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Abstract 

Multiple sclerosis (MS) is a complex autoimmune/neurodegenerative disease in which the 

myelin sheath covering nerve fibres in the central nervous system (brain, optic nerves and 

spinal cord) is damaged, leading to increasing disability over time, which in turn, negatively 

impacts individuals’ health-related quality of life (HRQoL) and poses a significant economic 

burden to patients and society in terms of both direct (healthcare) and indirect costs (from lost 

productivity). Whilst some past studies have investigated the HRQoL and costs of MS in 

Australia, the studies suffered from methodological limitations and/or relied on data that are 

now more than a decade old and lacked information that are important to the detailed, 

comprehensive and contemporary health economic analyses of MS. Additionally, no previous 

studies in MS-specific disability progression in Australia have been published to document the 

transition probabilities of changing disability levels (measuring the likelihood of an individual 

moving from one disability state to another over a discrete period of time). 

The current landscape of MS in Australia differs substantially from that at the time of 

publication of previous studies measuring the human and economic burden for Australians 

with MS. For example, Australians now have access to a range of higher efficacy and more 

expensive disease modifying therapies (DMTs) for relapsing-remitting MS, bringing potential 

impacts on health outcomes for people with MS, and hence, the costs. There is also a strong 

focus on earlier MS diagnosis (due to application of new diagnostic criteria) and treatment 

(due to therapeutic advances and growing evidence of the long-term benefits of early effective 

treatment). All of this may contribute to differences in the health and economic burden of MS 

over time. Moreover, country-specific health economic evaluation models of available 

treatment options guide evidence-based reimbursement decisions, with health state utility 

values (HSUVs), costs and transition probabilities being important inputs to these modelled 

evaluations. The correct implementation of multi-state health economic evaluation models 

requires reliable and robust estimation of these input parameters. In order to ensure that health 

economic evaluation models are representative of reality, the International Society for 

Pharmacoeconomics and Outcomes Research (ISPOR) has recommended the use of model 

input parameters that are locally derived.  

Thus, the estimation of updated key input parameters (i.e.: HSUVs, costs and transition 

probabilities of disability progression) from an Australian population of people with MS at 
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varying levels of disability severity is needed: 1) to improve our understanding of the key 

drivers of the health economic burden of MS and MS-related disability progression in 

Australian and similar populations; and 2) in the ongoing development and refining of a gold-

standard health economics model of MS (currently under construction by our research group) 

for the estimation of life expectancy, quality-adjusted life years, and total lifetime costs, and 

to identify cost-effective MS interventions (to facilitate policy development, priority setting, 

advocacy, and management of public health) in Australian and similar populations.  

This research thesis (comprised of four key studies) aims to bridge these important research 

gaps using the best available data (from the Australian Multiple Sclerosis Longitudinal Study 

[AMSLS], the Tasmanian MS Longitudinal Study [TasMSL] and the Ausimmune Longitudinal 

Study [AusLong]) and methodological framework.  

The first analytical study (reported in Chapter 3 of this thesis) presents a comprehensive 

contemporary analysis of the direct and indirect costs of MS in Australia from a societal 

perspective and examines how the cost landscape has changed over time. Annual costs per 

person with MS increased 17% from 2010 to $68,382 in 2017, driven largely by increased 

direct costs (from $16,306 in 2010 to $30,346 in 2017) (particularly those related to DMTs, 

hospitalizations, consultations, and medical tests), but offset by decreased costs of lost wages 

(from $29,030 in 2010 to $21,858 in 2017) as a result of recent positive shifts in the 

employment landscape for Australians with MS. Costs increased with increasing disability 

severity: $30,561 (95% confidence interval [CI]: $25,672-$35,451), $55,815 (95%CI: 

$47,503-$64,126), $76,915 (95%CI: $68,866-$84,964), and $114,813 (95%CI: $102,252-

$127,374) for no, mild, moderate and severe disability, respectively. The total costs for all 

people with MS in Australia in 2017 were $1,751 million, which were $503 million (41%) 

higher than 2010 costs. Whilst costs did increase significantly from 2010 to 2017, over half 

($295 million) of this increase was due to increased prevalence of MS in Australia. The current 

economic data on MS provided in this chapter are important for policy development, priority 

setting and public health management, particularly in this new era of increased access to higher 

efficacy DMTs, early MS diagnosis, and improved management of MS. 

The second study (reported in Chapter 4 of this thesis) presents the HRQoL of Australians 

with MS (in the forms of HSUVs and health dimension scores) using a preferentially sensitive 

multi-attribute utility instrument (the Assessment of Quality of Life-8-Dimension [AQoL-

8D]) and presents the impacts of disability on HRQoL. The mean overall HSUV for 
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Australians with MS was 0.61 (95% CI: 0.60-0.62), 0.18 units lower than the Australian 

general population norm. HSUV decreased with increasing disability severity: 0.81 (95% CI: 

0.80-0.83), 0.65 (95% CI: 0.63-0.67), 0.54 (95% CI: 0.52-0.56) and 0.48 (95% CI: 0.46-0.50) 

for no, mild, moderate and severe disability, respectively. Lower HRQoL was primarily driven 

by reduced scores on Independent living, Pain, Relationships, Coping, and Self-worth. These 

findings suggest that effective pain management and support to maintain independent living, 

relationships, and self-worth may improve the HRQoL of people with MS. Early diagnosis 

and affordable access to effective treatments to slow or prevent disability accumulation may 

also be helpful. 

The third study (reported in Chapter 5 of this thesis) examines the differences between 

progressive-onset MS (PROMS) and relapse-onset MS (ROMS) in relation to HRQoL using 

the AQoL-8D. The study specifically examines if HSUVs differ significantly between onset 

types, in which health dimensions the differences are most pronounced, and whether these 

differences remain when HSUVs were stratified by disability severity. Adjusted mean overall 

HSUV of PROMS cohort was 0.55, which was 0.07 units lower than that of ROMS cohort. 

The mean physical and psychological super dimension scores for PROMS participants were 

0.51and 0.28, which were 0.07 and 0.06 units lower than for ROMS participants, respectively. 

For the individual health dimensions, the largest difference between two groups was seen in 

independent living (0.17 units), followed by relationships (0.07units) and self-worth (0.07 

units). However, when we stratified HRQoL estimates by disability severity, the differences 

between onset types disappeared. Our results suggest that disability severity-specific HSUV 

estimates based on an overall sample of people with MS equally apply to both onset types, 

suggesting that we do not need to develop separate HSUV inputs for economic evaluation 

models of each MS onset type.  

The fourth study (reported in Chapter 6 of this thesis) presents the annual probabilities of 

changing disability levels in Australians with relapsing-remitting MS. We found that a very 

high proportion of people with MS remained in the same disability states across the course of 

follow-up (93% no/mild, 91% moderate and 100% severe), indicating that on average, MS 

progresses slowly. From no/mild disability, 6.4% (95% CI: 4.7-8.4) and 0.1% (0.0-0.2) 

progressed to moderate and severe disability annually, respectively. From moderate disability, 

6.9% (1.0-11.4) improved (to no/mild state) and 2.6% (1.1-4.5) worsened. From severe 

disability, 0.0% improved to moderate and no/mild disability. Male sex, age at onset, longer 

disease duration, not using immunotherapies greater than 3 months and a history of relapse 
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were related to higher probabilities of worsening. The probabilities of changing disability 

levels presented in this chapter will be helpful in health economic evaluation models aimed at 

predicting long-term disease outcomes and identifying cost-effective MS interventions.  

In summary, this thesis presents a range of studies that were conducted to address the 

substantial knowledge gaps in improving our understanding of the key drivers of the health 

economic burden of MS and MS-related disability progression in Australian and similar 

populations. The disability severity-specific estimates of MS-related costs and HSUVs, as well 

as the probabilities of changing disability levels in MS provided here can be used to populate 

future health economic models of MS for the estimation of life expectancy, quality-adjusted 

life years, and total lifetime costs, and to identify cost-effective interventions for the 

management of MS. 
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Chapter 1: Introduction 

1.1 Background and rationale for the studies 

Multiple sclerosis (MS) is a complex autoimmune/neurodegenerative disease in which the 

myelin sheath covering nerve fibres in the central nervous system (brain, optic nerves and 

spinal cord) is damaged, leading to increasing disability over time, which in turn, negatively 

impacts individuals’ health-related quality of life (HRQoL) and poses a substantial economic 

burden to patients and society in terms of both direct healthcare costs and indirect costs from 

lost productivity. Whilst some past studies have investigated the HRQoL in the form of health 

state utility values (HSUVs) and costs of MS in Australia, the studies had some methodological 

limitations and/or relied on data that are now more than a decade old and lacked information 

that are important to the detailed and comprehensive health economic analyses of MS. 

Additionally, no previous studies in MS-specific disability progression in Australia have been 

published to document the transition probabilities of changing disability levels,  measuring the 

likelihood of an individual moving from one disability state to another over a discrete period 

of time. 

Importantly, the correct implementation of multi-state health economic evaluation models 

aimed at guiding evidence-based reimbursement decisions requires reliable and robust 

estimation of the three key input parameters (i.e.: HSUVs, disease management costs, and 

transition probabilities of changing disability levels). In order to ensure that health economic 

models are representative of the reality, the International Society for Pharmacoeconomics and 

Outcomes Research (ISPOR) has recommended the use of model input parameters that are 

locally derived.1  

Thus, the estimation of updated key input parameters of HSUVs, costs and transition 

probabilities of disability progression from an Australian population of people with MS at 

varying levels of disability severity using the best available data and methodological 

framework is needed to improve our understanding of the key drivers of the health economic 

burden of MS and MS-related disability progression in Australian and similar populations. 

The updated and detailed results obtained through this research are also needed in the ongoing 

development and refining of a gold-standard health economics model of MS (currently under 

construction by our research group) for the estimation of life expectancy, quality-adjusted life 
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years, and total lifetime costs, and to identify cost-effective MS interventions for the 

management of MS in Australian and similar populations.  

