their study population as EDSS median (IQR) was 1.5 (0-2.5)11. Our 

findings are strengthened with the use of an MS-specific measure of work productivity. We 

extended the recall period to 4-week, which reduces the influence of atypical work weeks at 

the expense of a potential risk of increasing recall error. 

Our study provides the first data on estimates of costs of MS-related work productivity loss23. 

The finding that MS-related presenteeism leads to 3 times more loss than absenteeism, in both 

time and costs, aligns with other health conditions and Glanz et al’s finding24-26, reinforcing 

the importance of including presenteeism in employment outcomes rather than absenteeism 

alone. While MS employees may experience work productivity loss (14%), estimates of some 

other chronic diseases were far higher (Crohn’s disease 46%27, ankylosing spondylitis 44%28 
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and rheumatoid arthritis 46%29). Additionally, few studies have examined factors associated 

with work productivity, and none have contrasted them with factors associated with labour 

force participation in people with MS11,30. We found that while older age and lower education 

level were strongly associated with not being in the labour force, they were not associated with 

work productivity loss. Despite this difference, symptom severity exerts strong impacts on both 

work productivity and workforce participation, indicating that early and effective interventions 

for the most problematic symptoms is essential. 

Finally, our results raise further questions to better understand the dynamics of presenteeism 

for MS employees. First and foremost, measures such as the WPAI capture the subjective 

assessments of productivity, which may or may not reflect objective productivity outcomes.  

MS employees frequently perceived low work efficacy 31,32, which may inflate their estimates 

of poor work performance. Regardless of the accuracy of such judgements, however, 

examining how employees cope with and manage perceptions of reduced productivity is 

important. Employees may bear the costs involved when they attempt to compensate by 

increasing effort on other days, or working outside of normal work hours. Moreover, constant 

perceptions of poor work productivity also cause low work self-efficacy 33. Further research is 

needed to identify the ‘net value’ of presenteeism 34 as well as develop a more comprehensive 

theoretical framework that includes a broader work system (e.g. work culture) and individual 

level variables such as personality factors, since 70% of variance in MS-related productivity 

loss is left unexplained in the current findings. 

Our work highlights that assisting people with MS to maintain their employment with a high 

work productivity is crucial. From a cost perspective, it is where we can make the biggest gains, 

because early retirement and absenteeism account for around 50% of the total MS indirect 

costs4 and we found that the costs of presenteeism were three times that of absenteeism. 

Moreover, employment brings many benefits to people with MS, including financial security, 
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identity, purpose, socialisation, and benefits to others35. Having high quality support services 

and developing (online) training interventions are ways to help lengthen and improve the 

quality of their working life. 

The strengths of our study include a large representative sample of Australians with MS, 

specific focus on MS-related work productivity and the first data on costs of presenteeism in 

MS. While some selection bias may have occurred as not all invited people participated, the 

differences in age and education level were not large. A limitation of our study was that we did 

not ask people the time they missed due to comorbidities, leading to a slight overestimate of 

the daily income and thus a slight overestimate in costs of work productivity loss. In addition 

to comorbidities, we did not assess factors such as job type or work environmental factors, 

which could also contribute to the variation in work productivity loss. 

In conclusion, MS-related productivity loss due to presenteeism is around three times that of 

absenteeism, highlighting the importance of presenteeism being included in employment 

outcomes. Reduced work productivity may impose negative impacts on individuals with MS, 

employers and society. Factors associated with labour force participation and work 

productivity are overlapping but somewhat different, with the severity of different symptoms 

being the most significant contributors in multivariable models, indicating that improved 

management of MS symptoms is key for people with MS to work more productively and to 

stay longer in the labour force. 
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Chapter 4: Comorbidities are prevalent and detrimental for 

employment outcomes in people of working-age with multiple 

sclerosis  

4.1 Introduction  

Comorbidities, medical conditions that co-occur with a primary disease, are common in people 

with multiple sclerosis (MS)1,2. Drawing upon the rapidly growing body of research on 

comorbidities in MS, Marrie3 notes that, to improve treatment and quality of life outcomes, 

more effort is needed to understand the burden of comorbidities in MS. Comorbidities have 

been shown to increase the risk for disability pension in working-aged people with MS 4, but 

the impact on their work productivity is unknown. Moreover, limited data exist on the 

prevalence of comorbidities in the working-aged MS population as studies generally assess 

comorbidities among the whole MS population1,5-8 or include a small number of 

comorbidities4,9.  

Work productivity and workforce participation are most strongly determined by symptom 

severity in people with MS10. Several studies evaluating the association between comorbidities 

and a single MS symptom found that comorbidities are associated with fatigue11 and pain12, 

and may influence the effects of a fatigue management intervention13. Given the potential 

shared symptomatology between MS and some other diseases, and comorbidities contributing 

to an increased MS symptom load, this is possibly leading to increased work productivity loss 

and earlier employment cessation. Understanding how comorbidities affect employment 

outcomes, and particularly identifying which have the largest impacts is important to plan 

health care enhancements to optimise health and employment outcomes in people with MS.  



Chapter 4: Comorbidities are prevalent and detrimental for employment outcomes in people 
of working-age with multiple sclerosis 

61 
 

The aims of our study were (a): to assess prevalence of 30 comorbidities and impacts of 

comorbidities on work status and work productivity in working-aged people with MS and 

determine whether these effects were mediated by MS symptom severity; and (b) to estimate 

the economic burden of each comorbidity by evaluating the associated costs of work 

productivity loss. 

4.2 Methods 

4.2.1 Participants 

The Australian MS Longitudinal Study (AMSLS) is a national study with ongoing recruitment 

assisted by MS Research Australia and all Australian State and Territory MS Societies. It 

includes around 3,000 participants, who are representative of Australians with MS14 of whom 

approximately 96% were diagnosed with definite MS by neurologists according to the 

McDonald criteria15.  

Data used for the current study are mainly from three AMSLS surveys. The Lifestyle Survey 

(August-October 2016, 3,102 survey invitations sent, 1,518 (48.8%) responded) assessed 

comorbidities. The Medication and Disease Course Survey (November 2016 to March 2017, 

3,098 invitations sent, 1,699 (54.8%) responded) assessed disease outcomes and work 

productivity. The invitations included 2,393 people of working age (<65 years), and of the 

1,223 respondents of both these surveys, 929 were of working age. The work productivity 

analysis applied to those who were working for pay (467/929) and we excluded those with 

incomplete work productivity data (49/467 (10.5%)). Costs evaluation used data from a sub-

sample (n=310) who also provided income data from the 2016 Economic Impact Survey 

(March-May 2016, 3,163 invitations sent, 1,577 (49.9%) responded). 
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4.2.2 Measurements 

Employment outcomes 

The Work Productivity and Activity Impairment Questionnaire: MS version (WPAI: MS) was 

used to measure work status and work productivity. WPAI is a validated instrument to evaluate 

health-related impairments in work productivity16-19. Work status was captured by asking 

whether the participants were currently working for pay. If working for pay, MS-related work 

productivity loss was assessed. The recall period was extended from 7 days to 4 weeks to 

reduce the influence of atypical weeks, which does not reduce the validity of the instrument 

and is in line with other studies20,21.  

Lost productive days due to absenteeism was measured as the number of days missed from 

work in the past four weeks due to MS. Lost productive days due to presenteeism were 

calculated by multiplying the number of days worked when suffering from MS-related 

problems by how much MS affected productivity while working (numeric rating scale 0-10, 

converted to a percentage of impairment at work by dividing by 10 and multiplying by 100%). 

Total work productivity loss combined the losses due to absenteeism and presenteeism. Work 

productivity loss was expressed in days for estimating costs and in percentages for regression 

analysis. The percentage was calculated as productive time lost associated with absenteeism 

and/or presenteeism divided by the total number of days the person should have worked if there 

was no absenteeism. The annual costs associated with work productivity loss of each person 

were calculated by multiplying the lost productive days per year by their estimated daily 

personal income. The mean annual costs per person were obtained by taking the average across 

the sample. The population costs for working individuals with a specific comorbidity were 

calculated as below:   



Chapter 4: Comorbidities are prevalent and detrimental for employment outcomes in people 
of working-age with multiple sclerosis 

63 
 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑐𝑐𝑃𝑃𝑐𝑐𝑃𝑃𝑐𝑐

= 𝑀𝑀𝑀𝑀 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃 𝐴𝐴𝑃𝑃𝑐𝑐𝑃𝑃𝐴𝐴𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 × 𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅 𝑃𝑃𝑜𝑜 𝑤𝑤𝑃𝑃𝐴𝐴𝑤𝑤𝑃𝑃𝑃𝑃𝑤𝑤 

× 𝑃𝑃𝐴𝐴𝑅𝑅𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑐𝑐𝑅𝑅 𝑃𝑃𝑜𝑜 𝑐𝑐𝑃𝑃𝑐𝑐𝑃𝑃𝐴𝐴𝑐𝑐𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑦𝑦 𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑤𝑤 𝑤𝑤𝑃𝑃𝐴𝐴𝑤𝑤𝑃𝑃𝑃𝑃𝑤𝑤 𝑃𝑃𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑃𝑃 

×  𝑀𝑀𝑅𝑅𝑃𝑃𝑃𝑃 𝑐𝑐𝑃𝑃𝑐𝑐𝑃𝑃𝑐𝑐 𝑃𝑃𝑅𝑅𝐴𝐴 𝑃𝑃𝑅𝑅𝐴𝐴𝑐𝑐𝑃𝑃𝑃𝑃 𝑤𝑤𝑃𝑃𝑃𝑃ℎ 𝑃𝑃 𝑐𝑐𝑃𝑃𝑅𝑅𝑐𝑐𝑃𝑃𝑜𝑜𝑃𝑃𝑐𝑐 𝑐𝑐𝑃𝑃𝑐𝑐𝑃𝑃𝐴𝐴𝑐𝑐𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝑦𝑦 

where rate of working was estimated from the respondents of 2016 Medication and disease 

course survey being (43%); and the MS population in Australia was estimated as 23,70022.  

Comorbidities 

Information was obtained on whether participants currently/previously had any of 30 

comorbidities (yes/no) which are listed in Figure 4.1, together with whether the comorbidity 

was doctor-diagnosed (yes/no/don’t know), limited their activities (yes/no/don’t know), and 

whether the participant was receiving treatment for that condition (yes/no/don’t know). 

Other measures 

Severity of 13 MS symptoms in the past four weeks compared to before they developed MS 

were measured by a numeric rating scale (0 (no problem)-10 (worst possible)). These 

symptoms were grouped into seven clusters by cluster analysis as previously described10 with 

the score for each cluster being the mean of the scores for the symptoms of which each was 

comprised, including “fatigue and cognitive symptoms”, “pain and sensory symptoms”, 

“feelings of anxiety and depression”, “difficulties with walking, balance and spasticity”, 

“bladder and bowel problems”, “sexual dysfunction”, and “vision problems”. 2324The Patient-

Determined Disease Steps Scale (PDDS, scored from 0 (no disability and only mild symptoms) 

to 8 (bedridden)) was used to assess disability. PDDS is a validated patient-reported instrument 

to measure disability in MS and is strongly correlated with the Expanded Disability Status 

Scale (EDSS, r=0.78)25,26. Participants also reported their MS type. 
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4.2.3 Statistical analysis 

Log-binomial27 regression was used to examine the association between comorbidities and 

work status. As the distribution of work productivity loss were zero-inflated (many zero-valued 

observations of no work productivity loss), the Cragg hurdle model28 was used for this outcome. 

The model combines a probit model for productivity loss as a binary response (yes/no) with a 

truncated linear regression model of its non-bounded values. Average marginal effects were 

computed from the dual sets of estimates to represent the effects of one unit increase in the 

number of comorbidities on work productivity loss. We modelled the outcomes using three 

different measures of comorbidity: number of comorbidities, number of comorbidities being 

treated, and number of comorbidities that limited activities. Covariates considered as potential 

confounders included age (categorised as <45 years, 45-54 and 55-64), sex, MS duration since 

diagnosis (continuous variable), MS onset type (relapse-onset vs. progressive-onset), and 

education level. The number of comorbidities were categorised based on their distribution in 

the sample. We grouped 0 and 1 for some categorisations as there was no difference in effect 

between 0 and having 1 such comorbidity. 

To determine whether the impact of comorbidities on employment outcomes were mediated by 

symptom severity, we firstly examined the correlations between comorbidities and symptom 

clusters. Then we adjusted the associations between comorbidities and employment outcomes 

for symptom clusters to test whether the associations would be significantly reduced. We chose 

the symptom clusters that were most strongly associated with employment outcomes in our 

previous work 10. 