1.1.1 Rational for Study 1: Economic costs of MS in Australia 

(reported in Chapter 3)  

MS poses a major economic burden to people with MS, their families, caregivers and society.2 

The costs of managing MS in Australia are substantial, especially given the costly disease 

modifying therapies (DMTs) and tendency of MS to strike people in their most productive life 

years (between 20 and 40 years of age), resulting in considerably reduced work 

hours/productivity/income for people with MS.2,3 Previous studies in MS have shown that MS 

poses both direct and indirect cost burden, and that a high correlation exists between economic 

costs of MS and disease severity.4-37 Whilst a few cost of illness (COI) studies of MS have 

been published in Australia,2,38-40 which have been vital for MS researchers and other 

stakeholders in underpinning advocacy and building the case for increased research and social 

and healthcare supports for Australians with MS, even the most recent2 of these Australian 

studies was based on now more than decade old data. Moreover, the current landscape of MS 

in Australia differs substantially from that at the time of publication of the last COI analysis. 

For example, Australians now have access to a range of higher efficacy and more expensive 

DMTs for relapsing-remitting MS, bringing potential impacts on health outcomes for people 

with MS, and hence, the costs. There is also a strong focus on earlier MS diagnosis and 

treatment due to therapeutic advances and growing evidence of the long-term benefits of early 

intervention. All of this may contribute to differences in the costs of MS management over 

time.  

Importantly, the most recent Australian MS COI study2 did not capture all cost categories/sub-

categories that are important to the detailed and comprehensive analysis of MS-related costs. 

For instance, the study did not account for transport costs associated with the use of private 

car, patient transport, public transport, taxis, and car parking fees by people with MS in relation 

to their disease; and costs from absenteeism and presenteeism that are important to understand 

the full burden of MS associated with work productivity loss. Further to this, the detailed 

breakdown of some of the already covered cost categories in that study (e.g.: prescription 

medication, special equipment, car/home modifications, and lost wages) into more than one 

sub-category was not provided. For example, costs from lost wages can be the result of early 

retirement of people with MS, changes in their employment status (e.g.: from fulltime to part-
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time), or changes in their occupation groups. However, no such breakdown was provided, but 

these details are important to understand the nature and extent of MS-related wage loss burden. 

Additionally, that latest Australian study also followed the conventional approach of grouping 

people with no and mild disability together under one broad category of (mild) disability, 

which may not be the best categorisation scheme due to likely and important differences 

between these severity sub-groups. Finally, the last Australian COI of MS study provided only 

the crude (unadjusted) estimates of costs by disability severity and no multivariable analyses 

were conducted on the relationship between disability severity and costs, which is important 

to know whether the association between MS-related costs and disability severity is partly or 

fully explained by other variables. 

To bridge these evidence gaps, it is important to provide a comprehensive contemporary 

analysis of the updated societal (direct and indirect) costs of MS in Australia, broken down by 

key cost categories, sub-categories, and (more granular) disability severity categories. A direct 

comparison of updated MS-related costs with the previous Australian evidence is also needed 

to know how the cost landscape is changing for Australians with MS. Furthermore, a 

multivariable analysis on the relationship between disability severity and costs can be helpful 

to know whether the association between MS-related costs and disability severity was partly 

or fully explained by other variables, and to identify whether or not covariate adjusted cost 

differences between various disability groups remained statistically significant. Finally, the 

availability of reliable and robust estimates of disability severity-specific MS-related costs can 

facilitate the construction of future health economic models of MS, aimed at predicting 

lifetime costs of MS and identifying cost effective MS interventions for Australians and 

similar populations at varying levels of disability severity. 

1.1.2 Rational for Study 2: HSUVs of MS in Australia (reported in 

Chapter 4)  

HSUV impacts of MS have been well-researched in Europe, 5-29,37,41-51 and other parts of the 

word 32,52-60 using a wide range of client-reported, generic, and disease specific multi-attribute 

utility instruments (MAUIs). While a couple of studies have attempted to investigate the 

impact of MS on HSUVs in an overall sample of Australians with MS,61,62 even the most recent 

of these studies was based on now more than a decade old data. Furthermore, none of these 

studies elicited HSUVs using a preferentially sensitive MAUI, with increased sensitivity for 

capturing and assessing the complex physical and particularly psychosocial health aspects of 
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people with MS. The most recently published study quantifying the HSUVs of Australians 

with MS62 was based on an indirect (judgement-based) method to convert WHOQOL-100 

derived EQ-5D responses to HSUVs, and therefore was unable to evaluate the physical and 

psychosocial drivers of these HSUVs. Finally, the HSUVs of people with MS are likely to 

have changed over time, especially given the current era of increased access to new generation 

higher efficacy DMTs and patient-centric approaches to the management of MS.63  

The updated HSUVs analysis of MS in Australians with different levels of disability severity 

is therefore timely: 1) to understand the impact of MS on HSUVs more fully by addressing the 

limited description of important health dimensions in the EQ-5D by employing a MAUI with 

broader descriptive system and capable of comprehensively capturing the mental health 

(including ‘depression’, ‘sleep’, ‘anger’, ‘self-harm’, ‘despair,’ ‘worry’, ‘sadness’ and ‘calm’), 

social function, energy/tiredness, sexual functioning, communication, sleep, and others ; 2) to 

identify the physical and psychosocial drivers of these HSUVs; 3) and to evaluate the 

relationship between MS-related disability severity and HSUVs to generate reliable and robust 

disability severity-specific HSUVs to guide input choices in the future health economic 

evaluation models of MS.  

1.1.3 Rational for Study 3: HSUVs by MS onset type in Australia 

(reported in Chapter 5)  

HSUVs in overall samples of people with MS have been well researched, however, similar 

research in sub-groups of MS types is scarce and rarely reported in Australia. To date, there is 

only one Australian study reporting HSUVs by MS onset types and suggesting worse HSUVs 

for progressive onset MS (PROMS) than Relapse onset MS (ROMS).64 The findings from that 

study raised the question whether we need to develop separate input HSUVs by disability 

severity for multi-state health economic models of each MS onset type. However, MS onset 

specific HSUV estimates by disability severity were not reported in that study. Furthermore, 

that only Australian study on the topic was based on the EQ-5D (a generic preference-based 

instrument to capture HRQoL) that offers only the limited coverage of health dimensions that 

are important to HRQoL in MS, and hence, was unable to identify the physical and 

psychosocial health drivers of HSUVs in both onset types. 

Therefore, there is a need to employ a MAUI that is capable of comprehensively capturing 

physical and psychosocial health aspects of people with MS to: 1) assess HSUV differences 
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between MS onset types more precisely; 2) identify physical and psychosocial drivers of these 

differences; and 3) obtain MS onset specific HSUVs, stratified by disability severity to guide 

input choices in the future health economic evaluation models of each onset type.  

1.1.4 Rational for Study 4: MS-specific disability progression in 

Australia (reported in Chapter 6)  

Transition probabilities (defined as the movement between health states that determine the 

likelihood of an individual moving from one health state to another over a discrete period of 

time) are widely used in the assessment of disease progression between different levels of 

disease severities.65-68 Multi-state health economic evaluation models aimed at predicting 

disease outcomes and assessing the cost-effectiveness of various MS interventions require 

reliable and robust estimation of transition probabilities of changing disability levels. Whilst 

some research has been conducted on the topic in the US and other parts of the world, no 

previous studies in MS-specific disability progression in Australia have been published to date.  

Thus, the estimation of transition probabilities from an Australian population of people with 

MS at varying levels of disability severity is needed to: 1) generate locally driven transition 

probabilities of changing disability levels to facilitate the constructions of Markov state-

transition models of the progression of MS aimed at predicting long-term disease outcomes 

and assessing the cost-effectiveness of various MS interventions in Australian and similar 

populations; and 2) identify the factors affecting these progression probabilities.  

1.2 Introduction to Data platforms used for the studies in 

this thesis 

This section provides a brief overview of the key data platforms that are used to conduct the 

research reported in this thesis. These are: 1, the Australian Multiple Sclerosis Longitudinal 

Study (AMSLS); 2, the Ausimmune Longitudinal (AusLong) Study; and 3, the Tasmanian MS 

Longitudinal Study (TasMSL). The first three studies in this thesis used the AMSLS and fourth 

one used the AusLong and TasMSL datasets in combination.  

1.2.1 The AMSLS dataset  

The AMSLS (established in 2001) is a large national representative sample of Australians 

living with MS, with an estimated 96% with a confirmed diagnosed of definite MS from a 
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neurologist according to McDonald criteria.69,70 Australian residents, minimum 18 years of 

age with a diagnosis of MS are eligible to join. Recruitment to the AMSLS is ongoing and 

participants can choose to withdraw at any time. A written informed consent to participate in 

the study is obtained from all AMSLS participants. The Study is a partnership between MS 

Research Australia and the Menzies Institute for Medical Research (University of Tasmania) 

and all projects are approved by the AMSLS steering committee, which includes 

representatives from people with MS, the MS societies, MS nurses, neurologists and MS 

Research Australia. The privacy of the AMSLS participants is ensured using unique patient 

identifiers, with only the manager of the database having access to identifying material and 

the researchers using the deidentified data.  

The AMSLS participants complete several (repeated and one-off) surveys each year that have 

been used to provide practical knowledge about the human, economic, workplace, and other 

impacts of MS. 2,3,62,71-74 The analysis presented in Chapters 3, 4 and 5 of this thesis is based 

predominantly on data from the Economic Impact Survey (EIS) 2016 of the AMSLS. The EIS 

2016 consisted of a baseline survey (3,163 active participants invited, 1,577 responded) and, 

and a cost diary (3,163 active participants invited, 488 responded). The baseline survey 

established basic health, employment, and financial profiles of people with MS; as well as 

provided an indication of the indirect costs of MS such as costs from lost wages due to early 

retirement, occupation change, and employment status change; and direct non-medical costs 

such as informal care costs due to carers’ reduced employment. The cost diary captured 

detailed information on various cost categories relating to MS, such as prescription 

medications, non-prescription medications, disposable equipment, health professionals, 

nursing services, community and private services, medical tests, hospital stays, special 

equipment-hire, special equipment-purchase (mobility, visual aids, communications, 

bathroom, kitchen, bedroom, general), alterations to home, alterations to car, and transport. 

The cost diary included (where possible) a comprehensive list of the items related to each cost 

category to assist respondents in reporting information on costs incurred due to MS. 