A p-value<0.05 (two-tailed) was considered as statistically significant. All analyses were 

performed using STATA (version 15; StataCorp LP). 
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4.3 Results 

The 929 working-aged participants included in this analysis were similar in age of MS 

diagnosis (38.0 years vs. 37.4, p=0.077), sex (80.6% females vs. 80.5%, p=0.956) and 

education level (40% university degree vs. 35.8%, p=0.129) to working-aged people who were 

not included. Included participants were slightly older (51.6 years vs. 50.0 years, p<0.001) and 

had a slightly longer MS duration since diagnosis (13.7 years vs. 12.7 years, p<0.001). Overall, 

90% of participants reported having one or more comorbidities, 65% were receiving treatments 

for one or more comorbidities and 38% reported one or more comorbidities limited their 

activities (Table 4.1).  

4.3.1 Prevalence of comorbidities 

The most prevalent comorbidities among working-aged Australians with MS were depression 

(45%), anxiety (42%), allergies (38%), migraines (30%), high blood pressure (25%), high 

cholesterol level (21%), osteoarthritis (18%), anaemia (14%), and cancer (12%) (Figure 4.1).  

Of the most prevalent comorbidities, those with the highest percentages of participants who 

reported activity limitations due to that comorbidity were osteoarthritis (52%), migraines 

(40%), depression (29%), 33% with anxiety (33%), and allergies (18%) (Figure 4.1). Despite a 

high prevalence, very few people with high blood pressure (4%) or high cholesterol level (2%) 

reported activity limitations because of these comorbidities.  
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4.3.2 Work productivity loss and associated costs for people with different comorbidities 

Mean MS-related work productivity loss was 1.3 days for those without comorbidities and 2.5 

days for those with any comorbidities (Table 4.2). The mean MS-related work productivity 

Table 4.1. Characteristics of study population (working-aged participants). 

Characteristics N=929 

Age (years), mean (SD) 51.6 (8.8) 
Age of MS diagnosis (years), mean (SD) 38.0 (0.31) 
Disease duration since diagnosis (years), median (IQR) 13 (8-18) 
Female sex, n (%) 749 (80.6) 
PDDS (0-8), median (IQR) 2 (0-4) 
Multiple sclerosis phenotype, n (%)  
 Relapsing-remitting    595 (70.5) 
 Secondary-progressive  109 (12.9) 
 Primary-progressive 50 (5.9) 
 Progressive-relapsing 12 (1.4) 
 Unsure 78 (9.2) 
Education level, n (%)  
 Primary school or secondary school 239 (25.9) 
 Occupational certificate or diploma 316 (34.3) 
 University bachelor's degree 215 (23.3) 
 University postgraduate degree 152 (16.5) 
Work status-working for pay, n (%) 467 (50.3) 
Number of comorbidities  
 0       98 (10.5) 
 1 128 (13.8) 
 ≥2 703 (75.7) 
Number of comorbidities that were diagnosed by a doctor  
 0 149 (13.7) 
 1 180 (18.3) 
 ≥2 600 (64.6) 
Number of comorbidities that were being treated  
 0 330 (35.5) 
 1 245 (26.4) 
 ≥2 354 (38.1) 
Number of self-reported comorbidities that limited their activities  
 0 574 (61.8) 
 1 180 (19.4) 
 ≥2 175 (18.8) 
IQR: interquartile range; SD: standard deviation. PDDS: Patient Determined Disease Steps 
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loss per person in the preceding four weeks was highest for participants reporting osteoporosis 

(4.7 days), inflammatory bowel disease (4.7 days), osteoarthritis (3.7 days) and psoriasis (3.6 

days). However, after taking the prevalence of comorbidities into account, the total population 

costs of MS-related work productivity loss were highest for groups of people with depression 

(AUD$33 million per year), allergies (AUD$30 million), anxiety (AUD$28 million), migraines 

(AUD$23 million), and osteoarthritis (AUD$16 million). 
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Figure 4.1. Prevalence of different comorbidities in working-aged (<65 years) Australians with MS 
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Table 4.2. Mean MS-related work productivity loss in working individuals with specific comorbidities. 
 Prevalence among 

MS working 
individuals 

Mean MS-related 
lost productive days 
in the past four 
weeks; days (SD) 

Costs equivalent of MS-related work productivity loss 

 Mean annual costs per 
person 

 Population annual costs in Australiaa 

   AU$ US$ EURO€  AU$ US$ EURO€ 
Total MS working individuals 100.0% 2.3 (4.0) 6862 5055 

 
4642  68 million 50 million  46 million 

MS working individuals without 
comorbidities 

11.6% 1.3 (3.4) 3845 2832 
 

2601  4 million 3 million 3 million 

MS working individuals with any 
comorbidities 

88.4% 2.5 (4.1) 7271 5356 
 

4919  64 million 47 million 43 million 

 MS working individuals with specific comorbiditiesb     
 Depression 40.9% 2.9 (3.9) 8,275 6,095 5,598  33 million 25 million 23 million 
 Allergies 36.2% 2.7 (4.0) 8,346 6,148 5,646  30 million 22 million 20 million 
 Anxiety 43.3% 2.7 (4.4) 6,648 4,897 4,497  28 million 21 million 19 million 
 Migraines 33.0% 2.5 (3.5) 7,185 5,292 4,860  23 million 17 million 16 million 
 Osteoarthritis 13.3% 3.7 (4.3) 12,478 9,191 8,441  16 million 12 million 11 million 
 Anaemia 15.4% 3.4 (5.0) 9,138 6,731 6,182  14 million 10 million 9 million 
 High cholesterol level 19.1% 2.2 (3.8) 7,348 5,413 4,971  14 million 10 million 9 million 
 High blood pressure  23.6% 2.1 (3.6) 5,809 4,279 3,930  14 million 10 million 9 million 
 Osteoporosis 4.5% 4.7 (6.8) 19,429 14,311 13,144  9 million 6 million 6 million 
 Eye disease 9.0% 3.1 (5.3) 9,698 7,144 6,561  9 million 6 million 6 million 
 Psoriasis 9.4% 3.6 (5.4) 8,514 6,271 5,760  8 million 6 million 5 million 
 Cancer 9.6% 2.5 (3.7) 5,208 3,836 3,523  5 million 4 million 3 million 
 Hypothyroidism 6.4% 3.0 (4.2) 6,649 4,898 4,498  4 million 3 million 3 million 
 Inflammatory bowel disease 2.8% 4.7 (2.6) 14,807 10,907  10,017  4 million 3 million 3 million 
 Other autoimmune disorder 3.0% 3.6 (4.3) 10,284 7,575 6,957  3 million 2 million 2 million 
 Heart trouble 3.6% 1.8 (3.6) 5,482 4,038 3,709  2 million 1 million 1 million 
 Hyperthyroidism 2.8% 3.7 (3.8) 5,960 4,390 4,032  2 million 1 million 1 million 



Chapter 4: Comorbidities are prevalent and detrimental for employment outcomes in people of working-age with multiple sclerosis 

70 
 

 

 Type-2 diabetes 2.6% 2.9 (4.1) 6,005 4,423 4,062  2 million 1 million  1 million 
 SD: Standard deviation.  
b Ordered by population costs  
AU$: 2016 Australian dollars; US$: 2016 United States dollars; EURO: 2016 Euros. AU$1 = US$0.7366; AU$1 = EURO€0.6765. 
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4.3.3 Association between comorbidities and work status 

In univariable analyses, higher number of comorbidities, doctor-diagnosed comorbidities, 

comorbidities being treated, and comorbidities that limited activities were all associated with a 

higher likelihood of not working with a dose-response pattern (Table 4.3). Other than for 

number of comorbidities, the associations remained significant after adjusting for age and 

education level. Having two or more comorbidities that limited activities increased the 

prevalence of not working by 21% compared to having no such comorbidity. 

 The number of comorbidities (regardless of how counted) was significantly correlated with 

MS symptom severity. Correlations between number of comorbidities that limited activities 

and MS symptom clusters or symptoms ranged from r=0.17 to 0.34 (all p<0.001). To assess 

whether the associations between comorbidities and work status were mediated by symptom 

severity, we adjusted for one symptom cluster and found that the associations were 

substantially reduced, all becoming small and non-significant (Table 4.3).  

4.3.4 Association between comorbidities and work productivity loss 

Higher number of comorbidities, doctor-diagnosed comorbidities, comorbidities being treated, 

and comorbidities that limited activities were also associated with more MS-related work 

productivity loss with a dose-response pattern (Table 4.4). Since age, sex and education level 

were not significantly associated with work productivity loss, we only provide the results from 

the univariable models. The strongest associations were with number of comorbidities that 

limited activities. For example, compared to those with no comorbidity that limited their 

activities, having one such comorbidity was associated with 19.8% more MS-related work 

productivity loss. A further adjustment for symptom clusters (mediation analysis) reduced the 

associations, suggesting that these associations were mediated by symptom severity (Table 4.4).
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Table 4.3.  Associations between the number of comorbidities and work status among working-aged people with MS and mediation 
effects of MS symptoms on the associations. 

 Associations between the number of comorbidities 
and work status 

 Mediation effects¶ of 
MS symptoms 

 Working 
No. (%) 

Not working 
No. (%) 

 Univariable 
PR (95% CI) 

 Multivariable ǂ 
PR (95% CI) 

 
PR (95% CI) 

Number of comorbidities   
 0-1 124 (26.6) 102 (22.1)  1 (reference)  1 (reference)   
 2-3 187 (40.0) 156 (34.6)  1.02 (0.85 to 1.23)  1.04 (0.88 to 1.23)  0.93 (0.80 to 1.10) 
 ≥ 4 156 (33.4) 199 (43.3)  1.24 (1.05 to 1.48)*  1.11 (0.95 to 1.30)  1.01 (0.87 to 1.18) 
 Test for trend    p=0.005  p=0.160  p=0.524 
Number of comorbidities that were diagnosed by a doctor   
 0-1 177 (37.9) 151 (32.9)  1 (reference)  1 (reference)   
 2-3 188 (40.3) 146 (32.3)  0.96 (0.81 to 1.13)  0.94 (0.81 to 1.10)  0.92 (0.80to 1.07) 
 ≥ 4 102 (21.8) 160 (34.9)  1.33 (1.14 to 1.54)**  1.16 (1.01 to 1.33)*  1.03 (0.91 to 1.17) 
 Test for trend    p<0.001  p=0.032  p=0.446 
Number of comorbidities that were being treated     
 0  196 (42.0) 134 (29.0)  1 (reference)  1 (reference)   
 1 125 (25.7) 125 (27.1)  1.26 (1.05 to 1.50)*  1.25 (1.05 to 1.48)*  1.11 (0.95 to 1.29)  
 ≥ 2 203 (32.3) 203 (43.9)  1.41 (1.21 to 1.65)**  1.29 (1.11 to 1.50)*  1.06 (0.91 to 1.23)  
 Test for trend    p<0.001  p=0.001  p=0.683 
Number of comorbidities that limited their activities   
 0 308 (66.0) 266 (57.6)  1 (reference)  1 (reference)   
 1 86 (18.4) 94 (20.4)  1.13 (0.96 to 1.33)  1.11 (0.95 to 1.29)  0.97 (0.86, 1.10) 
 ≥ 2 73 (15.6) 102 (22.1)  1.26 (1.08 to 1.47)*  1.26 (1.10 to 1.43)*  1.05 (0.97, 1.14) 
 Test for trend    p=0.003  p=0.001  p=0.084 
Data in bold indicate statistical significance; * p<0.05; ** p<0.001. PR: prevalence ratio; CI: confidence interval.  
ǂ Adjusted for age and education level. 
¶Mediation analysis was conducted to evaluate whether the effects of comorbidities on work status were mediated by symptom severity. The reduction in effect size 
after adjusting for symptoms, as shown, suggests  that the  association between comorbidities and work status were mediated through symptom severity. We adjusted 
for symptom cluster “difficulties with walking, balance and spasticity” as this cluster was most strongly associated with work status in the multivariable model. 
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4.4 Discussion 

This study is the first to assess the prevalence of a wide range of comorbidities and how they 

affect employment outcomes in a nationally representative sample of working-aged people 

with MS. Among the Australian working-aged MS population, comorbidities are very common 

(90% with ≥1 morbidity) and many limit people’s activities. Comorbidities were associated 

with more MS-related work productivity loss and a higher likelihood of not working in a dose-

Table 4.4. Associations between the number of comorbidities and MS-related work productivity 
loss in working individuals with MS and mediation effects of MS symptoms on the associations. 

 
Associations between 
comorbidities and MS-related 
work productivity loss 

 Mediation effects¶ of MS 
symptoms 

 No. (%) Coefficient ǂ (95% CI)  Coefficient (95% CI) 

Number of comorbidities    
 0-1 113 (26.3) 0.00 (reference)   
 2-3 176 (40.9) 3.35 (-3.58 to 10.29)  -1.08 (-8.73 to 6.57) 
 ≥ 4 141 (32.8) 14.15 (4.95 to 23.36)*  -0.69 (-8.60 to 7.22) 
 Test for trend  p=0.002  p=0.895 
Number of comorbidities that were diagnosed by a doctor   
 0-1 160 (37.2) 0.00 (reference)   
 2-3 179 (41.6) 5.21 (-0.77 to 11.18)  1.48 (-4.36 to 7.32) 
 ≥ 4 91 (21.2) 21.75 (8.96 to 34.54)*  5.39 (-2.7 to 13.50) 
 Test for trend  p<0.001  p=0.173 
Number of comorbidities that were being treated   
 0  178 (41.4) 0.00 (reference)   
 1 106 (24.7) 5.62 (-2.11 to 13.34)  0.57 (-6.95 to 8.10) 
 ≥ 2 146 (34.0) 13.54 (5.14 to 21.93)*  -1.57 (-9.02 to 5.88) 
 Test for trend  p=0.001  p=0.785 
Number of comorbidities that limited their activities   
 0  286 (66.5) 0.00 (reference)   
 1 81 (18.8) 19.77 (8.30 to 31.24)*  10.87 (2.39 to 19.35)* 
 ≥ 2 63 (14.7) 26.16 (11.83 to 40.49)**  3.59 (-3.65 to 10.83) 
 Test for trend  p<0.001  p=0.085 
Data in bold indicate statistical significance; * p<0.05; ** p<0.001. CI: confidence interval.  
ǂ Interpretation: the average marginal effects of covariates on work productivity loss (expressed in %) from estimation of the 
Cragg hurdle regression.  
¶Mediation analysis was conducted to evaluate whether the effects of comorbidities on work prodcutivity loss were mediated by 
symptom severity. The reduction in effect size after adjusting for symptoms, as shown, suggests that the association between 
comorbidities and work productivity loss were mediated through symptom severity.  We adjusted for the symptom clusters 
“fatigue and cognitive symptoms”, “pain and sensory symptoms” and “difficulties with walking, balance and spasticity” as these 
were most strongly associated with MS-related work productivity loss in the multivariable model.   
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dependent fashion. The largest effects were seen for those comorbidities that limited activities 

- having even one such comorbidity was associated with 19.8% more productivity loss. From 

the societal perspective, comorbidities contributed to substantial indirect costs, with annual 

costs per person associated with MS-related work productivity loss up to AU$7,271 for those 

with any comorbidities vs AU$3,845 for those without comorbidities. These effects were 

mainly mediated through symptom severity. This suggests that the optimal and simultaneous 

management of comorbidities may be a viable strategy to reduce MS symptom load, which in 

turn could improve employment outcomes. Enhancing patient care for better management of 

comorbidities and MS warrants further consideration to maximise the clinical and social 

benefits. 

Our finding that both physical and psychological comorbidities were very common in working-

aged people with MS is consistent with the literature on total MS populations1,2,5,8 or on the 

MS working-aged population4,9. Importantly, we found depression and anxiety being the most 

common. Moreover, the population costs associated with MS-related work productivity loss 

were highest for those who also reported depression (AU$33 million) or anxiety (AU$28 

million) and they often limited people’s activities. Symptom overlap is argued to be one reason 

for depression and anxiety remaining the most underdiagnosed and undertreated 

comorbidities29. While the prevalence of physical comorbidities often increase significantly 

with age, the prevalence of depression and anxiety do not differ markedly with age3. They are 

therefore likely to occur across the whole working life span. Moreover, depression and anxiety 

can negatively impact people’s quality of life and other MS symptoms, such as fatigue and 

cognitive function30,31. Considering the significant impacts and persistent high prevalence, our 

findings support the notion that early and routine screening for anxiety and depression should 

be conducted in people with MS 2,7,32, irrespective of whether they are caused by MS or occur 

independently of MS.  
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A substantial proportion of people with comorbidities reported that their comorbidities limited 

their activities (osteoarthritis 51%, migraines 40%, anxiety 33%, and depression 29%). 

Associations between comorbidities and employment outcomes suggest that comorbidities 

explain part of the variation in the lower employment rate and work productivity loss in MS 

population. Not surprisingly, the biggest effects were found for comorbidities that limited 

activities. Due to work productivity loss at the individual level and their high prevalence in the 

population, comorbidities have considerable indirect costs for the employer and society at-large. 

Our association between increased number of comorbidities and lower prevalence of 

employment is in line with a study that found that comorbidities were associated with an 

increased risk of disability pension in people with MS4. These all suggest that effective 

management of comorbidities would not only bring personal benefits but also contribute to 

significant societal benefits.  In addition, greatest emphasis should be laid on comorbidities 

that are more likely to cause activity limitations.  

Building on our previous work that indicated the strong dominance of MS symptom severity 

for employment outcomes10, we illustrate here that the dose-dependent associations between 

comorbidities and employment outcomes were mostly mediated through MS symptom severity 

as associations became non-significant or reduced dramatically after adjustment for symptom 

severity. With this cross-sectional analysis, it is theoretically possible that poor work outcomes 

may have worsened some (psychological) symptoms and comorbidities. However, we believe 

that our findings suggest that comorbidities affected employment outcomes by worsening MS 

symptom severity. Overlapping symptomatology between some comorbidities and MS may 

explain the mediation effects. Consequently, acknowledging the potential impacts of 

comorbidities on overall symptom load in people with MS is important for clinical practice. 

Increased awareness of comorbidities may enhance the identification of factors affecting 
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symptom severity, thus contributing to optimising symptom management and improving 

employment outcomes for people with MS.  

Based on our findings and in keeping with previous literature, the question now is how to 

optimize health outcomes for people with comorbidities in MS. Provision of timely and well-

coordinated health care, focusing on health problems caused by both MS and comorbidities, 

would be beneficial. This requires adoption of the wholistic care of people with MS, which 

aims to maintain wholistic health or enhance wholistic healing33. Although integrated and 

coordinated care with a multidisciplinary approach has been recommended in caring for people 

with MS34, only a limited number of studies assessed methods of coordinating MS care35. 

Moreover, there is also a lack of incorporated management of comorbidities into the 

development of health care models for MS3.  Further research is needed to develop effective 

health care models through a collaboration between specialists, nurses and general practitioners 

for improving health outcomes of people with comorbidities in MS. 

The major strength of our study is its large nationally representative sample. While selection 

bias may have occurred, no significant differences in age of MS diagnosis, sex and education 

level were observed, and those included were only slightly older and had a slightly longer MS 

duration compared to those not included. Although we were unable to compare all MS-related 

characteristics between those included with those not included, our study sample also shows 

similarities in MS subtype and sex compared to other MS natural history cohort studies36, 

providing additional evidence for the representativeness of our sample. Furthermore, we 

incorporated a wide range of comorbidities rather than limiting to specific groups of 

comorbidities, such as vascular or psychiatric comorbidities, as most others have done1,7,37,38. 

Additionally, we used different ways of counting comorbidities, including overall number, 

doctor-diagnosed, those being treated, and those limiting activities, all providing a consistent 

picture and contributing to a more detailed knowledge of comorbidities. A limitation was that 
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comorbidities were self-reported, which might have caused some measurement error and this 

could have been variable across conditions. Also, we asked participants whether they have or 

have had a comorbidity which might have overestimated the prevalence of some comorbidities 

if the comorbidity was no longer present. However, most of the assessed comorbidities were 

chronic conditions that are unlikely to be cured so this is unlikely to have affected our estimates 

much. In addition, we capture part of any variation in disease status by also assessing the effect 

of comorbidities on activities. It should also be noted that the income data were collected 

several months prior to the work productivity measures, but since people’s income is unlikely 

to fluctuate strongly over that time, it is unlikely to affect our cost estimates much. Lastly, 

caution must be taken in the interpretation of the MS-related work productivity loss and cost 

estimates for each individual comorbidity. The estimate might not truly reflect costs purely of 

each single comorbidity as it was an average estimate among people with a particular 

comorbidity. Individual participants could have had any of the range of additional 

comorbidities and we cannot separate the contributions of these in our estimate of the costs of 

each individual comorbidity. 

To conclude, comorbidities are common in the working-aged MS population and significantly 

impact work status and work productivity. The mediating effects of symptom severity on the 

associations between comorbidities and employment outcomes indicate the inter-relatedness 

of MS and comorbidities in determining symptom severity. This suggests that effective 

simultaneous management of MS and comorbidities could reduce symptoms and ultimately 

improve employment outcomes. In clinical practice, early and ongoing assessment of 

comorbidities should be applied to the routine care for people with MS. To better meet the 

complex needs of patients and to optimise their health and employment outcomes, further 

research is required to develop and implement effective healthcare models. 
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Chapter 5: The effects of multiple sclerosis disease-modifying 

therapies on employment measures using patient-reported data 

5.1 Introduction 

People with multiple sclerosis (MS) often change job roles, reduce working hours, and 

sometimes leave their employment earlier due to MS.1-3 Indirect costs associated with these 

productivity losses account for a significant component of total societal costs for MS (48% in 

Australia,4 and 37.2% in the US5). Apart from time absent from work, employees with MS 

could also experience reduced productivity while at work (presenteeism),6,7 imposing a 

significant burden on employers and society, as well as indirectly on the individuals. 

Although no treatment is currently available to reverse the progressive disability accumulation 

in MS, clinical trials of disease-modifying therapies (DMTs) have shown positive effects on 

relapse rate with some also showing decreased rates of short-term disability progression in 

relapsing-remitting MS (RRMS).8,9 Few studies have evaluated the effects of DMTs on 

patient-reported outcomes, such as patient-reported symptom severity or employment 

outcomes10,11 (employment status, working hours or work productivity). Demonstrating 

beneficial effects on these outcomes beyond traditional clinical outcomes of disease activity 

(disability, relapse, and MRI outcomes) is important, as these measures can provide different 

and meaningful metrics that could improve our understanding of the effectiveness and possibly 

cost-effectiveness of these expensive therapies.  

We have recently shown that the employment rate of Australians with MS has increased from 

48.8% in 2010 to 57.8% in 2013.12 The factors associated with this encouraging improvement 

are largely unclear but increased availability of more potent DMTs may be an important 

contributor.13 However, the differential effects of currently available DMTs on improving 

work ability for people with MS remains unknown. DMT drug trials generally do not measure 
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employment outcomes, nor do the large clinical registries that can do head-to-head 

comparisons such as MSBase. National observational studies or registries with large sample 

sizes that can capture a wide range of DMTs and employment outcomes may advance our 

understanding of the overall effects of DMTs and the effects of individual or groups of DMTs 

on employment outcomes in the real world setting and potentially inform clinical practice and 

future research. 

We used a nationally representative sample of people with MS and asked those who used 

DMTs in the previous five years whether their DMTs resulted in any changes in work-related 

outcomes. The aim of this study was to compare the effects of DMTs on improving the work 

attendance, amount of work and work productivity.  

5.2 Methods 

5.2.1 Study population and data collection 

Individuals included in this study were participants in the Australian MS Longitudinal Study 

(AMSLS), which is an ongoing research project established in 2002 with a representative 

sample of Australians with MS.14 Currently, there are more than 3,000 active participants in 

AMSLS, of whom approximately 96% have been diagnosed with definite MS according to the 

McDonald criteria.15,16 Ethical approval was obtained from the Australian Capital Territory 

Health Human Research Ethics Committee until 2014 when the AMSLS was relocated to 

Tasmania and then ethical approval was obtained from the Tasmanian Health and Medical 

Human Research Ethics Committee; all participants provided informed consent. 

In November 2015, the AMSLS conducted a survey to assess disease outcomes and DMT use 

of participants. Invitation were sent to all 3,208 active participants (2,185 online surveys, 1,023 

paper surveys) and 1,985 (61.8%) participants completed this survey (1,459 online, 526 paper). 

As we aim to assess effects of DMTs on employment outcomes, the inclusion criteria of 
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participants were people with MS who had used DMTs and who had been employed in the 

study period. Thus, we excluded those who did not use a DMT between 2010 and the survey 

(n=556) and those who answered “Not applicable” to the relevant questions (n=324) or who 

did not answer the questions (mostly because they were not applicable) (n=226). Lastly, we 

excluded those whose duration of DMTs use was <30 days (n=5). This left 874 participants for 

our analysis. 

5.2.2 Study outcomes and other assessments 

DMT use from 2010 to 2015  

Respondents reported their past and current DMT use since 2010, including month and year 

they started and stopped a DMT. If they stopped a DMT, the reasons why they stopped were 

queried, including: (1) lost effectiveness indicated by neurologist or other treating doctor; (2) 

developed contra-indications (e.g. detected antibodies to β-interferon, JC virus positivity, 

cardiac problems, or allergic reaction); (3) side effects (e.g. flu-like symptoms, injection-site 

reactions, reactions after injection, or other effects/abnormalities); (4) pregnancy or 

breastfeeding reasons; (5) personal reasons (e.g. tired of injections, do not believe it is working, 

or difficulty with treatment access etc.).  