Participants were asked to complete the cost diary everyday over the six-month period to 

minimise the possibility of any recall bias. Some supplementation of data was achieved 

through other AMSLS surveys that were conducted around the same time. Complete details 

of the AMSLS data used in each of the three studies are provided in the methods sections of 

Chapters 3, 4 and 5.  
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1.2.2 The AusLong and TasMSL datasets  

Data from the Ausimmune Longitudinal Study (AusLong) and Tasmanian MS Longitudinal 

study (TasMSL) are combined to generate the results (on the probabilities of MS progression) 

reported in Chapter 6 of this thesis. The AusLong study is a clinical cohort study built on the 

original Ausimmune case-control study, seeking to identify risk factors for the onset and early 

progression of MS. Participants were recruited as part of the Ausimmune case-control study 

between 2003-2006, and have been followed up in the AusLong study since 2009.75The 

Ausimmune/AusLong Study includes 279 people with a first clinical diagnosis of central 

nervous system demyelination, about 69% and 75% of whom had converted to MS by 2/3-

year review and 5-year review, respectively.76 Face-to-face assessments occurred in the 

Ausimmune Study at baseline and 2/3-year reviews, and in the AusLong Study at year 5; year 

10 reviews are in progress. The analysis presented in Chapter 6 of this thesis includes data 

from entry into the Ausimmune Study (“study entry”) until the 5-year (AusLong) review. The 

AusLong study had a 85% retention rate at 5 years. Of all Ausimmune/AusLong cases, 258 

had an eventual diagnosis of relapsing-onset disease type. Of those, 169 participants had a 

“classic first demyelinating episode (FDE)”, with their initial onset event occurring just prior 

to study participation. The remaining 89 participants had their initial onset event in the more 

distant past, but this was not recognised at that point as a FDE. The AusLong study was 

approved by nine regional Human Research Ethics Committees, with informed consent from 

all study participants obtained prior to participation.75,76  

The TasMSL Study was originally designed to evaluate the role of UV exposure and 25(OH)D 

on the clinical course of MS according to 2001 McDonald criteria.77 TasMSL is a prospective 

cohort study of 198 prevalent cases with definite MS living in southern Tasmania 

(Australia).78,79 Of all TasMSL cases, 149 had RRMS at onset. The TasMSL Study followed 

people with MS for an average of 2.3 years (between 2002 and 2005); with face-to-face 

reviews every six months for patient interview, collection of biological samples, and clinical 

assessments. Clinical disability and cognitive function were assessed at annual review, while 

relapses were reported in real time by telephone. Ethics approval was obtained from the 

Southern Tasmania Human Research Ethics Committee, and all study participants provided 

informed consent prior to participation.80 The analysis presented in Chapter 6 of this thesis 

includes data from entry into the TasMSL study until the final review in 2005. Complete 
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details of the AusLong and TasMSL data used in estimating the transition probabilities of 

changing disability levels in MS are provided in the methods sections of Chapter 6. 

1.3 Main objectives of the studies included in this thesis.  

This section lists the key objectives of each of the four studies included in this research thesis.  

1.3.1 Study 1: Economic costs of MS in Australia (reported in 

Chapter 3)  

1. To provide a comprehensive contemporary analysis of the updated societal (direct and 

indirect) costs of MS in Australia, broken down by key cost categories, sub-categories, 

and disability severity;  

2. To provide a direct comparison of updated MS-related costs with the previous 

Australian evidence to know how the cost landscape is changing for Australians with 

MS; 

3. To conduct multivariable analyses on the relationship between disability severity and 

costs to predict the economic burden of MS for people with alternative clinical and 

sociodemographic profiles, and to identify whether or not covariate adjusted costs 

differences between various disability groups remained statistically significant; and 

4.  To generate reliable and robust estimates of disability severity-specific MS-related 

costs to facilitate the construction of future health economic models of MS, aimed at 

predicting lifetime costs of MS and identifying cost effective MS interventions for 

Australians and similar populations at varying levels of disability severity.  

1.3.2 Study 2: HSUVs of MS in Australia (reported in Chapter 4)  

1. To understand the impact of MS on HSUVs more fully by employing a MAUI with 

broader descriptive system and capable of comprehensively capturing the various 

health aspects that are important to HRQoL in MS; and  

2. To evaluate the relationship between MS-related disability severity and HSUVs, and 

to generate reliable and robust disability severity-specific HSUVs to guide input 

choices in the future health economic evaluation models of MS.  
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1.3.3 Study 3: HSUVs by MS onset type in Australia (reported in 

Chapter 5)  

1. To perform an assessment of HSUV differences between MS onset types by employing 

a preferentially sensitive MAUI that is capable of comprehensively capturing and 

assessing the physical and psychosocial health aspects of people with MS; 

2. To identify physical and psychosocial drivers of inter-MS onset HSUV differences; 

and 

3. To obtain MS onset and disability-severity specific (crude and covariate adjusted) 

HSUVs to guide input choices in the future health economic evaluation models of each 

onset type.  

1.3.4 Study 4: MS-specific disability progression in Australia 

(reported in Chapter 6) 

1. To generate locally driven transition probabilities of changing disability levels in MS 

(to facilitate the constructions of Markov state-transition models of the progression of 

MS aimed at predicting long-term disease outcomes and assessing the cost-

effectiveness of various interventions in Australian and similar populations); and  

2. To identify the sociodemographic and other factors affecting the probabilities of 

disability progression in MS 

1.4 Outline of the thesis  

This thesis focuses on the estimation of updated key input parameters (i.e.: HSUVs, Costs and 

Transition probabilities of disability progression) from an Australian dataset of people with 

MS at varying levels of disability severity using the best available data and methodological 

framework to improve our understanding of the key drivers of the health economic burden of 

MS and MS-related disability progression in Australian and similar populations. Chapter 1 

presented here provides a brief overview of the thesis including the background and rationale 

for the four included studies, data platforms used, and key aims/objectives of the studies 

included in this research thesis.  

Chapter 2 provides a detailed overview of the literature that is important to this thesis. The 

chapter starts by introducing MS, clinical course of MS, MS onset types, diagnosis and 
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symptoms of MS, prevalence of MS, disability measurement in MS, and MS disease 

management approaches. Then, an overview of health economics, health economic 

evaluations and the relevant key concepts such as health-related quality of life, health state 

utility values, disease management costs, and transition probabilities of disease progression is 

provided. The final section of Chapter 2 provides a comprehensive summary of the existing 

international and Australian literature documenting the HSUVs, economic costs and transition 

probabilities of changing disability levels in MS; and identifies the evidence gaps in these 

areas for Australia. Chapter 3 documents Study 1 that provides a comprehensive contemporary 

analysis of the full economic costs of MS in Australia. Chapter 4 documents Study two that 

assesses HSUVs in Australians with all types of MS. Chapter 5 documents Study three that 

assesses the inter-MS onset type HSUV differences using Australian data. Chapter 6 

documents Study four that estimates the transition probabilities of changing disability levels 

in Australian with MS. Chapter 7 then summarises the key findings of the included studies and 

discusses their key strengths and weaknesses. A final section provides direction for future 

research, based on the findings from this thesis as well as those from the existing literature in 

the field. 

1.5 References 

1. Drummond M, Barbieri M, Cook J, et al. Transferability of economic evaluations

across jurisdictions: ISPOR Good Research Practices Task Force report. Value in

health. 2009;12(4):409-418.

2. Palmer AJ, Colman S, O’Leary B, Taylor BV, Simmons RD. The economic impact of

multiple sclerosis in Australia in 2010. Multiple Sclerosis Journal.

2013:1352458513488230.

3. Palmer AJ, van der Mei I, Taylor BV, Clarke PM, Simpson Jr S, Ahmad H. Modelling

the impact of multiple sclerosis on life expectancy, quality-adjusted life years and total

lifetime costs: Evidence from Australia. Multiple Sclerosis Journal.

2019:1352458519831213.

4. Patwardhan MB, Matchar DB, Samsa GP, McCrory DC, Williams RG, Li TT. Cost of

multiple sclerosis by level of disability: a review of literature. Mult Scler.

2005;11(2):232-239.



Chapter 1 

11 

5. Berg J, Lindgren P, Fredrikson S, Kobelt G. Costs and quality of life of multiple 

sclerosis in Sweden. The European Journal of Health Economics. 2006;7(2):75-85. 

6. Kobelt G. Costs and quality of life for patients with multiple sclerosis in Belgium. The 

European Journal of Health Economics. 2006;7(2):24-33. 

7. Kobelt G, Berg J, Lindgren P. Costs and quality of life in multiple sclerosis in The 

Netherlands. The European Journal of Health Economics. 2006;7(2):55-64. 

8. Kobelt G, Berg J, Lindgren P, Battaglia M, Lucioni C, Uccelli A. Costs and quality of 

life of multiple sclerosis in Italy. The European Journal of Health Economics. 

2006;7(2):45-54. 

9. Kobelt G, Berg J, Lindgren P, et al. Costs and quality of life of multiple sclerosis in 

Germany. The European journal of health economics. 2006;7(2):34-44. 

10. Kobelt G, Berg J, Lindgren P, Gerfin A, Lutz J. Costs and quality of life of multiple 

sclerosis in Switzerland. The European Journal of health economics. 2006;7(2):86-95. 

11. Kobelt G, Berg J, Lindgren P, et al. Costs and quality of life of multiple sclerosis in 

Spain. The European Journal of Health Economics. 2006;7(2):65-74. 

12. Kobelt G, Berg J, Lindgren P, Kerrigan J, Russell N, Nixon R. Costs and quality of life 

of multiple sclerosis in the United Kingdom. The European Journal of Health 

Economics. 2006;7(2):96-104. 

13. Kobelt G, Berg J, Lindgren P, et al. Costs and quality of life of multiple sclerosis in 

Austria. The European Journal of Health Economics. 2006;7(2):14-23. 

14. Uitdehaag B, Kobelt G, Berg J, Capsa D, Dalén J. New insights into the burden and 

costs of multiple sclerosis in Europe: Results for the Netherlands. Mult Scler. 

2017;23(2_suppl):117-129. 

15. Thompson A, Kobelt G, Berg J, Capsa D, Eriksson J, Miller D. New insights into the 

burden and costs of multiple sclerosis in Europe: Results for the United Kingdom. Mult 

Scler. 2017;23(2_suppl):204-216. 

16. Selmaj K, Kobelt G, Berg J, Orlewska E, Capsa D, Dalén J. New insights into the 

burden and costs of multiple sclerosis in Europe: Results for Poland. Multiple Sclerosis 

Journal. 2017;23(2_suppl):130-142. 