There were 11 approved DMTs available and publicly subsidised for use in Australia presented 

as a list in the survey. They were interferon β-1b (Betaferon), interferon β-1a (Rebif), interferon 

β-1a (Avonex), pegylated interferon β-1a (Plegridy), glatiramer acetate (Copaxone), 

natalizumab (Tysabri), fingolimod (Gilenya), teriflunomide (Aubagio), dimethyl fumarate 

(Tecfidera), alemtuzumab (Lemtrada), and mitoxantrone (Novantrone). 

To reduce the number of categories of DMTs in subsequent regression analysis, we classified 

the 11 DMTs into three broad categories based on their recognised clinical efficacy from 

pivotal clinical trials9,13,17,18, and route of administration. The category 1 DMTs included β-

interferons (Betaferon, Rebif, Avonex and Plegridy) and glatiramer acetate, which are the 
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classical injectable DMTs; the category 2 DMTs included the oral therapies, teriflunomide and 

dimethyl fumarate; and the category 3 DMTs included the putative higher efficacy DMTs, 

fingolimod, natalizumab, alemtuzumab and mitoxantrone, which are all given by infusion 

except for fingolimod. We also undertook direct comparisons between the most commonly 

used DMTs. 

Employment outcomes 

Three outcome variables characterised patient-reported effects of DMTs use on employment. 

In separate questions, we asked whether the use of a DMT contributed to a change at any time 

point in the last five years in the amount they worked with an employer (no real changes 

observed; increased working hours or contributed to decision to return to work; reduced 

working hours or contributed to decision to stopping working), a change in attendance at work 

(no real changes observed; missed less hours from work; missed more hours from work) and a 

change in productivity in performing work duties (no real changes observed; increased ability 

to perform work duties; reduced ability to perform work duties). Lastly, we asked participants 

to identify which DMTs contributed to the above changes they reported and they could report 

more than one DMT. If a DMT had not been identified, we assumed that DMT had not 

contributed to any change in employment outcomes. 

Participants characteristics 

We utilised information on age, sex, and MS diagnosis year collected in previous AMSLS 

surveys. In the 2015 survey, participants reported current MS phenotype, education level and 

their employment status. The Patient Determined Disease Step Scale (PDDS), a validated and 

simple tool to measure disability by patient self-assessment19-22(scored from 0-8) was used.  

A PDDS score of 0 represents no disability and is equivalent to an EDSS score of 0. A PDDS 

score of 3 reflects gait disability without the need for assistance to walk and is approximately 

equivalent to an EDSS score of 4.0-4.5. PDDS scores of 4 (early cane), 5 (late cane) and 6 
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(bilateral support) indicate the need for assistance in walking, which are approximately 

equivalent to EDSS scores of 6-6.5. Similar to EDSS, score 7 indicates wheelchair bound and 

8 indicates bedridden.19 Fatigue was measured by the Fatigue Severity Scale.23 Depression 

and anxiety were measured by the Hospital Anxiety & Depression Scale.24 

5.2.3 Statistical analysis 

Means and standard deviation of continuous variable, and percentage and frequencies of 

categorical variables are reported to summarise the characteristics of participants. To compare 

the difference in patients’ characteristics between treatment groups, analysis of variance and 

covariance (ANOVA) or chi-square test were used. The exposure of interest was type of DMT. 

Log multinomial regression was used to estimate risk ratios (RR) with standard errors adjusted 

for within-individual variation that arose because these were repeated observations on some 

individuals. The outcome was one of amount of work, work attendance and work productivity 

with three categories (decrease, no change, increase) in each case. No change was treated as 

the outcome. Observations with missing data of any variable were excluded from regression 

analysis. A p-value<0.05 (two-tailed) was considered as statistically significant. All statistical 

analyses were performed using Stata/SE version14. 

5.3 Results 

5.3.1 Characteristics of respondents 

The average age of participants was 49.7 years, and 81.8% being female (Table 5.1). The mean 

MS duration since diagnosis was 11.4 years, and the majority (81%) were of the relapsing-

remitting MS phenotype. At the time of survey, 72% of participants were still working, of 

whom 37% worked full-time for an employer. More than half (55%) of participants had used 

more than one DMT during the preceding five years and 90% of the total sample were using a 

DMT at the time of the survey. Overall, 70-80% of participants reported that DMTs did not 
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change their employment outcomes, with 10-20% reporting an increase across the three 

employment outcomes and 6-10% reporting a decrease.  

Compared to non-respondents, the respondents of the survey were slightly older (+2.2 years, 

p<0.01), had a longer MS duration since diagnosis (+0.58 years, p=0.04) and a slightly higher 

education level (36% with bachelor or postgraduate degree in respondents vs. 31% in non-

respondents, p=0.01) but no difference in sex (p=0.47). 

5.3.2 DMT treatment from 2010 to 2015 

The repeated measures dataset consisted of 1,384 DMT observations (Table 5.2). Glatiramer 

acetate accounted for 32.3% of the total 706 category 1 DMTs observations with the rest being 

β-interferon formulations. Category 3 DMTs were mainly represented by fingolimod (59.9%) 

and natalizumab (35.4%).  

The reasons for ceasing a DMT differed between DMT categories (Table 5.2). While loss of 

effectiveness comprised 30-40% of reasons for ceasing a DMT for all categories, other reasons 

varied across DMTs types: development of contraindications was the most common reason for 

discontinuing category 3 DMTs (49.2%), while side effects was the reason for over half of 

category 2 DMTS (58.7%), and personal reasons was the rationale for 30.0% of category 1 

DMTs.  

The DMT treatment patterns among the study population changed from 2010 to 2015 (Figure 

5.1) with the percentage of people using category 1 DMTs reducing (except for pegylated 

interferon) and the percentage of people using category 2 and category 3 DMTs increasing. 

Fingolimod experienced the most dramatic increase while natalizumab is merely flat. 
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Table 5.1. Characteristics of participants of AMSLS who reported using at least one DMT in the past 
5 years and impacts of DMTs on their employment. 

Characteristics N=874 

Mean age, years (SD) 49.7 (9.7) 
MS duration since diagnosis, years (SD) 11.5 (6.4) 
Female sex, n (%) 717 (82.0) 
Education level, n (%)  
 Primary school or secondary school 169 (19.4) 
 Occupational certificate or diploma 292 (33.5) 
 University bachelor's degree 241 (27.6) 
 University postgraduate degree 171 (19.6) 
MS phenotype, n (%)  
 Primary progressive MS 19 (2.3) 
 Relapsing remitting MS 711 (81.5) 
 Secondary progressive MS 76 (8.7) 
 Progressive relapsing MS 15 (1.7) 
 Unsure 51 (5.9) 
Employment status, n (%)  
 Full-time employed 225 (26.4) 
 Part-time employed 288 (33.8) 
 Self-employed 96 (11.3) 
 Unemployed but seeking work 34 (4.0) 
 Not in the labour force* 151 (17.6) 
PDDS, median (IQR) 1 (0-3) 
FSS, median (IQR) 4.3 (2.9-5.6) 
HADS depression, median (IQR) 5 (2-8) 
HADS anxiety, median (IQR) 7 (4-10) 
Number of participants currently using a DMT, n (%) 792 (90.6) 
Number of participants who had used more than one DMTs since 2010, n (%) 476 (54.5) 
Reported effects of DMT on amount of work  
 No real change observed 659 (80.1) 

 Increased working hours with the same or different 
employer/decision to return to work 88 (10.8) 

 Reduced working hours with same or different employer/decision 
to stop working 71 (8.7) 

Reported effects of DMT on work attendance  
 No real change observed 619 (80.3) 
 Missed less hours from work 76 (9.9) 
 Missed more hours from work 76 (9.9) 
Reported effects of DMT on work productivity  
 No real change observed 609 (75.8) 
 Increased ability to perform work duties 144 (17.9)  
 Decreased ability to perform work duties 50 (6.2) 
*Included those retired, home management and unemployed but not seeking a job. IQR: 
interquartile range; SD: standard deviation. PDDS: Patient Determined Disease Steps; FSS: Fatigue 
Severity Scale; HADS: Hospital Anxiety and Depression scale 
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Figure 5.1. Percentage of people using DMTs by year (2010 to 2015) among the study 
population.
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Table 5.2. Characteristics by DMT categories in the repeated-measures dataset of 1,384 DMT observations with P-values for differences by DMT 
categories. 
    Category 1 

DMTs  Category 2 DMTs  
Category 3 

DMTs P value 
  N=706 N=187 N=491  
DMT characteristics       
DMT type, n (%):      - 
 Interferon β-1b (Betaferon) 191 (27.1)  -  - - 
 Interferon β-1a (Rebif) 121 (17.1)  -  - - 
 Interferon β-1a (Avonex)  136 (19.3)  -  - - 
 Pegylated interferon β-1a (Plegridy) 30 (4.3)  -  - - 
 Glatiramer acetate (Copaxone) 228 (32.3)  -  - - 
 Teriflunomide (Aubagio) -  47 (25.1)  - - 
 Dimethyl fumarate (Tecfidera) -  140 (74.9)  - - 
 Fingolimod (Gilenya) -  -  294 (59.9) - 
 Alemtuzumab (Lemtrada)   -  -  18 (3.7) - 
 Natalizumab (Tysabri) -  -  174 (35.4) - 
 Novantrone (Mitoxantrone) -  -  5 (1.0) - 
DMTs that had been ceased, n (%) 440 (62.3)  46 (24.6)  132 (26.9) <0.001 
Reasons for ceasing a DMT       

  Lost effectiveness indicated by neurologists or treating                                                                 174 (39.6)  18 (39.1)  39 (29.6) 0.111    doctor 
  Developed contra-indications 18 (4.1)  6 (13.4)  65 (49.2) <0.001 
  Side effects 128 (29.1)  27 (58.7)  18 (13.6) <0.001 
  Pregnancy or breastfeeding reasons  18 (4.1)  0 (0.0)  7 (5.3) 0.289 
  Personal reasons 132 (30.0)  19 (19.6)  9 (6.8) <0.001 
Participants characteristics when starting a DMT       
Mean age when initiating the DMT assessed in the study,  42.4 (10.1)  48.6 (10.2)  44.1 (9.7) <0.001  years (SD) 
Mean MS duration since diagnosis when initiating                 1 (0-4)  9 (5-14)  7 (3-11) <0.001  the DMT assessed in the study, median (IQR) (years)                                                           
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Duration of DMT use, median (IQR) (months) 68 (30- 127)  18 (7-24)  31 (17-51) <0.001 
Female sex, n (%) 585 (82.9)  151 (80.8)  401 (81.7) 0.752 
Education level, n (%):      0.915 
 Primary or secondary school 126 (17.9)  36 (19.3)  97 (19.8)  
 Occupational certificate 232 (32.9)  68 (36.4)  163 (33.3)  
 University bachelor's degree 213 (30.2)  51 (27.3)  142 (29.0)  
 University postgraduate degree 135 (19.1)  32 (17.2)  88 (18.0)  
IQR: interquartile range; SD: standard deviation 
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5.3.3 Association between DMTs and employment outcomes 

Compared to users of category 1 DMTs, the probability of reporting increased amount of work 

(Table 5.3), work attendance (Table 5.4) and work productivity (Table 5.5) was significantly 

higher in users of category 3 DMTs. The associations strengthened after adjustment for 

duration of DMT use and age. Sex and education did not confound the associations as they 

were not significantly associated with DMT type. For example, compared to users of category 

1 DMTs, users of category 3 DMTs were 2.84 times more likely to report an increased amount 

of work, 3.14 times more likely to report an increased work attendance and 2.50 times more 

likely to report an improved work productivity. In terms of decreased employment outcomes, 

the probability of reporting decreased work attendance and work amount were slighter higher 

among category 3 DMTs users but the difference was not statistically significant in the 

multivariable analysis.   

We next compared the effects of individual DMTs that had sufficient observations (glatiramer 

acetate, fingolimod, dimethyl fumarate and natalizumab) against β-interferon formulations. 