Chapter 1 

12 

17. Sá MJ, Kobelt G, Berg J, Capsa D, Dalén J. New insights into the burden and costs of 

multiple sclerosis in Europe: Results for Portugal. Multiple Sclerosis Journal. 

2017;23(2_suppl):143-154. 

18. Rasmussen PV, Kobelt G, Berg J, Capsa D, Gannedahl M. New insights into the 

burden and costs of multiple sclerosis in Europe: Results for Denmark. Multiple 

Sclerosis Journal. 2017;23(2_suppl):53-64. 

19. Péntek M, Kobelt G, Berg J, et al. New insights into the burden and costs of multiple 

sclerosis in Europe: Results for Hungary. Multiple Sclerosis Journal. 

2017;23(2_suppl):91-103. 

20. Oreja-Guevara C, Kobelt G, Berg J, Capsa D, Eriksson J. New insights into the burden 

and costs of multiple sclerosis in Europe: Results for Spain. Multiple Sclerosis Journal. 

2017;23(2_suppl):166-178. 

21. Lebrun-Frenay C, Kobelt G, Berg J, Capsa D, Gannedahl M. New insights into the 

burden and costs of multiple sclerosis in Europe: Results for France. Multiple Sclerosis 

Journal. 2017;23(2_suppl):65-77. 

22. Havrdova E, Kobelt G, Berg J, Capsa D, Gannedahl M, Doležal T. New insights into 

the burden and costs of multiple sclerosis in Europe: Results of the Czech Republic. 

Multiple Sclerosis Journal. 2017;23(2_suppl):41-52. 

23. Flachenecker P, Kobelt G, Berg J, Capsa D, Gannedahl M. New insights into the 

burden and costs of multiple sclerosis in Europe: Results for Germany. Multiple 

Sclerosis Journal. 2017;23(2_suppl):78-90. 

24. Dubois B, Kobelt G, Berg J, Capsa D, Gannedahl M. New insights into the burden and 

costs of multiple sclerosis in Europe: Results for Belgium. Multiple Sclerosis Journal. 

2017;23(2_suppl):29-40. 

25. Calabrese P, Kobelt G, Berg J, Capsa D, Eriksson J. New insights into the burden and 

costs of multiple sclerosis in Europe: Results for Switzerland. Multiple Sclerosis 

Journal. 2017;23(2_suppl):192-203. 

26. Brundin L, Kobelt G, Berg J, Capsa D, Eriksson J. New insights into the burden and 

costs of multiple sclerosis in Europe: Results for Sweden. Multiple Sclerosis Journal. 

2017;23(2_suppl):179-191. 



Chapter 1 

13 

27. Boyko A, Kobelt G, Berg J, et al. New insights into the burden and costs of multiple 

sclerosis in Europe: Results for Russia. Multiple Sclerosis Journal. 

2017;23(2_suppl):155-165. 

28. Berger T, Kobelt G, Berg J, Capsa D, Gannedahl M. New insights into the burden and 

costs of multiple sclerosis in Europe: Results for Austria. Multiple Sclerosis Journal. 

2017;23(2_suppl):17-28. 

29. Battaglia M, Kobelt G, Ponzio M, Berg J, Capsa D, Dalén J. New insights into the 

burden and costs of multiple sclerosis in Europe: Results for Italy. Multiple Sclerosis 

Journal. 2017;23(2_suppl):104-116. 

30. Johansson E, Gustavsson A, Miltenburger C, et al. Treatment experience, burden and 

unmet needs (TRIBUNE) in MS study: results from France. Mult Scler. 2012;18(2 

Suppl):17-22. 

31. Karabudak R, Karampampa K, Calışkan Z. Treatment experience, burden and unmet 

needs (TRIBUNE) in MS study: results from Turkey. J Med Econ. 2015;18(1):69-75. 

32. Karampampa K, Gustavsson A, Miltenburger C, Kindundu CM, Selchen DH. 

Treatment experience, burden, and unmet needs (TRIBUNE) in multiple sclerosis: the 

costs and utilities of MS patients in Canada. J Popul Ther Clin Pharmacol. 

2012;19(1):e11-25. 

33. Karampampa K, Gustavsson A, Miltenburger C, Mora S, Arbizu T. Treatment 

experience, burden and unmet needs (TRIBUNE) in MS study: results from Spain. 

Mult Scler. 2012;18(2 Suppl):35-39. 

34. Karampampa K, Gustavsson A, Miltenburger C, Neidhardt K, Lang M. Treatment 

experience, burden and unmet needs (TRIBUNE) in MS study: results from Germany. 

Mult Scler. 2012;18(2 Suppl):23-27. 

35. Karampampa K, Gustavsson A, Miltenburger C, Teruzzi C, Fattore G. Treatment 

experience, burden and unmet needs (TRIBUNE) in MS study: results from Italy. Mult 

Scler. 2012;18(2 Suppl):29-34. 

36. Karampampa K, Gustavsson A, Miltenburger C, Tyas D. Treatment experience, 

burden and unmet needs (TRIBUNE) in MS study: results from the United Kingdom. 

Mult Scler. 2012;18(2 Suppl):41-45. 



Chapter 1 

14 

37. Karampampa K, Gustavsson A, van Munster ET, et al. Treatment experience, burden, 

and unmet needs (TRIBUNE) in Multiple Sclerosis study: the costs and utilities of MS 

patients in The Netherlands. J Med Econ. 2013;16(7):939-950. 

38. Covance, Palmer AJ. Economic Impact of Multiple Sclerosis 2010. Prepared for MS 

Research Australia by Covance Pty Ltd, North Ryde, NSW, and Prof. Andrew Palmer, 

Menzies Research Institute Tasmania, TAS, Australia, 2011. 

http://www.msra.org.au/files/msra/docs/Economic%20Impact%20of%20MS%20in%

202010%20Full%20Report%20v2.pdf. Accessed January 2017. 

39. Access Economics. Acting positively: strategic implications of the economic costs of 

MS in Australia. 2005; Accessed 06/2011; Available from: 

http://www.accesseconomics.com.au/publicationsreports/getreport.php?report=7&id

=7. 

40. Taylor B, McDonald E, Fantino B, et al. The cost of multiple sclerosis in Australia. 

Journal of clinical neuroscience. 2007;14(6):532-539. 

41. Forbes RB, Lees A, Waugh N, Swingler RJ. Population based cost utility study of 

interferon beta-1b in secondary progressive multiple sclerosis. Bmj. 

1999;319(7224):1529-1533. 

42. Parkin D, Jacoby A, McNamee P, Miller P, Thomas S, Bates D. Treatment of multiple 

sclerosis with interferon β: an appraisal of cost-effectiveness and quality of life. 

Journal of Neurology, Neurosurgery & Psychiatry. 2000;68(2):144-149. 

43. Orme M, Kerrigan J, Tyas D, Russell N, Nixon R. The effect of disease, functional 

status, and relapses on the utility of people with multiple sclerosis in the UK. Value in 

health. 2007;10(1):54-60. 

44. Jones KH, Ford DV, Jones PA, et al. How people with multiple sclerosis rate their 

quality of life: an EQ-5D survey via the UK MS register. PLoS One. 2013;8(6):e65640. 

45. Hawton A, Green C. Health utilities for multiple sclerosis. Value in health. 

2016;19(4):460-468. 

46. Henriksson F, Fredrikson S, Masterman T, Jönsson B. Costs, quality of life and disease 

severity in multiple sclerosis: a cross‐sectional study in Sweden. European journal 

of neurology. 2001;8(1):27-35. 

http://www.msra.org.au/files/msra/docs/Economic%20Impact%20of%20MS%20in%202010%20Full%20Report%20v2.pdf
http://www.msra.org.au/files/msra/docs/Economic%20Impact%20of%20MS%20in%202010%20Full%20Report%20v2.pdf
http://www.accesseconomics.com.au/publicationsreports/getreport.php?report=7&id=7
http://www.accesseconomics.com.au/publicationsreports/getreport.php?report=7&id=7


Chapter 1 

15 

47. Svensson M, Fajutrao L. Costs of formal and informal home care and quality of life 

for patients with multiple sclerosis in Sweden. Multiple sclerosis international. 

2014;2014. 

48. Gyllensten H, Kavaliunas A, Alexanderson K, Hillert J, Tinghög P, Friberg E. Costs 

and quality of life by disability among people with multiple sclerosis: a register-based 

study in Sweden. Multiple Sclerosis Journal–Experimental, Translational and 

Clinical. 2018;4(3):2055217318783352. 

49. Kobelt G, Lindgren P, Smala A, et al. Costs and quality of life in multiple sclerosis. 

The European Journal of Health Economics (HEPAC). 2001;2(2):60-68. 

50. Reese JP, Wienemann G, John A, et al. Preference-based Health status in a German 

outpatient cohort with multiple sclerosis. Health and quality of life outcomes. 

2013;11(1):162. 

51. Karabudak R, Karampampa K, Çalışkan Z, Group TS. Treatment experience, burden 

and unmet needs (TRIBUNE) in MS study: results from Turkey. Journal of medical 

economics. 2015;18(1):69-75. 

52. Grima D, Torrance G, Francis G, Rice G, Rosner A, Lafortune L. Cost and health 

related quality of life consequences of multiple sclerosis. Multiple Sclerosis Journal. 

2000;6(2):91-98. 

53. Fisk J, Brown M, Sketris I, Metz L, Murray T, Stadnyk K. A comparison of health 

utility measures for the evaluation of multiple sclerosis treatments. Journal of 

Neurology, Neurosurgery & Psychiatry. 2005;76(1):58-63. 

54. Jones CA, Pohar SL, Warren S, Turpin KV, Warren KG. The burden of multiple 

sclerosis: a community health survey. Health and Quality of Life Outcomes. 

2008;6(1):1. 

55. Berrigan LI, Fisk JD, Patten SB, et al. Health-related quality of life in multiple 

sclerosis: direct and indirect effects of comorbidity. Neurology. 2016;86(15):1417-

1424. 

56. Prosser LA, Kuntz KM, Bar-Or A, Weinstein MC. Patient and community preferences 

for treatments and health states in multiple sclerosis. Multiple Sclerosis Journal. 

2003;9(3):311-319. 



Chapter 1 

16 

57. Oleen-Burkey M, Castelli-Haley J, Lage MJ, Johnson KP. Burden of a multiple 

sclerosis relapse. The Patient-Patient-Centered Outcomes Research. 2012;5(1):57-69. 

58. Campbell JD, Ghushchyan V, McQueen RB, et al. Burden of multiple sclerosis on 

direct, indirect costs and quality of life: National US estimates. Multiple sclerosis and 

related disorders. 2014;3(2):227-236. 

59. Gupta S, Goren A, Phillips AL, Dangond F, Stewart M. Self-reported severity among 

patients with multiple sclerosis in the US and its association with health outcomes. 

Multiple sclerosis and related disorders. 2014;3(1):78-88. 

60. Nicholas JA, Electricwala B, Lee LK, Johnson KM. Burden of relapsing-remitting 

multiple sclerosis on workers in the US: a cross-sectional analysis of survey data. BMC 

neurology. 2019;19(1):258. 

61. Khan F, McPhail T, Brand C, Turner-Stokes L, Kilpatrick T. Multiple sclerosis: 

disability profile and quality of life in an Australian community cohort. International 

Journal of Rehabilitation Research. 2006;29(2):87-96. 

62. Ahmad H, Taylor BV, van der Mei I, et al. The impact of multiple sclerosis severity 

on health state utility values: Evidence from Australia. Multiple Sclerosis Journal. 

2017;23(8):1157-1166. 

63. Giovannoni G. Disease-modifying treatments for early and advanced multiple 

sclerosis: a new treatment paradigm. Current opinion in neurology. 2018;31(3):233-

243. 

64. Zhang Y, van der Mei I, Taylor BV, Simpson Jr S, Blizzard L. Patient-reported 

outcomes are worse for progressive-onset MS than relapse-onset MS, particularly early 

in the disease process. Paper presented at: MULTIPLE SCLEROSIS JOURNAL2017. 

65. Fleurence RL, Hollenbeak CS. Rates and probabilities in economic modelling. 

Pharmacoeconomics. 2007;25(1):3-6. 

66. Mandel M, Mercier F, Eckert B, Chin P, Betensky RA. Estimating Time to Disease 

Progression Comparing Transition Models and Survival Methods—An Analysis of 

Multiple Sclerosis Data. Biometrics. 2013;69(1):225-234. 



Chapter 1 

17 

67. Mandel M, Betensky RA. Estimating time-to-event from longitudinal ordinal data 

using random-effects Markov models: application to multiple sclerosis progression. 

Biostatistics. 2008;9(4):750-764. 

68. Gauthier S, Mandel M, Guttmann C, et al. Predicting short-term disability in multiple 

sclerosis. Neurology. 2007;68(24):2059-2065. 

69. Polman CH, Reingold SC, Edan G, et al. Diagnostic criteria for multiple sclerosis: 

2005 revisions to the “McDonald Criteria”. Annals of Neurology: Official Journal of 

the American Neurological Association and the Child Neurology Society. 

2005;58(6):840-846. 

70. Taylor BV, Palmer A, Simpson S, et al. Assessing possible selection bias in a national 

voluntary MS longitudinal study in Australia. Multiple Sclerosis Journal. 

2013:1352458513481511. 

71. Campbell JA, Simpson J, Ahmad H, Taylor BV, van der Mei I, Palmer A. Change in 

multiple sclerosis prevalence over time in Australia 2010-2017 utilising disease 

modifying therapy prescription data. Multiple Sclerosis Journal. 

2019;https://doi.org/10.1177/1352458519861270 . 

72. Chen J, Taylor B, Palmer AJ, et al. Estimating MS-related work productivity loss and 

factors associated with work productivity loss in a representative Australian sample of 

people with multiple sclerosis. Multiple Sclerosis Journal. 2019;25(7):994-1004. 

73. Chen J, Taylor BV, Blizzard L, Simpson Jr S, Palmer AJ, van der Mei IA. Effects of 

multiple sclerosis disease-modifying therapies on employment measures using patient-

reported data. J Neurol Neurosurg Psychiatry. 2018;89(11):1200-1207. 

74. Van Dijk PA, Kirk-Brown AK, Taylor B, van der Mei I. Closing the gap: Longitudinal 

changes in employment for Australians with multiple sclerosis. Multiple Sclerosis 

Journal. 2017;23(10):1415-1423. 

75. Pan G, Simpson S, van der Mei I, et al. Role of genetic susceptibility variants in 

predicting clinical course in multiple sclerosis: a cohort study. Journal of Neurology, 

Neurosurgery & Psychiatry. 2016;87(11):1204-1211. 

https://doi.org/10.1177/1352458519861270


Chapter 1 

18 

76. Saul A, Ponsonby A-L, Lucas RM, et al. Stressful life events and the risk of initial 

central nervous system demyelination. Multiple Sclerosis Journal. 

2016:1352458516667566. 

77. McDonald WI, Compston A, Edan G, et al. Recommended diagnostic criteria for 

multiple sclerosis: guidelines from the International Panel on the diagnosis of multiple 

sclerosis. Annals of Neurology: Official Journal of the American Neurological 

Association and the Child Neurology Society. 2001;50(1):121-127. 

78. Pittas F, Ponsonby A-L, van der Mei IA, et al. Smoking is associated with progressive 

disease course and increased progression in clinical disability in a prospective cohort 

of people with multiple sclerosis. Journal of neurology. 2009;256(4):577-585. 

79. Simpson Jr S, Taylor B, Blizzard L, et al. Higher 25‐hydroxyvitamin D is associated 

with lower relapse risk in multiple sclerosis. Annals of neurology. 2010;68(2):193-203. 

80. Lin R, Taylor BV, Simpson S, et al. Association between multiple sclerosis risk-

associated SNPs and relapse and disability–a prospective cohort study. Multiple 

Sclerosis Journal. 2013:1352458513496882. 



Chapter 2 

19 

Chapter 2: Background on key topics in the health 

economics of multiple sclerosis 

2.1 Introduction to Multiple Sclerosis (definition, biology 

and pathology) 

Multiple sclerosis (MS) is an autoimmune/neurodegenerative disease in which the myelin 

sheath covering nerve fibres in the central nervous system (CNS) is damaged, leading to 

secondary axonal damage and neuronal death. MS leads to increasing disability over time due 

to impairment of cognitive, motor and sensory functions, a substantial socioeconomic burden 

due to the combination of requirements for medical care and reduced employment and low 

individual health-related quality of life (HRQoL) as it affects both the physical, psychosocial 

and other health aspects of the life of people with MS over time1-3 4  

MS tends to strike people in their most productive life years (between 20 and 40 years in 

Australia).5,6 MS creates the below mentioned four main effects on the body:  

1) Inflammation—a slight swelling in the CNS that leads to the formation of scars (also called 

plaques or lesions) on the brain, spinal cord, or optic nerves.  

2) Neurodegeneration—the breakdown of nerve cells so that they can no longer effectively 

pass information between the brain and the body or within the brain.  

3) Demyelination—destroying the insulating cells coating nerve cells, which interferes with 

the nerve cell’s ability to transmit information between the brain and the body or within the 

brain itself.  

4) Breakdown of remyelination —the other parts of MS pathology overwhelm the body’s 

ability to re-cover nerve cells with myelin. 

2.1.1 Types of multiple sclerosis (clinical course, MS onset types) 

Approximately 85-90% of MS cases start as relapsing remitting multiple sclerosis (RRMS), 

with episodes of relapsing and remitting neurological dysfunction followed by partial or full 

recovery.7-9 With time, most of these cases enter a progressive phase of MS, characterised by 

gradual increase in disability without relapses/remissions, referred to as secondary progressive 

MS (SPMS).7-9 The remaining 10-15% of cases experience continuous neurological worsening 
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from the onset and accumulate disability steadily over time, and are classified as primary 

progressive MS (PPMS).7-9 A previous fourth MS phenotype (progressive relapsing MS 

[PRMS]), characterised by steady disability accumulation at the onset with occasional 

superimposed relapses/remissions, was incorporated into PPMS in 2013.10  

Figure 2.1 Classification of Multiple Sclerosis phenotypes 

Relapsing-remitting MS (RRMS) Secondary progressive MS (SPMS) 

  

Primary progressive MS (PPMS): Progressive relapsing MS (PRMS) 

 
 

Source: Latvian Society of Neuroimmuologists (https://neuroimmunology.lv/eng/multiple-sclerosis-ms/) 

According to the onset type, people with MS can therefore be grouped into the categories of 

relapse onset MS (ROMS) that includes both RRMS and SPMS and progressive onset MS 

(PROMS) including PPMS and PRMS.7-9 Figure 2.1 provides a graphical illustration of the 

four MS phenotypes. 

https://neuroimmunology.lv/eng/
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2.1.2 Diagnosis and Symptoms 

There is no test for MS, hence, the diagnosis of MS relies on the integration of clinical 

presentation to look for the evidence of MS symptoms or a family history of MS, magnetic 

resonance imaging, visual evoked potentials, and lumber puncture. MRI look for signs of 

inflammation and lesions. Visual evoked potentials look for evidence that MS has affected the 

optic nerves. Finally, lumber puncture looks for evidence that the immune system is attacking 

the CNS and ruling out other possible diseases that cause similar symptoms. The McDonald 

criteria are the most used diagnostic criteria that combine clinical grounds of neurologic 

lesions disseminated in both time and space.11,12  

The 2017 McDonald Criteria12 continue to apply primarily to patients experiencing a typical 

clinically isolated syndrome (CIS) at onset which shows characteristics that could be RRMS 

but has yet to fulfill remaining criteria.10 Therefore, to more confidently diagnose MS, a 

clinician needs to integrate the information from several sources. For people with PROMS, 

the McDonald criteria are modified to use with one year of retrospectively or prospectively 

determined disability progression in the absence of a relapse and meeting two of three MRI or 

laboratory ctrieria.12. To date, no clear criteria defining the conversion point from RRMS to 

SPMS exists. However, the currently accepted best definition of SPMS requires an Expanded 

Disability Status Scale (EDSS) score ≥4.0 and a pyramidal score ≥2, an EDSS score increase 

between 0.5 (among people with EDSS <6.0) and 1 (among those with EDSS >7.0) in the 

absence of relapses and confirmed at three months.  