Fingolimod and natalizumab consistently exerted significantly greater effects on the perceived 

improvements in the three employment outcomes with natalizumab showing the largest effect 

size. Glatiramer acetate and dimethyl fumarate performed equally well compared to β-

interferons formulations. The direct comparison between fingolimod and natalizumab (Table 

5.3-5.5) shows that no significant difference was found in improving work amount but 

natalizumab users were 1.76 times more likely to report an increase in work attendance and 

1.46 times more likely to report an increase in work productivity compared to those used  

fingolimod. Those using natalizumab were 3.14 times more likely to experience decreased 

work attendance.
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Table 5.3. Patient-reported effects of DMTs on amount of work 

  No. (%) 
reporting no 
changeǂ 

No. (%) 
reporting 
increase 

No. (%) 
reporting 
decrease  

 Reporting increase vs. 
reporting no change 

 Reporting decrease vs. 
reporting no change 

   RR 95% CI  RR 95% CI 
Comparing effects between different DMT categories        
Univariable model          
 Category 1 DMTs 603 (90.1) 36 (5.4) 30 (4.5)  1 (reference)  1 (reference) 
 Category 2 DMTs 156 (89.7) 7 (4.0) 11 (6.3)  0.75 (0.35 to 1.60)  1.41 (0.72 to 2.77) 
 Category 3 DMTs 381 (82.5) 55 (11.9) 26 (5.6)  2.21 (1.47 to 3.32) *  1.26 (0.78 to 2.03) 
 Test for trend      p<0.001   p=0.326 
Multivariable model, adjustment for duration of DMT use & age       
 Category 1 DMTs     1 (reference)  1 (reference) 
 Category 2 DMTs     1.46 (0.62 to 3.43)  1.28 (0.65 to 2.55) 
 Category 3 DMTs     2.84 (1.90 to 4.25)**  1.17 (0.67 to 2.00)  
 Test for trend      p<0.001   p=0.590 
Comparing effects between individual DMTs        
Univariable model          
 β-interferons 370 (88.5) 25 (6.0) 25 (6.0)  1 (reference)  1 (reference) 
 Glatiramer acetate 203 (91.9) 11 (5.0) 11 (5.0)  0.83 (0.40 to 1.73)  0.58 (0.26 to 1.29) 
 Dimethyl fumarate 119 (90.8) 4 (3.1) 4 (3.1)  0.51 (0.18 to 1.44)  1.11 (0.52 to 2.38) 
 Fingolimod 236 (84.9) 30 (10.8) 30 (10.8)  1.80 (1.13 to 2.87)*  0.78 (0.40 to 1.53) 
 Natalizumab 126 (78.3) 22 (13.7) 22 (13.7)  2.28 (1.34 to 3.89)*  1.47 (0.79 to 2.72) 
Multivariable model, adjustment for duration of DMT use & age        
 β-interferons     1 (reference)  1 (reference) 
 Glatiramer acetate     0.92 (0.43 to 1.96)  0.53 (0.24 to 1.20) 
 Dimethyl fumarate     1.04 (0.35 to 3.09)  0.83 (0.35 to 1.97) 
 Fingolimod     2.57 (1.59 to 4.17)**  0.68 (0.31 to 1.51) 
 Natalizumab     2.76 (1.52 to 4.38)**  1.21 (0.61 to 2.40) 
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Head-to-head comparison between fingolimod and natalizumab       
Univariable model          
 Fingolimod     1 (reference)  1 (reference) 
 Natalizumab     1.27 (0.80 to 2.02)  1.87 (0.87 to 4.04) 
Multivariable model, adjustment for duration of DMT use & age       
 Fingolimod     1 (reference)  1 (reference) 
 Natalizumab     1.09 (0.67 to 1.78)  1.53 (0.65 to 3.57) 
 ǂBase outcome to calculate risk ratio. RR: risk ratio; CI: confidence interval.  Data in bold indicate statistical significance; * P value <0.05; ** P value <0.001 

 

 

Table 5.4. Patient-reported effects of DMTs on work attendance 

  No. (%) 
reporting no 
changeǂ 

No. (%) 
reporting 
increase 

No. (%) 
reporting 
decrease  

 Reporting increase vs. 
reporting no change 

 Reporting decrease vs. 
reporting no change 

   RR 95% CI  RR 95% CI 
Comparing effects between different DMTs categories        
Univariable model          
 Category 1 DMTs  582 (91.2) 26 (4.1) 30 (4.7)  1 (reference)  1 (reference) 
 Category 2 DMTs 149 (89.8) 8 (4.8) 9 (5.4)  1.18 (0.57 to 2.47)  1.15 (0.52 to 2.57) 
 Category 3 DMTs 348 (80.62) 51 (11.8) 33 (7.6)  2.90 (1.83 to 4.86)**  1.62 (1.02 to 2.60)* 
 Test for trend      p<0.001   p=0.045 
multivariable model, adjustment for duration of DMT use & age       
 Category 1 DMTs     1 (reference)  1 (reference) 
 Category 2 DMTs     1.57 (0.66 to 3.72)  0.80 (0.37 to 1.74) 
 Category 3 DMTs     3.14 (1.98 to 5.00)**  1.46 (0.89 to 2.41) 
 Test for trend      p<0.001   p=0.127 
Comparing effects between individual DMTs        
Univariable model          
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 β -interferons 360 (90.0) 17 (4.3) 23 (5.8)  1 (reference)  1 (reference) 
 Glatiramer acetate 196 (93.3) 9 (4.3) 5 (2.4)  1.01 (0.43 to 2.35)  0.41 (0.16 to 1.09) 
 Dimethyl fumarate 109 (89.3) 6 (4.9) 7 (5.7)  1.16 (0.47 to 2.88)  1.00 (0.43 to 2.30) 
 Fingolimod 225 (86.9) 24 (9.3) 10 (3.9)  2.18 (1.25 to 3.82)*  0.67 (0.32 to 1.40) 
 Natalizumab 111 (73.0) 24 (15.8) 17 (11.2)  3.72 (2.05 to 6.73)**  1.95 (1.09 to 3.48)* 
Multivariable model, adjustment for duration of DMT use & age       
 β -interferons     1 (reference)  1 (reference) 
 Glatiramer acetate     1.03 (0.43 to 2.49)  0.35 (0.13 to 0.94)* 
 Dimethyl fumarate     1.47 (0.54 to 3.99)  0.56 (0.24 to 1.31) 
 Fingolimod     2.36 (1.33 to 4.20)*  0.50 (0.23 to 1.09) 
 Natalizumab     3.91 (2.16 to 7.10)**  1.67 (0.91 to 3.08) 
Head-to-head comparison between fingolimod and natalizumab      
Univariable model         
 Fingolimod     1 (reference)  1 (reference) 
 Natalizumab     1.70 (1.03 to 2.81)*  2.90 (1.35 to 6.18)* 
Multivariable model, adjustment for duration of DMT use & age      
 Fingolimod     1 (reference)  1 (reference) 
 Natalizumab     1.76 (1.02 to 3.03)*  3.14 (1.48 to 6.70)* 
ǂ Base outcome to calculate risk ratio. RR: risk ratio; CI: confidence interval. Data in bold indicate statistical significance; * P value <0.05; ** P value <0.001 
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Table 5.5. Patient-reported effects of DMTs on work productivity 

  No. (%) 
reporting no 
changeǂ 

No. (%) 
reporting 
increase 

No. (%) 
reporting 
decrease  

 Reporting increase vs. 
reporting no change 

 Reporting decrease vs. 
reporting no change 

   RR 95% CI  RR 95% CI 
Comparing effects between different DMTs categories        
Univariable model          
 Category 1 DMTs 570 (87.0) 58 (8.9) 27 (4.1)  1 (reference)  1 (reference) 
 Category 2 DMTs 146 (85.9) 17 (10.0) 7 (4.1)  1.13 (0.68 to 1.86)  1.00 (0.30 to 1.90) 
 Category 3 DMTs 342 (76.0) 90 (20.0) 18 (4.0)  2.26 (1.64 to 3.10)**  0.97 (0.45 to 1.48) 
 Test for trend      p<0.001   p=0.917 
Multivariable model, adjustment for duration of DMT use & age       
 Category 1 DMTs     1 (reference)  1 (reference) 
 Category 2 DMTs     1.38 (0.81 to 2.37)  0.76 (0.44 to 1.58) 
 Category 3 DMTs     2.50 (1.81 to 3.44)**  0.82 (0.28 to 1.63) 
 Test for trend      p<0.001   p=0.511 
Comparing effects between individual DMTs        
Univariable model          
 β -interferons 354 (84.9) 38 (9.3) 23 (5.6)  1 (reference)  1 (reference) 
 Glatiramer acetate 216 (91.1) 18 (8.2) 3 (1.4)  0.88 (0.50 to 1.56)  0.24 (0.07 to 0.80)* 
 Dimethyl fumarate 122 (87.8) 11 (8.6) 5 (3.9)  0.92 (0.50 to 1.72)  0.69 (0.27 to 1.80) 
 Fingolimod 230 (79.6) 46 (17.3) 11 (4.1)  1.85 (1.27 to 2.70)*  0.73 (0.39 to 1.39) 
 Natalizumab 128 (73.1) 39 (24.1) 7 (4.3)  2.59 (1.71 to 3.92)**  0.77 (0.34 to 1.71) 
Multivariable model, adjustment for duration of DMT use & age       
 β -interferons     1 (reference)  1 (reference) 
 Glatiramer acetate     0.93 (0.52 to 1.66)  0.21 (0.06 to 0.68)* 
 Dimethyl fumarate     1.10 (0.58 to 2.09)  0.41 (0.15 to 1.10) 
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 Fingolimod     2.02 (1.36 to 2.98)**  0.57 (0.27 to 1.21) 
 Natalizumab     2.88 (1.90 to 4.36)**  0.51 (0.20 to 1.30) 
Head-to-head comparison between fingolimod and natalizumab       
Univariable model          
 Fingolimod     1 (reference)  1 (reference) 
 Natalizumab     1.40 (0.97 to 2.01)  1.05 (0.44 to 2.52) 
Multivariable model, adjustment for duration of DMT use & age       
 Fingolimod     1 (reference)  1 (reference) 
 Natalizumab     1.46 (1.02 to 2.10)*  0.85 (0.28 to 2.54) 
ǂBase outcome to calculate risk ratio. RR: risk ratio; CI: confidence interval. Data in bold indicate statistical significance; * P value <0.05; ** P value <0.001 
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5.4 Discussion 

This large national observational study used employment outcomes as indicators of overall 

functioning to assess the effects of a wide range of DMTs, providing evidence from the real 

world practice. Our findings consistently showed that those who used higher efficacy DMTs 

(e.g. fingolimod and natalizumab) were 2 to 3-times more likely to report that DMTs increased 

their amount of work, work attendance and work productivity compared to patients who used 

classical injectable DMTs (β-interferons and glatiramer acetate in our study). Our findings are 

corroborated by the indirect evidence that the increase in use of higher efficacy DMTs since 

2010 aligns with the increased employment rates of people with MS in Australia from 2010 to 

201312. Taken together, our study suggest that prescribing higher efficacy DMTs to people with 

RRMS, particularly those of working age, may bring them significant benefits in work 

productivity and workforce participation compared to the classical first line injectable DMTs. 

Our data suggest that the cost-effectiveness of DMTs from a societal perspective may increase 

once their effects on employment outcomes are taken into account. 

To the best of our knowledge, this is the first study that examines the effect of multiple DMTs 

on employment outcomes, including head-to-head comparisons. For working-aged adults, 

employment provides income, self-identity, and is associated with a higher quality of life. 

However, people with MS are often challenged in their work performance and may need to 

retire early due to MS-related symptoms.3 Consequently, the benefits of DMTs on employment 

may reflect the efficacy of DMTs on controlling disease activity and symptoms. Our results 

are matched by the consistency between the transition from injectable DMTs to higher efficacy 

DMTs and the increased trend of labour force participation in Australians with MS after 2010, 

which indeed seems to suggest that higher efficacy DMTs may have helped people with MS to 

manage their disease more effectively. Moreover, DMTs are generally considered to be 
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expensive drugs,25 and the major direct medical costs in MS patients arise from DMTs.26 Our 

study supports the notion that randomised controlled trials and long-term observational studies 

should include employment outcomes, as this would provide a more complete picture of health 

economic impacts of DMTs.  

Our study demonstrated the superior efficacy of natalizumab and fingolimod on patient-

reported employment outcomes compared to β-interferons, glatiramer acetate and dimethyl 

fumarate, which is consistent with the limited evidence of the effects of DMTs on clinical 

outcome measures. A Cochrane review systematically evaluated the pivotal RCTs of 15 DMTs 

aiming to rank the associated effectiveness of those DMTs.9 It revealed that alemtuzumab, 

natalizumab and fingolimod are more effective than the other DMTs in preventing relapses in 

people with RRMS. An observational study from France also showed a superior efficacy of 

fingolimod to injectable DMTs in second line therapy of RRMS in reducing relapse and 

slowing EDSS progression.27 In terms of a head-to-head comparison between natalizumab and 

fingolimod, our study demonstrated that natalizumab might be more effective in improving 

employment outcomes than fingolimod, which seems consistent with two recent observational 

studies.28,29 An international prospective study using MSBase found that switching to 

natalizumab was more effective than switching to fingolimod in reducing relapse and short-

term disability burden for active RRMS.29 Similarly, a multicentre study from France showed 

superior beneficial effects of natalizumab to fingolimod on relapse and MRI outcomes at 1 and 

2 years.28 Currently, few studies have assessed the effects of DMTs on symptoms and 

employment outcomes. More head-to-head studies using outcomes from the patients’ 

perspective such as employment and symptoms are needed as it would be useful to both guide 

clinical practice and inform decision makers. 