MS symptoms are caused by the effect of MS on the body and vary between patients and over 

time. Because MS affects the CNS which controls the whole body, symptoms of MS can occur 

anywhere in the body, depending on the timing, severity, and location of neurological 

lesions.13,14 MS symptoms can be non-specific, meaning that they could be caused by several 

diseases and are not specific to MS. Common MS symptoms include fatigue, vision problems, 

weakness in the limbs, muscle spasms/stiffness/weakness, sensory problems (e.g.: numbness 

and tingling), mobility problems, neuropathic and/or musculoskeletal pain, bladder and bowl 

problems, speech and swallowing difficulties, cognitive impairments, anxiety and 

depression.13,14 MS symptoms (individually or in combination with each other) may 

significantly impact the HRQoL of people with MS, their daily activities, work productivity, 

income and disease management costs.14 



Chapter 2 

22 

2.1.3 Disability measurement in MS 

Disability in MS is most commonly measured using a 20-step gold-standard Expanded 

Disability Status Scale (EDSS) scale ( that ranges between 0 and 10)15. The EDSS is scored 

based on a combination of walking ability and the clinicians’ graded scores of eight functional 

systems: 1, pyramidal system; 2, visual function; 3, cerebellar system; 4, brainstem function; 

5, sensory function; 6, bladder and bowl function; 7, cerebral function; and 8, others.  

The Patient-Determined Disease Steps (PDDS) Scale is a validated patient-reported outcome 

of mobility-based functional disability, and is also used to assess MS-related disability.16 

PDDS has nine ordinal levels (ranging from 0: normal to 8: bedridden) and correlates highly 

with the gold-standard EDSS.15-20 The EDSS equivalents of the PDDS scores are commonly 

obtained to classify people with MS into the disability categories of no, mild, moderate and 

severe disability (Table 2.1).5,6,17,21,22  

Table 2.1 Approximate EDSS equivalents of the PDDS 

Patient-Determined Disease Steps (Description) 

Approximate 

EDSS 

Equivalent 

Broad 

Disability 

Category 
0 (I may have some mild symptoms, mostly sensory, due to MS but they 

do not limit my activity or lifestyle) 0 No Disability 

1 (I have some noticeable symptoms from my MS, but they are minor and 

have only a small effect on my lifestyle) 

1 

Mild 

Disability  2 (I don't have any limitations in my walking ability. However, I do have 

problems due to MS that limit daily activities in other ways) 

2-3 

3 (MS does interfere with my activities, especially walking. I can work a 

full day, but athletic or physically demanding activities are more difficult 

than they used to be. I usually don’t need to use a walking stick (cane) or 

other walking aid, but I might during an MS attack) 

4-5 

Moderate 

Disability 

4 (I can walk about 8 meters (or 25 feet) without using a walking stick 

(cane) or other walking aid such as a splint, brace, or crutch, but I may 

use a walking aid for greater distances) 

6 

5 (To be able to walk 8 meters (or 25 feet), I have to have a walking stick 

(cane), a single crutch, or someone to hold onto. I can get around the 

house by holding onto furniture or touching the walls for support. I may 

use a scooter or wheelchair for greater distances) 

6 

6 (To walk 8 meters (or 25 feet), I must have two walking sticks (canes), 

two crutches, or a walking frame (walker). I may use a scooter or 

wheelchair for greater distances) 

6.5 

Severe 

Disability 
7 (My main form of mobility is a wheelchair. I may be able to stand and/or 

take one or two steps, but I can’t walk 8 meters (or 25 feet), even with 

crutches or a walking frame) 

7 

8 (I am unable to sit in a wheelchair for more than 1 hour, and I spend 

most of my time in bed) 

8-9 

Notes: EDSS= Expanded Disability Status Scale, PDDS=Patient-Determined Disease Steps  
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2.1.4 MS disease management approaches 

MS disease management can include more than one approaches. These include: 1, monitoring 

to ensure that a treatment or behavioural change is working its way; 2, symptoms management 

to reduce the impact of symptoms without affecting the underlying disease biology; using 

physical activities, brain and cognitive exercises, cognitive behavioural therapies and 

symptom-specific MS medications; 3, behavioural changes (e.g.: quitting smoking, eating 

healthy diet, doing exercises and being sun smart); 4, support networks (e.g.: family and 

friends, health care providers, MS societies and educational resources); and 5, disease 

modifying therapies (DMTs) to treat MS by supressing disease activity to reduce relapses and 

MRI lesion loads.23 The first DMT for MS (interferon-beta) was approved in the US, Europe, 

and Australia during early-to-mid-1990s.24,25  

Table 2.2 Publicly subsidized DMTs that are available for use in Australia in 2020 

Name 
Administration 

Route 
Frequency 

TGA 

Approval 

Date 

Treatment Best For 

Beta interferon-1a 

(Avonex) 
Injection Weekly Aug 2001 RRMS 

Peginterferon beta-1a 

(Plegridy) 
Injection Fortnightly Nov 2014 RRMS 

Betaferon 

(Beta interferon-1b) 
Injection Alternate days Aug 2002 RRMS 

Interferon beta-1a 

(Rebif) 
Injection Three times a week Jan 2000 RRMS 

Glatiramer Acetate 

(Copaxone) 
Injection Three times a week Dec 2003 RRMS 

Cladribine (Mavenclad) 
Oral 

Two treatment courses, 

twelve months apart 
Sep 2010 RRMS 

Dimethyl fumarate 

(Tecfidera) 
Oral Twice daily Jul 2013 RRMS 

Fampridine (Fampyra) Oral Twice daily May 2011 RRMS 

Fingolimod (Gilenya) Oral Daily Jan 2011 RRMS 

Teriflunomide (Aubagio) Oral Daily Nov 2012 RRMS 

Siponimod (Mayzent) Oral Daily Nov 2019 SPMS 

Ozanimod (Zeposia) 
Oral Daily Jul 2020 

Adults with Relapsing 

Forms of MS 

Alemtuzumab 

(Lemtrada) 
Infusion 

Two infusions, twelve 

months apart 
Dec 2013 RRMS 

Natalizumab (Tysabri) Infusion Every four weeks Nov 2006 RRMS 

Ocrelizumab (Ocrevus) Infusion Biannually Jul 2017 RRMS and PPMS 

Source: MS Research Australia (https://msra.org.au/treatments) 

DMT=disease modifying therapy, TGA= Therapeutic Goods Administration, RRMS=Relapsing-remitting MS, 

SPMS=Secondary Progressive MS, PPMS=Primary progressive MS 

DMTs have recorded remarkable advancements over time, with 15 approved DMTs presently 

available and publicly subsidised for use in Australia (Table 2.2). These are interferon β-1b 

(Betaferon), interferon β-1a (Rebif), interferon β-1a (Avonex), pegylated interferon β-1a 

https://msra.org.au/treatments
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(Plegridy), glatiramer acetate (Copaxone), natalizumab (Tysabri), fingolimod (Gilenya), 

teriflunomide (Aubagio), dimethyl fumarate (Tecfidera), alemtuzumab (Lemtrada), Cladribine 

(Mavenclad), Fampridine (Fampyra), Siponimod (Mayzent), Ozanimod (Zeposia) and 

Ocrelizumab (Ocrevus). 

As shown in Table 2.2 most DMTs are approved for treating RRMS. Some progress has been 

achieved in treating progressive forms of MS in Australia, with the introduction of 

ocrelizumab in the Australian market (from July 2017) for treating PPMS (and RRMS).26 Most 

recently (in November 2019), the Australian Therapeutic Goods Administration (TGA) 

approved Siponimod for treating SPMS, because of its effectiveness in reducing the risk of 

disability progression in SPMS.27  

2.1.5 Prevalence of MS (Global and Australian data) 

There are currently 2.8 million (which equates to 1 in 3,000) people in the world living with 

MS, an increase of roughly half a million people from 2013.28 Several factors are suggested to 

be contributing to this increase, including improved counting methods and diagnosis, 

increased longevity of people with MS and global population growth.28,29 However, some of 

this increase may also be due to the increase in the risk of developing MS over time.28,30 Figure 

2.2 shows the prevalence of MS per 100,000 people by country, ranging from 0-25 (in some 

regions of Asia, Africa and South America) to >200 in (in Canada, North America and some 

regions of Europe).  

Figure 2.2 Global Prevalence of people with MS per 100,000 people  

 
Source: The Multiple Sclerosis International Federation, Atlas of MS, 3rd Edition (September 2020). 

The latest version is based on the data collected between September 2019 and March 2020 from 115 countries 

representing 87% of the world’s population. 



Chapter 2 

25 

The number of people with MS in Australia has increased from 21,283 (in 2010) to 25,607 (in 

2017), an increase of 4,324 (20.3%) additional people with MS in Australia from 2010.31 The 

2017 prevalence was 103.7 per 100,000 compared to the 2010 prevalence of 95.6 per 100,000 

people, an increase of 8.2 per 100,000 people over the interval.31 The increased prevalence of 

people with MS in Australia from 2010 reflect recent global trends.28 The rising prevalence of 

MS in Australia may have important consequences in enhancing the human and economic 

burden of MS in Australia. 

2.2 Introduction to health economics and health economic 

evaluations  

Health economics is a branch of economics concerned with issues related to efficiency, 

effectiveness, value and behaviour in the production and allocation of consumption of health 

and healthcare. Health economics is important in determining how to improve health outcomes 

and lifestyle patterns through interactions between individuals, healthcare providers and 

clinical settings. In broad terms, health economics is the application of economic theory, 

models and empirical techniques to the analysis of decision-making by individuals, health care 

providers and governments with respect to health and health care.32 The seminal paper 

published in 1963 by Kenneth Arrow (entitled: Uncertainty and the welfare economics of 

medical care)33,34 has been recognised to give rise to the discipline of health economics. 

Arrow’s paper has identified the factors that make health economics unique to classic 

economics. These include: the extensive involvement of government, information asymmetry, 

market entry barriers, intractable uncertainties, moral hazard, the presence of a third-party 

player and externalities in the healthcare industry.  

Health economics as a discipline has become increasingly important over time due to the 

increasing healthcare sector size and budget, increasing health consumer concerns, and the 

substantial healthcare and healthcare industry linked economic elements.35 In today's world, 

healthcare decision makers across the globe are often faced with the need to select therapeutic 

"interventions" from multiple treatment and prevention options. However, the benefits and 

costs of these interventions can be wide ranging, and the benefits can be economic and/or 

clinical and may include hard to measure costs and/or benefits the patient experiences directly. 

Health economists perform economic evaluations using a systematic comparative analysis of 

costs, benefits and effects of alternative course of actions to help healthcare decision makers 
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to adequately compare and choose among the available therapeutic options, and to enhance 

explicitness and accountability in healthcare.36 More specifically, health economic evaluations 

incorporate clinical, health economic and epidemiological data as well as sophisticated 

scientific methodologies (e.g.: microsimulations and discrete events simulations) to provide 

evidence-based, pragmatic, and efficient solutions in improving and communicating health 

outcomes for providers and patients. Health economic evaluations have become increasingly 

important over the past decades, with several nations considering economic evaluation 

mandatory in their reimbursement decision-making.37 In Australia, all new medications that 

are considered for public reimbursement go through a process of economic evaluation by the 

Pharmaceutical Benefits Advisory Committee (PBAC).38  

Health economic evaluations include full (e.g.: cost-benefit, cost-effectiveness and cost-utility 

analysis) and partial (e.g.: cost of illness analysis) evaluations (Table 2.3) 39. 

Table 2.3 Types of health economic evaluations  

Type Description 
Cost 

measurement 
Outcome measurement 

Partial economic evaluations a 

Cost of illness disease economic burden Monetary units  ─ 

Program cost analysis Net program cost Monetary units ─ 

Full economic evaluations b 

Cost-benefit analysis 
Compares different programs with different 

outcomes (e.g., health vs. other area) 
Monetary units Monetary units 

Cost-effectiveness 

analysis 

Compares interventions with the same 

outcomes 
Monetary units 

Single “natural” unit 

outcome measure (e.g.: life 

years gained, or cases 

detected) 

Cost-utility analysis 
Compares interventions with different health 

outcomes 
Monetary units 

Multiple outcomes—life-

years adjusted for quality-

of-life 

Cost-minimization 

analysis 

Compares the costs of alternative 

interventions that have equal effects 
Monetary units 

Equivalence demonstrated 

or assumed in comparative 

groups 

Cost-consequences 

analysis 

Lists separately all the direct and indirect 

costs and catalogues different outcomes of all 

alternatives, with no specific preference for 

one costing approach/outcome measure (as in 

the case of cost‐effectiveness/cost-utility 

analysis) 

Monetary units 
Multi-dimensional listing 

of outcomes 

a Partial health economic evaluation are limited to the costs and consequences of one intervention/disease with 

no comparator, and hence, cannot be used to answer questions of efficiency. 

b Full health economic evaluations involve the quantification of the costs and effectiveness associated with an 

intervention or policy and the next best alternative and can therefore be used to provide evidence-based, 

pragmatic, and efficient solutions in improving and communicating health outcomes for providers and patients.  

Of the full health economic evaluations, cost-effectiveness analysis (CEA) and cost-utility 

analysis (CUA) are most extensively used in the health sector.36 CEA measures effectiveness 
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on a unidimensional scale such as life years gained, fractures averted, adverse events averted, 

blood pressure changes, cases detected, or deaths prevented. Whereas, CUA is based on 

measures of effectiveness such as quality adjusted life years (QALYs), a measure considering 

both the length and the quality of life and allowing for comparison across different 

interventions. As health economic evaluation studies tend to use CEA and CUA 

interchangeably, the rest of this thesis will use CEA as a generic term for both CEA and CUA 

for simplicity. 

CEA aims to compare two or more interventions by calculating the incremental cost-

effectiveness ratio (ICER), which is calculated by dividing the difference in costs between two 

health interventions by the difference in their effectiveness and represents the incremental 

costs associated with one additional unit of measure of effectiveness gained. The calculated 

value of ICER is then compared with the willingness-to-pay threshold (a ceiling ratio) to draw 

conclusions about the cost-effectiveness of an intervention of interest. A popular way to 

visually analyse the results of ICER is called “cost-effectiveness plane” which was developed 

by Black in 1990.40 Other outcomes that are typically calculated in health economic 

evaluations due to their relevance to healthcare decision makers and other stakeholders, 

include: lifetime risks of progression, life expectancy (LE), quality-adjusted life years 

(QALYs), and total lifetime costs of disease.36,41 

In order to ensure that health economic models are representative of the reality, the 

International Society for Pharmacoeconomics and Outcomes Research (ISPOR) has 

recommended the use of health economic model input parameters that are locally derived. 42 

The key input model parameters include: 1, health state utility values (HSUVs); 2, disease 

management costs; and 3, transition probabilities of disease progression. The availability of 

locally driven model input parameters is therefore critical to perform country specific health 

economic evaluations to predict long-term disease outcomes and to identify cost-effective 

interventions amongst the plethora of existing and upcoming treatment/prevention options. 

2.3 Key concepts in health economics 

2.3.1 Health-related Quality of Life (HRQoL) 

The concept of health-related quality of life (HRQOL) is subjective and multidimensional. It 

has evolved since the 1980s to encompass physical, psychosocial, and other (e.g.: occupational 

and somatic sensational) aspects of life that are shown to affect health.43 44,45 In the field of 
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health economics, HRQoL is typically reflected as an overall weighted index of HSUVs that 

measures the strength of an individual or society’s preference for a particular health state.5 

HRQoL can also be reflected as health dimension scores assessing physical and psychological 

health.36  

2.3.1.1 Health State Utility Values (HSUVs) and Quality Adjusted Life Years 

(QALYs) 

HSUVs is an overall index of HRQoL that refers to an individual or society’s preference for 

specific health-related states, and are represented as a number between 0: death and 1: optimal 

health). 36,46 HSUVs can be negative, representing a health status that is considered worse than 

death.5 HSUVs are used to calculate quality-adjusted life years (QALYs) - a preferred measure 

of clinical effectiveness in cost utility analyses (CUA) 36,46 HSUVs may be measured in 

multiple ways, including the direct methods such as time-trade off and standard gamble 

approaches, asking individuals to describe and assess health states and place weights on them; 

and indirect methods involving the use of preference-based multi-attribute utility instruments 

(MAUIs).47 

MAUIs include questions relating to multiple dimensions of health states, and responses to 

these questions are then scored using a value set obtained from respective general populations. 

MAUIs such as the EuroQoL-5-Dimension (EQ-5D-5L or 3L), Short-Form-6-Dimension (SF-

6D), Health Utilities Index Mark 3 (HUI3) and the Assessment of Quality (AQoL) suite of 

instruments (including the AQoL-4-Dimension, the AQoL-6-Dimension, the AQoL-7-

Dimension and the AQoL-8-Dimension [AQoL-8D]) and others are commonly used to 

measure HSUVs (Table 2.4).48 The AQoL instruments, have been gaining popularity in recent 

years due to their superior level of sensitivity to various health states, particularly those with 

a psychosocial component.  

Whilst these MAUI come with their own strengths and limitations and are far from identical,36 

the AQoL–8D (latest of the AQoL suite of instruments) builds on other MAUIs and has 

preferential sensitivity for capturing and assessing the complex physical and psychosocial 

health aspects that are relatively neglected, particularly for people with chronic diseases (Table 

2.4).48-50 For instance, there is only one item describing mental wellbeing48 (an important 

determinant of psychosocial health) in each of the three commonly used MAUIs (EQ-5D, SF-

6D and HUI3) and only SF-6D has a dimension relating to social function. The AQoL-8D 

addresses the limited description of mental health and social function in these instruments by 
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introducing a broader descriptive system that incorporates 8 mental health-related items (i.e.: 

‘depression’, ‘sleep’, ‘anger’, ‘self-harm’, ‘despair,’ ‘worry’, ‘sadness’ and ‘calm’) and 6 

social function-related items. Furthermore, energy/tiredness, sexual functioning, 

communication, and sleep are important, however, all these items are missing from the EQ-

5D and are only partly covered by the SF-6D. The AQoL-8D’s comprehensive classification 

system and algorithm enables the capture and assessment of billions of separate health states 

(2.4×1023) compared to, for example, the EQ-5D-3L and EQ-5D-5L that only measure 243 

and 3,125 separate health states, respectively (Table 2.4).50  

Table 2.4 Comparisons of the dimensions and content of commonly used MAUIs  

  EQ-5D-3L EQ-5D-5L SF-6D HUI 3 15D AQoL-8D 

Year (preference 

weights available) 
1995 2012 2002 2002 1989 2009 

Countries of origin UK UK UK/USA Canada Finland Australia 

Dimensions 5 5 6 8 15 8 

Number of Items 5 5 6 8 15 35  

Response levels 3 5 4-6 5-6 4-5 4-6 

States defined 243 3,125 18,000 972,000 3.1 x 1010 2.4 x 1023 

Total time taken to 

complete 
1 minute 1 minute 

2.5 

minutes 
3 minutes 4 minutes 5.5 minutes 

Physical health-

related items 
4 4 3 6 10 13 

Mobility/vitality/copin

g/control 
1 1 1 2 2 3 

Bodily function/self-

care 
1 1 

− − 
3 1 

Pain/discomfort 1 1 1 1 1 2 

Senses − − − 2 2 2 

Usual activities/work 1 1 1 − 1 4 

Communication    1 1 1 

Psychosocial health-

related items 
1 1 3 2 5 22 

Sleeping − − − − 1 1 

Depression/anxiety/an

ger 
1 1 1 1 3 7 

General satisfaction − − − − − 4 

Self-esteem − − − − − 2 

Cognition/memory 

ability 

− − − 
1 

− − 

Social 

function/relationships 

− − 
1 

− − 
6 

(Family) role − − 1 − 1 1 

Intimacy/sexual 

relationships 

− − − − − 
1 

Abbreviation: MAUI, Multi-attribute utility instruments; 15D, 15-dimensional questionnaire; AQoL, 

Assessment of Quality of Life; EQ-5D, EuroQoL five-dimensions scale; HUI, Health Utilities Index; SF-6D, 

Short Form 6-dimension. 

Sources: (1) Richardson (2011). Review and Critique of Health Related Multi Attribute Utility Instruments. 

Centre for Health Economics. Research paper 2011(64). 

 (2) Richardson (2015). Why do multi-attribute utility instruments produce different utilities: the relative 

importance of the descriptive systems, scale and 'micro-utility' effects. Qual Life Res. 2015 Aug;24(8):2045-

53. 
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Finally, mapping techniques are used to transform non-preference-based HRQoL measures 

into HSUVs.51 However, the detailed exploration and discussion of these mapping techniques 

falls beyond the current scope of this thesis, and hence, not covered here.  