Strengths of our study include the large sample size and the representativeness of the working 

sample.14 A limitation is that we asked people to retrospectively report the effects of DMTs on 
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their employment, which may be influenced by the patient’s belief in a treatment. It is possible 

that their belief in a treatment was higher for DMTs that have been shown to have a higher 

efficacy and adverse risk profile. This effect can only be prevented by using a prospective study 

design and it may have overestimated our findings. The outcome, work productivity, may have 

been expected to suffer most from this bias as it is the most subjective of the three outcomes. 

We observed the strongest magnitude of effects for work attendance and the least strong effects 

for work productivity, arguing somewhat against the presence of this bias.  

Another potential limitation is indication bias,30 where factors associated with treatment 

choices are determined by multiple factors other than randomisation. We were unable to assess 

all of these factors when participants started a new DMT. In clinical practice, those who had 

failed to realise a sustained benefit from first-line DMTs or experienced rapid worsening of 

disability would have been more likely to initiate a higher efficacy DMT.18,29,31-33 Since these 

patients are on a worse disease trajectory, subsequent disease outcomes may be worse as well. 

This effect may have underestimated the effects of category 2 or 3 DMTs in improving 

employment outcomes. It could also explain the finding that those using category 3 DMTs were 

slightly more likely to report a decreased work attendance. The different route and frequency 

of administration of DMTs could also impact employment outcomes. For example, 

natalizumab requires administration by intravenous infusion every 28 days, which means 

natalizumab requires more hospital visits (and thus time off work) than people taking oral 

tablets like fingolimod. This may be another explanation for why those using natalizumab were 

more likely to report a decreased work attendance than those using fingolimod. 

In addition to disease characteristics, work-related factors and other factors associated with 

allocation of patients could also have confounded the estimates, such as preference of 

individual and treating doctors, but it is hard to fully account for all these factors in 

observational studies. Future perspective observational studies collecting more information on 
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patient characteristics and work factors, and using appropriate analytical methods, like 

propensity weighting are needed to address this issue. They would also be able to assess 

whether the effects of DMTs in improving employment outcomes are mediated through a 

reduction in relapses, disability progression and/or symptom improvement. 

In summary, we found that the probability of experiencing improvements in employment 

outcomes was higher for those using higher efficacy DMTs. Natalizumab and fingolimod 

demonstrated superior effectiveness on the patient-reported employment outcomes than β-

interferons, glatiramer acetate and dimethyl fumarate, with natalizumab having the largest 

magnitude of effect. These findings indicate that natalizumab and fingolimod are potentially 

more effective in controlling disease activity or symptoms than the other DMTs, thus using a 

higher efficacy DMT may give people with RRMS significant beneficial effects on their 

working life. However, these treatments do have higher risks associated with their use and all 

treatment decisions need to be made in the full knowledge of the risk/benefit analysis for each 

individual with MS. Future prospective studies using employment or symptoms as outcomes 

are needed to confirm our results. Further cost-effectiveness studies should include benefits of 

DMTs on employment outcomes.  
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Chapter 6: Risk factors for leaving employment due to multiple 

sclerosis and changes in the risk over the past decades: using 

competing risk survival analysis  

6.1 Introduction 

Multiple sclerosis (MS) is usually diagnosed between 20-40 years of age, a crucial period in 

life for career establishment and advancement. People with MS often leave the workforce 

prematurely, which not only impacts quality of life and psychological well-being but also 

contributes to a high socioeconomic burden1-3. 

Over recent few decades, improvements in health practice and the development of MS disease-

modifying therapies (DMTs)4 may have contributed to positive changes in health outcomes as 

well as employment outcomes in the MS population. Our previous work has shown that DMTs 

have beneficial effects on employment outcomes for people with MS, particularly for those 

using high efficacy DMTs5.  With these drugs now widely available in Australia, it is 

reasonable to hypothesise that Australians with MS may have experienced improvements in 

retaining their employment, leading to a reduced risk of leaving employment due to MS in 

more recent years as compared to periods when DMTs were not available. In Australia, 

government funded DMTs have only been available for people with relapsing forms of MS. 

Therefore, if improvements in employment retention are associated with increased use of high 

efficacy drugs, any effects should only be present in those with relapsing-remitting MS 

(RRMS). However, to date, no study to our knowledge has evaluated whether there are changes 

in the risk of leaving employment due to MS in the population over recent times. 

Demonstrating improvements in employment retention that are temporally linked with the 

availability of DMTs may provide further insights into the benefits and potential cost offsets 

of these drugs. 
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Using a nationally representative sample, the aims of the current study were 1) to evaluate the 

risk factors of leaving employment due to MS by using competing risk survival analysis; and 

2) to assess changes in the risk of leaving employment in Australians with MS over recent 

decades by MS phenotype.  

6.2 Methods 

6.2.1 Study population and data collection  

The Australian MS Longitudinal Study (AMSLS) is a voluntary longitudinal national study 

with ongoing recruitment supported by MS Research Australia and all Australian State and 

Territory MS Societies. There are now around 3,000 active participants in the AMSLS, who 

are broadly representative of Australians with MS6. Around 96% of the participants were 

diagnosed with definite MS by a neurologist according to the McDonald criteria7,8. The data 

used for the current study were from the 2016 Economic Impact Survey, that was conducted 

from March-May 2016 and assessed the impacts of MS on income and employment (3,163 

survey invitations sent, 1,577 (49.9%) responded). 

Of the 1,577 respondents of the survey, we identified those who were working before their MS 

diagnosis (n=1,294). We excluded 19 participants with a missing year of MS diagnosis and 34 

with a missing year of leaving employment, which left 1,240 participants for analysis.  

6.2.2 Measurements 

The primary outcome was time from MS diagnosis to leaving employment due to MS 

(including early retirement). Participants reported their current employment status. Those who 

were not currently working and were not seeking for employment were classified as having left 

employment. Those who were not currently employed but were seeking for employment were 

considered as having not left employment. We also asked whether MS had made them leave 

their employment (Yes/No/Not applicable), and participants specified the year they retired or 
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left paid employment. Information regarding age, sex, education level, year of MS diagnosis, 

and MS type in 2016 were also reported. 

6.2.3 Statistical analysis 

To assess factors associated with leaving employment due to MS, competing risk survival 

regression models were conducted, a statistical approach that extends survival analysis by 

statistically accounting for the presence of competing risks9. Normally, only one type of event 

is assumed as the designated event of interest in survival analysis. Other types of event that can 

happen and preclude the chance of experiencing the event of interest are competing events. In 

our case, there would be no chance of leaving employment due to MS if participants had 

permanently left employment due to other reasons, such as other health problems or family 

issues. Thus, these reasons are considered as competing risks. A Fine and Grey model is the 

widely used competing risk survival regression model that directly links the cumulative 

incidence function to explanatory variables. The estimates of a Fine and Grey model are sub-

distribution hazard ratios (sHR). The covariates in this model can be interpreted as having an 

effect on the cumulative incidence of the event or on the probability of events occurring over 

time10. A higher sHR represents a higher risk (incidence) of the event associated with the 

exposure of interest. 

In our analysis, the failure event of interest was leaving employment due to MS since MS 

diagnosis before age 65. Follow-up time was censored at the year when the event (leaving 

employment) occurred, the year participants reached the age of 65 years, or the end of follow-

up (year of the survey conducted), whichever came first. Leaving employment before age 65 

due to other reasons than MS was considered as a competing event. Fine and Grey regression 

models were conducted to evaluate the effects of sex, education level, MS phenotype, and age 

of diagnosis on the risks of leaving employment due to MS. We also tested whether there were 

interactions between MS phenotype and different time periods on the risk of leaving 
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employment due to MS by including interaction terms in the multivariable model. To better 

understand the changes in the risk of leaving employment due to MS over past years, different 

cut-off points were chosen to divide the follow-up period. All analyses were performed using 

STATA (version 15; StataCorp LP). 

6.3 Results 

The median length of cohort follow-up was 10 years. The included participants were diagnosed 

between 1949 and 2015 (IQR: 1997-2007), with the mean age at diagnosis being 39.8 (SD 10.2) 

years and 77.8% being female (Table 6.1). Of those who had left employment (n=525), 78.7% 

left due to MS, and the mean age at which they left employment was 48.6 (SD 9.2) years. 

Overall, 67.1% reported their MS course in 2016 as RRMS and 7.6% PPMS. 

We compared the respondents vs. non-respondents of the 2016 Economic Impact survey. Of 

all the 3,163 invited participants, the 1,577 respondents were similar to the non-respondents 

(1,568) by sex (78.9% females vs. 78.5%, p=0.76). Respondents were slightly older (55.4 years 

vs. 53.7 years, p<0.001), had a higher education level (38.3% university degree vs. 31.5%, 

p<0.001), and had a slightly longer MS duration since diagnosis (15.2 years vs. 14.6 years, 

p=0.022).  

Results of the competing risk regression models showed (Table 6.2) that male sex, progressive 

MS type, lower education level, and older age at MS diagnosis were associated with a higher 

risk of leaving employment due to MS. In a multivariable model including all these covariates, 

the adjusted sub-hazard ratio for leaving employment due to MS for those with secondary 

school or less education was 2.58 (95% CI: 2.19 to 4.09) as compared to those with a university 

degree. The adjusted sub-hazard for leaving employment due to MS was 1.54 times higher for 

males than females (95% CI: 1.24 to 1.90). The adjusted sub-hazard for leaving employment 
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due to MS was 1.90 times higher for people with PPMS than those with RRMS (95% CI: 1.41 

to 2.56). 

 

Table 6.1. Participants characteristics.  

Characteristics N=1,240  

Age at MS diagnosis (years), mean (SD) 39.8 (10.2) 
Year of diagnosis, median (IQR) 2003 (1997-2007) 
Length of cohort follow-up (years), median (IQR) 10 (5-15) 
Employment status at the end of follow-up  
 Had left employment due to MS before age 65, n (%) 413 (33.3) 
 Had left employment due to other reasons before age 65, n (%) 82 (6.6) 
 In the labour force or left employment at age 65 years or after, n (%) 745 (60.1) 
Age when left employment  
 Those who left due to MS (years), mean (SD) 48.6 (9.2) 
 Those who left due to other reasons (years), mean (SD) 55.7 (8.1) 
Female sex, n (%) 965 (77.8) 
MS type at 2016, n (%)  
 Relapsing-remitting MS 777 (67.1) 
 Secondary-progressive MS 145 (12.5) 
 Primary-progressive MS 88 (7.6) 
 Progressive-relapsing MS 25 (2.2) 
 Unsure 123 (10.6) 
Education level, n (%)  
 Primary school or secondary school 380 (30.7) 
 Occupational certificate or diploma 356 (28.7) 
 University degree 504 (40.7) 
IQR : interquartile range ; SD : standard deviation.  

 

We then compared the sub-hazard of leaving employment due to MS between the more recent 

periods of calendar years to the prior periods for people with RRMS, SPMS and PPMS (Table 

6.3). We divided calendar years into different periods using shifting cut-points. For RRMS, 

using the year 1996 as a cut-point, there was no difference in sub-hazard when comparing the 

period of 1996-2016 to the period prior to year 1996 (sHR 1.07 (0.61-1.89) after adjusting for 

age of diagnosis, sex and education level, but the sub-hazard of leaving employment due to MS 

was reduced when using more recent cut-points and this became stronger and significant when 
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using 2010, 2012 and 2013 as cut-points. For example, the adjusted sub-hazard of leaving 

employment due to MS for RRMS was reduced by 33% during the period between year 2010 

and 2016 as compared to the period before year 2010, reduced by 43% during the period 

between year 2012 and 2016 as compared to the prior period before year 2012, and reduced by 

51% during the period between 2013 and 2016 as compared to the prior period. In contrast, the 

sub-hazard ratios for people with PPMS and SPMS were consistently above or close to 1.00 

for all cut-points.  The cumulative incidence of leaving employment due to MS estimated from 

Fine and Gary models is shown in Figure 6.1 (comparison between RRMS and PPMS) and 

Supplementary figure 6.1 (comparison between RRMS and SPMS). The panel D of figure 6.1 

shows, for example, that for people with RRMS, the estimated cumulative incidence of leaving 

employment due to MS at 10 years after MS diagnosis during period before year 2010 was 

around 18% and reduced to 11% in the period between year 2010 to 2016.
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Table 6.2. Factors associated with leaving employment due to MS by competing risk survival analysis. 

Variables 

Experienced event of 

interest (leaving 

employment due to 

MS), 

N (%) 

Did not 

experience of 

event at the end 

of follow-up§, 

N (%) 

Univariable 

sHR (95% CI) 

Multivariable ¥ 

sHR (95% CI) 

Sex     
 Female 113 (16.3) 582 (83.7) 1 (reference) 1 (reference) 
 Male 51 (30.0) 119 (70.0) 1.88 (1.26 to 2.82)** 1.54 (1.24 to 1.90)* 
Education level     
 University degree 57 (15.8) 303 (84.2) 1 (reference) 1 (reference) 
 Occupational certificate or diploma 80 (31.4) 175 (68.6) 2.02 (1.45 to 2.82)** 1.49 (1.15 to 1.94)* 
 Primary or secondary school 114 (45.6) 136 (54.4) 2.99 (2.19 to 4.09) 2.58 (1.94 to 3.44)** 
 Test for trend   P<0.001 P<0.001 
 MS type at 2016     
 Relapsing remitting MS 196 (25.2) 581 (74.8) 1 (reference)  
 Primary progressive MS 55 (62.5) 33 (37.5) 2.62 (1.97 to 3.50)** 1.90 (1.41 to 2.56)** 
 Secondary progressive MS 81 (55.9) 64 (44.1) 1.95 (1.51 to 2.51)** 1.85 (1.44 to 2.38)** 
 Progressive relapsing MS 8 (32.0) 17 (68.0)     1.02 (0.51 to 2.06) 0.98 (0.48 to 2.03) 
 Unsure 50 (40.7) 73 (59.3) 1.51 (1.13 to 2.02)* 1.18 (0.86 to 1.62) 
Age at MS diagnosis     
 <35 years 57 (19.8) 231 (80.2) 1 (reference)  
 35-49 years 122 (28.7) 303 (71.3) 1.84 (1.36 to 2.49)** 1.55 (1.23 to 1.96)** 
 49+ years 72 (47.4) 80 (52.6) 4.48 (3.19 to 6.31)** 2.58 (1.94 to 3.44)** 
 Test for trend   P<0.001 P<0.001 
sHR: Sub-distribution hazard ratio from competing risk survival analysis; CI: confidence interval; *p<0.05, **p<0.001. 
§ Includes those who were in the labour force and those who had left employment due to other reasons at the end of follow-up. 
¥ Includes all variables in a single model. 
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Table 6.3. The risk of leaving employment due to MS in different time periods between 
people with relapsing-remitting MS, primary progressive MS and secondary progressive MS 
by splitting periods with shifting cut-off points. 

Periods of calendar 
year 

RRMS 
sHR (95% CI)ǂ  PPMS 

sHR (95% CI)ǂ  SPMS 
sHR (95% CI)ǂ 

Before 1996 1  1  1 
1996-2016 1.07 (0.61 to 1.89)  1.70 (0.82 to 3.55)  1.84 (0.94 to 3.61) 

Before 2000 1  1  1 
2000 -2016 0.87 (0.59 to 1.28)  2.41 (1.20 to 4.84)  1.56 (0.96 to 2.53) 
Before 2006 1  1  1 
2006 -2016 0.91 (0.69 to 1.22)  1.68 (0.97 to 2.91)  1.25 (0.82 to 1.93) 
Before 2010 1  1  1 
2010 -2016 0.67 (0.50 to 0.90)   1.25 (0.72 to 

 

 1.37 (0.84 to 2.25) 
Before 2012 1  1  1 
2012 -2016 0.57 (0.41 to 0.80)  1.31 (0.74 to 2.33)  1.33 (0.77 to 2.29) 
Before 2013 1  1  1 
2013 -2016 0.49 (0.33 to 0.72)  0.90 (0.41 to 1.95)  0.85 (0.41 to 1.13) 

RRMS: relapsing-remitting MS; PPMS: primary progressive MS; SPMS: secondary 
progressive MS; sHR: Subdistribution hazard ratio from competing risk survival analysis; CI: 
confidence interval. 
ǂ: Adjusted for age of diagnosis, sex and education level. 
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Figure 6.1. Curves illustrating the cumulative incidence of leaving employment due to MS over time after diagnosis for people with RRMS and PPMS in 
different periods. 
RRMS: relapsing-remitting MS; PPMS: primary progressive MS. 
A. Cumulative incidence in period before year 1996 vs. 1996-2016.  B. Cumulative incidence in period before year 2000 vs. 2000-2016. 
C. Cumulative incidence in period before year 2006 vs. 2006-2016.  D. Cumulative incidence in period before year 2010 vs. 2010-2016. 
E. Cumulative incidence in period before year 2012 vs. 2012-2016.   F. Cumulative incidence in period before year 2013 vs. 2013-2016. 
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Supplementary figure 6.1. Curves illustrating the cumulative incidence of leaving employment due to MS over time after diagnosis for people with 
RRMS and SPMS in different periods. 
RRMS: relapsing-remitting MS; SPMS: secondary progressive MS. 
A. Cumulative incidence in period before year 1996 vs. 1996-2016.  B. Cumulative incidence in period before year 2000 vs. 2000-2016. 
C. Cumulative incidence in period before year 2006 vs. 2006-2016.  D. Cumulative incidence in period before year 2010 vs. 2010-2016. 
E. Cumulative incidence in period before year 2012 vs. 2012-2016.   F. Cumulative incidence in period before year 2013 vs. 2013-2016. 
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6.4 Discussion 

By using a large nationally representative MS sample, we assessed the risk of leaving 

employment due to MS over the past decades by MS phenotype. We found that the risk of 

leaving employment due to MS since diagnosis was reduced in more recent years in RRMS 

while this pattern was not seen for PPMS or SPMS. The statistically significant reduction in 

risk for RRMS started to occur when comparing the period 2010-2016 to period before 2010, 

and became stronger thereafter, which coincided with the increasing usage of higher efficacy 

DMTs in Australia during that period5. The multivariable model showed that males, people 

with progressive MS, those with a lower education level and those older at diagnosis were at a 

higher risk of leaving their employment due to MS, suggesting that they may need additional 

assistance in order to stay longer in the labour force.  

We found that, for RRMS, the sub-hazard of leaving employment due to MS was 33% lower 

in 2010-2016 as compared to before 2010 and this increased to 43% and 51% when using 2012 

and 2013 as time cut-points. In contrast, the sHR for PPMS and SPMS were above or close to 

1.00 for all cut-points. The differential pattern coincides with the increased usage of high-

efficacy DMTs in Australians with RRMS. We recently showed a dramatic increased usage of 

higher efficacy DMTs after 2010 in Australia5. In 2010, more than 80% were using classical 

injectable DMTs (beta-interferons and glatiramer acetate), while only 13% used natalizumab 

(the main high efficacy DMTs at that time). In contrast, in 2015, 35% used the classical 

injectable DMTs, while many were using higher efficacy DMTs (13% dimethyl fumarate, 31% 

fingolimod and 13% natalizumab)5. Moreover, earlier diagnosis11 and treatment due to changes 

in diagnostic criteria (1983 Poser criteria12, McDonald criteria 200113 with modifications in 

20058, 20107 and 201714) may also have contributed to better health and employment outcomes 

in RRMS. The widespread development of multidisciplinary MS clinics and expansion of the 
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roles of MS nurse specialists may also have improved overall care of people with MS in 

Australia. This may have impacted most on those with RRMS who tend to be seen more 

frequently due to the requirements of monitoring for DMT usage.  

Although, to our knowledge, no other studies have evaluated changes in employment survival 

over the past decades in MS, a recent study from Sweden using national registry data reported 

similar changes by using a different outcome15. They found that being diagnosed more recently 

was associated with a longer time to reach disability milestones for relapsing-onset MS while 

no change was seen for progressive-onset MS15. Given the differential access to DMTs between 

people with different forms of MS, the authors suggested that DMTs might be a driver for the 

differential changes. Different to our study, they only included participants diagnosed between 

1996-2015 while we also included participants who were diagnosed before 1996, when DMTs 

were not available. Our finding that the significant reduction in risk of leaving employment 

due to MS started to occur after 2010 for RRMS, also supports the notion that higher efficacy 

DMTs may be the key contributor to the positive changes in maintaining employment. Another 

cohort study using prospective data of 1555 participants from 21 countries showed that initial 

treatment with high efficacy DMTs (natalizumab, fingolimod or alemtuzumab) was associated 

with a lower risk of conversion to secondary progressive MS than was initial treatment with 

glatiramer acetate or interferon beta16, also suggesting the potential superior long-term effects 

of high efficacy in improving health outcomes. 

While people with SPMS could have experienced beneficial effects from DMTs during the 

relapsing-remitting phase, we did not observe a significant reduced risk of leaving employment 

in more recent periods in SPMS. However, almost 50% of our SPMS participants were 

diagnosed before 1996, and we did not know when they converted to SPMS. Unless the 

conversion to SPMS happened in more recent years (i.e. after higher efficacy DMTs became 

available), it is likely that most did not have the chance to use high efficacy DMTs when they 
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had RRMS. It is therefore not surprising that our results for people with SPMS line up with 

those with PPMS.  

We also showed that males, those with progressive MS, those of a lower education level, and 

those diagnosed at an older age were independently associated with a higher risk of leaving 

employment due to MS after diagnosis. With a progressive course, people with PPMS and 

SPMS may have a higher symptom load and a greater disability burden compared to people 

with RRMS17,18, imposing more difficulties for employment maintenance. Males or those with 

a lower education level are more likely to take labour intensive jobs19, such as blue-collar jobs, 

which may be harder to maintain with MS-related disability. Moreover, as health promotion 

and support programs have sometimes been viewed as an unessential cost burden, support 

networks for managing disability at work are less readily available in blue-collar than white-

collar workplaces19. Studies have also suggested that males with MS seem to progress more 

rapidly 20, and they tend to have reduced help-seeking behaviour for health-related matters 

compared to females21, which could also lead them to leave their employment earlier.  

Future studies are needed to better understand the potential difference in difficulties and needs 

in employment maintenance between males and females, people with different education level, 

and across age groups, in order to provide effective and tailored employment 

interventions/assistance. For example, while the use of internet-based resources for information 

on managing the demands of MS is increasing, it is older people, males or those with lower 

education levels who are less likely to make use of online resources when seeking help for 

managing the symptoms and demands of MS22,23. Tailoring interventions has been argued to 

increase men’s service uptake and the efficacy of such interventions21.   

Employment outcomes are indicators reflecting the burden of MS on individuals and society, 

and are closely associated with many MS symptoms, disability, disease progression24 25,26and 

MRI markers27, therefore may be convenient and valid measures to assess treatment effects in 
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disease management. We recommend that regular monitoring of work-related outcomes 

together with treatment and disease outcomes should be incorporated in future prospective MS 

studies and registries. This would provide valuable real-world data to assess and compare 

effects between various MS treatments. 

The major strengths of our study include a large representative sample and the wide range in 

diagnosis years, including years when DMTs were not available, which allowed us to evaluate 

the changes in the risk of leaving employment over several decades. In addition, we used a 

disease-specific outcome, i.e. leaving employment due to MS, and used a statistical approach 

that accounts for the presence of leaving employment due to other reasons. Several limitations 

should be acknowledged as well. Firstly, although the AMSLS participants are representative 

of Australians with MS, we identified small differences in age and education level between 

those who participated in the survey and those who did not. It is possible that those with more 

severe disability and rapidly worsening disease progression, who were more likely to 

experience employment loss, were not adequately captured. As these people were more likely 

to be at an older age, they were likely to be diagnosed in earlier years. If this was the case, the 

sHR for more recent periods might be underestimated. Secondly, our data were collected 

retrospectively, which may have caused error in the recall of the year of leaving employment. 

In addition, occupation type, disability, and MS symptoms were not evaluated at different time 

points, so we were unable to assess the effects of these time-varying variables. In addition, we 

used year of MS diagnosis to calculate disease duration. If the time from symptom onset to 

diagnosis were longer for PPMS than RRMS, the length of time stayed in the labor force of 

people with SPMS would be underestimated, which might have overestimated the risk ratio of 

leaving employment due to MS for PPMS as compared to RRMS. 

In summary, we found that the risk of leaving employment due to MS was reduced in more 

recent years in people with RRMS while this pattern was not seen for people with PPMS and 
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SPMS. The differential changes seem to coincide with the increased usage of high efficacy 

DMTs in Australia during that period. The higher risk of leaving employment due to MS among 

males, those with progressive MS and those with a lower education level suggests that 

additional assistance should be provided in their employment maintenance after MS onset and 

over the disease course. 
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Chapter 7: Conclusions and future directions 

7.1 Conclusions 

Improving the quality of working life for people with MS is of great significance for individuals 

and society. Therefore, understanding the factors that are affecting employment outcomes in 

MS, and the treatments that are effective in improving employment outcomes is critical. In 

relation to providing timely assistance, focusing on employment status alone is not adequate to 

understand the difficulties people with MS may have in their working life across disease course. 

Furthermore, given that the very early impairments on work capacity caused by MS would be 

reflected on work productivity loss, and people with MS are getting better at remaining in the 

labour force, assistance for improving work productivity are becoming more important.  

By using a large nationally representative sample of Australians with MS, we first measured 

and estimated MS-related work productivity loss due to absenteeism and presenteeism. 

Meanwhile, we examined and compared factors associated with MS-related work productivity 

loss and labour force participation. Secondly, we assessed the prevalence of 30 comorbidities 

in the working-aged people with MS and evaluated how they affected employment outcomes. 

Thirdly, we compared the effect of various DMTs on improving employment outcomes for the 

first time. Lastly, we looked at the changes in the risk of leaving employment due to MS in 

Australia over the past decades, when DMTs experienced considerable development. The main 

findings of the thesis are summarised as follows.  

7.1.1 MS-related absenteeism, presenteeism and total work productivity loss  

Chapter 3 (study 1) quantified work productivity loss that comes from absenteeism and 

presenteeism caused by MS-related problems in the past four weeks. Among the working 

cohort, 56% experienced any work productivity loss due to either absenteeism or presenteeism. 

The mean loss due to presenteeism were 1.9 days (10.8% lost productive time), and mean loss 
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due to absenteeism were 0.6 days (3.4% lost productive time). When it comes to costs, the 

mean annual costs of presenteeism per person were AU$5207 (US$3835, EURO€3522) and 

AU$1560 (US$1149, EURO€1055) due to absenteeism in 2016, leading to an overall loss of 

AU$66 million to the Australia community per year1. 

Our study quantified the costs associated with MS-related presenteeism for the first time. 

Importantly, the findings showed that work productivity loss caused by presenteeism was three 

times that of absenteeism both in time and costs, highlight the importance of incorporating loss 

due to presenteeism in the measurement of work productivity loss in MS. 

7.1.2 Factors affecting work productivity and labour force participation 

Study 1 also compared factors associated with work productivity loss and labour force 

participation. We found that factors associated with work productivity and labour force 

participation were slightly different. The multivariable model showed that MS-related work 

productivity loss, which included loss due to absenteeism plus loss due to presenteeism, was 

mostly determined by MS symptom severity. The MS symptom clusters that most strongly 

impact work productivity were ‘fatigue and cognitive symptoms’, ‘pain and sensory symptoms’ 

and ‘difficulties with walking, balance and spasticity’. In addition to MS symptoms, other 

factors such as older age and a lower education level were also predictive of a person not being 

in the labour force, but they were not predictive of work productivity loss1. The strong 

dominance of symptom severity on work productivity and labour force participation in MS 

indicated that better management of symptom, particularly symptoms that had the strongest 

impacts, is the key for people with MS to work more productively and to stay longer in the 

labour force. 
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7.1.3 Impacts of comorbidities on employment outcomes in the working-aged MS 

population 

As MS-related factors cannot explain all the variation in work productivity loss and low labour 

force participation, chapter 4 (study 2) examined the contribution of comorbidities to these 

outcomes. After assessing the prevalence of 30 comorbidities in the MS working-aged 

population, our study showed that comorbidities were common in the working-aged MS 

population, with many limiting people’s activities2. Having more comorbidities was associated 

with a higher prevalence of not working and a higher work productivity loss. Importantly, we 

found that the associations were mediated by symptom severity as the associations reduced 

dramatically after adjusting for MS symptoms.  

This study extended the current understanding of the burden of comorbidities in working-aged 

people with MS. The findings suggested that a better management of comorbidities could 

reduce the symptom load in people with MS, thus contributing to improved employment 

outcomes. Findings from the study also have important implications for health care delivery 

for people with MS. Given that comorbidities were common in people with MS and imposed 

heavy burdens on individuals and society, focusing on the wholistic care of people with MS 

instead of MS-related problems alone is critical in order to optimise health outcomes as well 

as employment outcomes for people with comorbidities. Future studies are warranted to 

explore such effective health care models in people with MS. 

7.1.4 Effects of DMTs on employment outcomes 

Chapter 5 (study 3) evaluated and compared the effects of DMTs in improving employment 

outcomes among those who had used a DMTs since 2010 to the end of 20153. Firstly, the study 

showed that there were significant changes in DMT treatment patterns among the study 

population from 2010 to 2015. The percentage of people using the first generation DMTs 

(represented by beta-interferons) reduced while the percentage of people using higher efficacy 
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DMTs increased, with fingolimod experiencing the most dramatic increase. In terms of effects 

on employment outcomes, our study demonstrated that those using higher efficacy DMTs, 

particularly fingolimod and natalizumab, reported significant increases in their amount of work, 

work attendance and work productivity. 

This is a novel study with important implications for clinical practice. The superior effects of 

the high efficacy DMTs on improving employment outcomes inform clinicians on the 

treatment selection for people with MS. In addition, it suggested that the cost-effectiveness of 

DMTs would increase once the beneficial effects on the working life of people with MS were 

considered. 

7.1.5 Changes in the risk of leaving employment due to MS in recent decades 

Building on the previous work, chapter 6 (study 4) extended the study period and examined 

whether there were changes in the risk of leaving employment due to MS over the past several 

decades. The study demonstrated that the risk of leaving employment due to MS decreased in 

the more recent periods for RRMS, while it was not seen for people with PPMS or SPMS. This 

differential pattern might be largely attributed to the beneficial effects of the high efficacy 

DMTs, because the use of DMTs has been restricted to those with relapsing forms of MS and 

the timing of the reduction in risk (occurring after 2010 and increasing in magnitude thereafter) 

coincided with the update of higher efficacy DMTs. By analysing longitudinal employment 

data, the study also showed that males, those with a lower education level, those with 

progressive MS course were at a higher risk of leaving employment due to MS, suggesting that 

they might need additional assistance in their employment maintenance. 

In summary, MS symptoms and comorbidities were detrimental for labour force participation 

and work productivity in people with MS. DMTs seemed effective in improving employment 

outcomes with fingolimod and natalizumab demonstrating the biggest effect sizes by patient-

reported data. After 2010, the percentage of people using the first generation DMTs decreased 
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while the percentage of people using higher efficacy DMTs increased substantially, which may 

explain a large proportion of the reduced risk of leaving employment due to MS that was 

observed in Australians with RRMS after 2010. The consistent and complementary results of 

this thesis support the use of employment outcomes to compare treatment effects.  

7.2 Strengths and limitations  

7.2.1 Strengths 

The major strength of the thesis is a large and representative sample of Australians with MS in 

the AMSLS4, which enabled us to quantify the costs associated with productivity loss, to assess 

the prevalence of comorbidities and to evaluate changes in labour force participation over time 

at the population level. Therefore, the findings of the thesis have a high degree of external 

validity. Secondly, as a survey-based study, the AMSLS has been collecting patient-reported 

employment outcomes which are seldom captured in registry or administrative database or in 

clinical trials. We used them as disease-specific outcomes, e.g. MS-related work productivity 

and leaving employment due to MS, as these would be more appropriate for understanding the 

burden of MS on individuals and society, and with being more closely related to disease 

severity, they would be more sensitive to changes associated to MS treatment. Different from 

clinical measures, patient-reported outcomes represent information from the patient’s 

perspective in terms of disease severity and impacts of disease on their lives and are important 

to consider in the treatment selection and patients’ care.  

7.2.2 Limitations 

Several limitations of our studies should be acknowledged as well. Firstly, although it has been 

shown that the AMSLS participants are highly representative of people with MS in Australia4, 

selection bias might still exist due to non-response in the surveys. To evaluate the possible 

selection bias, we compared the differences between those who were included and those who 
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were not included due to non-response. Those included were generally slightly older and had 

a slightly longer MS duration than those not included, while no difference by sex was found. 

Given that the differences were small, we believe that selection bias was not a major concern 

in our studies. 

In addition, in study 1 and study 2, cost of work productivity loss was evaluated by multiplying 

lost productive time (in days) by the daily income which was estimated by diving the annual 

income by the total working days (days worked+ days that were missed from work due to MS. 

As we did not ask the day people missed from work due to other conditions, the total working 

days may be underestimated, thus leading to a slight overestimate of daily income. As a result, 

the cost of work productivity loss could be slightly overestimated. Moreover, the income data 

used in the two studies were not collected at the same time with the time when work 

productivity loss was measured, which might have affected the accuracy of the cost evaluation. 

Give that dramatic changes in people’s income are unlikely to happen within several months, 

the cost estimate would not be affected much. In relation to factors associated with working 

status and work productivity, we did not capture psychological factors, work environmental 

factors or job types in these two studies. 

Lastly, as study 3 and 4 used retrospective data to evaluate the possible effects of DMTs on 

employment outcomes, we were unable to collect information on the potential confounding 

factors that were time-varying, such as occupation type, treatment history, disability level, 

symptom severity or comorbidities. Consequently, with the lack of this information, a 

propensity weighting approach, which requires comprehensive information on patient’s 

characteristics to simulate the randomised environment, cannot be used to adjust for the 

potential indication bias in study 3. In addition, in study 4, asking participants to recall the year 

when they left employment due to MS may have caused some recall error. To address these 

issues, future prospective studies are warranted. 
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7.3 Future directions and recommendations 

1. Developing and implementing effective employment interventions is one of the 

priorities for future research. 

Study 1 and 2 identified some important factors that were associated with work productivity. 

While further cross-sectional and longitudinal studies can make further contributions in 

unravelling the interplay of a complex network of factors that may impact on work productivity, 

it is important to start applying this knowledge for the benefit of people with MS. To date, 

interventions that are specifically targeted at improving employment outcomes in people with 

MS are merely limited. While employment services are available for people with MS in 

Australia and many other countries, their effectiveness on improving employment outcomes 

has not been well demonstrated. Given this research gap, it is important to develop 

interventions that are specifically targeted at assisting people to remain in the workforce and 

optimising their work circumstances and work productivity. 

Empowering people with MS to optimise the management the challenges experienced in 

working life is important. Combining evidence from this thesis and other literature, 

comprehensive employment interventions may need to offer people an improved understanding 

on the following aspects: how MS-related symptoms and other medical conditions impact their 

lives and the (often small) changes they can make to reduce that impact; how their thoughts 

impact on their behaviour;  how to communicate their MS effectively in the workplace; what 

workplace accommodations are available and how to go about arranging workplace changes 

that might benefit them, and how to plan for a possibly uncertain future. The mode of delivery 

of such interventions could be face-to-face, e.g. in a group-based setting where people are 

learning from each other’s experiences. In addition, online interventions may be a cost-
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effective alternative, which has benefits of enabling people to do it when it suits and being 

available to a wide range of population without waiting time.  

2. Assessing employment outcomes prospectively in clinical trials and cohort studies is 

important for examining treatment effects on employment.  

In study 3, we examined the effect of DMTs on employment outcomes using retrospective data. 

This was novel but, as discussed, was prone to different types of bias. Study 4 examined 

changes in leaving employment due to MS over time, providing indirect evidence that high 

efficacy DMTs might be underlying these effects. To examine these effects directly, 

incorporating employment outcomes in clinical trials would be the most optimal study design. 

However, while this should be strongly encouraged, it will not provide effects of DMTs that 

are already on the market and it will not allow head-to-head comparisons between multiple 

drugs. Longitudinal cohort studies are a viable alternative way to compare treatment effects.  

Comparative effectiveness research is a rapidly developing field that compares the 

effectiveness of health interventions or treatments in ‘real-world’ contexts.5  To account for 

indication bias in observational studies, propensity score-based methods are applied, which has 

been successfully used in MS research using clinical registry data6,7. For example,  by using 

propensity-score matching, a study from the MSBase registry (an international, observational, 

prospectively acquired cohort study) found that in active RRMS patients during treatment with 

first line injectable DMTs, switching to natalizumab is more effective than switching to 

fingolimod in reducing relapse rate and short-term disability progression6. This type of methods 

could be equally applied to prospectively collected patient-reported data.  

3. Effects on employment outcomes should be a consideration when evaluating the cost-

effectiveness of DMTs. 
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Cost-effectiveness analysis provides health economic evidence for healthcare decision 

makings. According to our findings in study 3 and 4, it is highly possible that high efficacy 

DMTs have been a key contributor to the improvements in the landscape of labour force 

participation in the Australian RRMS population in recent years, suggesting that these drugs 

resulted in work productivity cost savings. From the societal perspective, taking the beneficial 

effects on employment outcomes into account would increase the cost-effectiveness of these 

drugs, and could potentially increase the access to DMTs for people with MS. However, the 

cost-effectiveness analysis of DMTs is often based on the beneficial effects on the relapse rate, 

MRI outcomes and disability progression or quality of life utilities8, with employment 

outcomes seldom evaluated in these studies. Cost-effectiveness studies that incorporate the 

beneficial effects of DMTs on employment outcomes are needed. 

To have a comprehensive understanding of the cost-effectiveness of DMTs and to compare the 

cost-effectiveness between different drugs, future analyses might use data from clinical trials 

and observational studies in which employment outcomes together with treatment and disease 

outcomes were collected prospectively. In economic evaluations, improvements in working 

time and work productivity will need to be transformed into monetary values which represent 

the indirect cost savings from DMTs treatment. Furthermore, by using long-term follow up 

data, analysis with a long time horizon would contribute to a better understanding of the long-

term cost-effectiveness of DMTs.  
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