HSUVs are used to calculate QALYs—a commonly used measure of effectiveness in CEA, 

which takes into account both the length and the quality of life. The calculation of QALYs 

involves multiplying HSUVs associated with disease states with survival time in each stat .5,36 

Evidence-based reimbursement decisions typically follow country-specific guidelines, with 

incremental costs per QALY the current recommended measure for value for money in many 

countries.5,52-54 The QALYs provides a metric that facilitates the quantification of 

effectiveness differences between two (or more) interventions (with alternative 

morbidity/mortality influences), enabling the estimation of ICER. Health interventions may 

lead to QALY gains both by increasing/maintaining HRQoL and by increasing life 

expectancy. The correct choice of HSUVs is important to accurately calculate QALYs and 

other CEA outcomes.  

2.3.1.2 Health Dimension Scores 

The MAUIs are also able to identify the level of function or ability in multiple dimensions of 

health of varying types and numbers. For instance, the EQ-5D consists of five dimensions: 1, 

mobility; 2, self-care; 3, usual activities; 4, pain/discomfort; and 5, anxiety/depression. The 

SF-6D covers six dimensions: 1, physical functioning; 2, role limitation; 3, social functioning; 

4, pain; 5, mental functioning; and 6, vitality. The AQoL-8D includes eight dimensions: 1, 

independent living; 2, pain; 3, sense; 4, mental health; 5, happiness; 6, coping; 7, relationships; 

and 8, self-worth. The summary scores of individual dimensions can be calculated/evaluated, 

and in some cases, combined to generate ‘weighted’ super-dimension scores. For example, the 

scores of AQoL-8D’s three individual dimensions of physical and five of psychosocial health 

can be combined according to the AQoL-8D’s sophisticated algorithm to generate ‘weighted’ 

super dimension scores of physical and psychosocial health, respecitvely.49 The assessment of 

dimensional scores can help in identifying the physical and/or psychosocial drivers of 

HSUVs/HRQoL in the population of interest.  

2.3.2 Cost of illness  

Cost of illness (COI), also known as the economic burden of disease, is a way of measuring 

medical and other costs resulting from a specific disease or condition in a country, specific 
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regions, communities, and even individuals.55 The output, expressed in monetary terms, is an 

estimate of the total burden of a particular disease to society. Accurate knowledge about COI 

is essential and helps formulate and prioritize health care policies and interventions and 

eventually allocate health care resources in accordance with budget constraints to achieve 

policy efficiency. Therefore, it is crucially important to understand how the costs are defined, 

classified, and measured in the COI study. The following sections provide a brief overview of 

the key types of costs and various approaches to identify and measure costs of a particular 

disease. 

2.3.2.1 Types of costs 

Economic costs of any disease/illness are traditionally stratified into three key cost categories: 

1, direct (healthcare and non-healthcare) costs; 2, indirect (decreased or lost productivity) 

costs; and 3, intangible costs associated with the loss of function, psychological 

pain/discomfort and/or reduced health-related quality of life.56,57 As the quantification of 

intangible costs is inherently challenging and rarely performed due to the measurement 

difficulties and associated controversies, this section mainly focuses on the first two categories 

of costs.  

Direct costs may be incurred by the health system, patients, society, and family; and include 

healthcare costs (e.g.: medical care expenditures for diagnosis, treatment, continuing care, 

rehabilitation, and terminal care) and non-healthcare costs (e.g.: transportation, alteration to 

car and home, legal expenses, and informal care).  

Indirect costs include the costs incurred from the cessation or reduction of work productivity 

because of the morbidity and mortality associated with a given disease (i.e.: illness, side effects 

of illness or treatment, or time spent receiving treatment, and premature death). Indirect 

costs typically consist of lost wages/work, worker replacement, and reduced productivity. 

Costs from lost wages can be the result of an early retirement, employment status change 

and/or occupation change. Costs from lost productivity can be the result of absenteeism (i.e.: 

lost productivity due to being absent from work due to illness) and presenteeism (i.e.: reduced 

productivity due to illness but remaining at work). 

2.3.2.2 Costing approaches 

Prevalence versus incidence approaches 
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COI studies can be described as prevalence-based or incidence-based studies depending upon 

their way of utilizing the epidemiological data.58 The prevalence approach involves estimating 

the economic burden of any disease or group of diseases over a specific period (usually one-

year). The incidence approach refers to the new number of cases arising in a predefined period 

and involves estimating the lifetime costs of a medical condition or group of conditions from 

their onset to disappearance, normally by cure or death. 

Top-down versus bottom-up approaches 

 In a top-down approach, the analyst takes overall expenditures for each ingredient/input at a 

central level and then allocates costs using formulae based on allocation factors (e.g.: building 

usage, staff time and staff numbers) to estimate unit procedure or service costs. A bottom-up 

approach uses detailed activity and input usage data from records (or observed usage) at the 

service provider level to estimate unit costs. The ‘top–down’ approach entails measurement of 

health service utilisation and expenditure using aggregate figures related to diagnoses codes 

from databases, national statistics, and registries. The advantage of this approach is that it can 

be used for a variety of diseases facilitating comparisons. A drawback is that it may be limited 

by the availability of the required information on specific components within cost categories. 

The ‘bottom up’ approach requires the data collection from a sample of the population with a 

health condition and extrapolating to the entire population with the condition. The advantage 

of this approach is that it can provide a greater level of detail of the cost components than is 

available from the top-down approach.55,59  

Retrospective versus prospective approaches 

COI studies can be based on prospective or retrospective approaches depending on the 

temporal relationship between the initiation of study and the collection of data.58 In 

retrospective COI studies, all the relevant events occur before the study initiation, and hence, 

the process of data collection in these studies must refer to data that are already recorded. 

Conversely, in prospective COI studies the relevant events have not already occurred when 

the study is initiated. This means that the process of data collection needs to be done by 

following-up the patients over time. Prevalence- and incidence-based COIs can both be 

performed either prospectively or retrospectively. 
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2.3.2.3 Perspectives of costs of illness studies 

There are different perspectives to consider when undertaking a COI study, and each category 

includes marginally different sets of cost items.60 Thus, each perspective may lead to different 

and wide range of results for the same illness. These perspectives can be societal, the health 

care system, third-party payers, business sectors, the government, and patients and families. 

In general, the broader societal perspective is preferred, because the impact of a condition is 

not solely on the individuals or organizations that are directly involved. Table 2.5 presents the 

key cost categories that are generally included in each perspective.61 

Table 2.5 Costs categories included in cost-of-illness studies by perspective 

Perspective 
Medical 

costs 
Morbidity costs 

Mortality 

costs 

Transportation/ 

Nonmedical costs 

Transfer 

payments 

Societal All costs All costs All costs All costs - 

Health care 

system 
All costs - - - - 

Third-party 

payer 

Covered 

costs 
- Covered costs - - 

Business 

Covered 

costs (self-

insured) 

Productivity 

losses 

(absenteeism) 

Productivity 

losses 
- - 

Government 

Covered 

(Medical 

aid) 

- - 
Criminal justice 

costs 

Attributable 

to illness 

Participants 

and Families 

Out-of-

pocket 

costs 

Wage losses/ 

household 

production 

Wage losses/ 

household 

production 

Out-of-pocket costs 
Amount 

received 

Source: Luce BR, Manning WG, Siegel JE, Lipscomb J. Estimating costs in cost-effectiveness analysis. In: 

Gold MR, Siegel JE, Russell LB, Weinstein MC, editors. Cost-effectiveness in health and medicine. New 

York: Oxford University Press; 1996. pp. 173–213.  

2.3.3 Transition probabilities 

Health economic evaluations and medical decision-making generally rely on the use of 

decision-analytic models. Multi-state Markov models are a popular form of decision-analytic 

models that are used to describe the processes by which individuals move through a finite 

number of health states in a unit of time. 62 Transition probabilities are defined as the 

movement between health states that determine the likelihood of an individual moving from 

one health state to another over a discrete period of time. Transition probabilities are widely 

used in the assessment of disease progression between different levels of disease severities.63-

66 Country-specific health economic evaluations of available treatment options guide 

evidence-based reimbursement decisions, with transition probabilities an important input to 

these modelled evaluations.41,63 The correct implementation of multi-state Markov models 

requires reliable and robust estimation of transition probabilities. Markov transition 
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probabilities are presented in the form of a matrix,67 and are numbered between 0=impossible 

and 1=certain. 

2.4 Literature on HSUVs of MS 

This section provides a summary of the International and Australian literature evaluating the 

HSUVs of people with MS, and identifies the evidence gaps in this area for Australia.  

2.4.1 Global MS HSUVs studies 

HSUVs of MS population have been well-researched in Europe and other parts of the word, 

particularly, over the last decade. We identified a systematic review of MS-related HSUVs 

that captured 18 studies published from 1993 to July 2009.68 It provided a comprehensive 

summary of MS-related HSUVs and suggests that the first study investigating the HSUVs in 

the United Kingdom (UK) sample of people with MS was published in 1999.69 We adapted 

the search strategy and approach that was used in previous systematic review68 to identify any 

additional studies published after July 2009. Our search identified 40 additional studies, which 

brought the total number of MS HSUV studies to 58, published worldwide between 1999 and 

2020 (Table 2.6).  

Almost half (28 out of 58, 48%) of the MS HSUVs studies 70-97 were based on data from two 

research projects: 1, the TRIBUNE study−a multi-national, cross-sectional, retrospective, 

burden-of-illness survey; and 2, a multinational cross-sectional, observational study endorsed 

by the European Multiple Sclerosis Platform (EMSP) and carried out in collaboration with 

national MS societies and local clinical and economic experts. The TRIBUNE study was first 

commenced in five European countries (France, Germany, Italy, Spain and the UK) and in 

Canada during 2009–2010;96,98-103 and during 2011, the study was implemented in two 

additional countries (Netherlands and Turkey).95,97 The aims of TRIBUNE study included the 

investigation of treatment experience, burden and unmet needs in MS. However, only 3 of the 

8 TRIBUNE studies reported MS-related HSUVs.95-97 The EMSP endorsed research project 

has conducted two arrays of research studies.104,105 The first array of studies was published in 

2006 and covered nine European countries (Austria, Italy, Spain, Sweden, Switzerland, the 

UK, Belgium, Germany and The Netherlands).86-94 The second array of these studies was 

published in 2017 and covered 16 countries (Austria, Belgium, Czech Republic, Denmark, 

France, Germany, Hungary, Italy, Netherlands, Poland, Portugal, Russia, Spain, Sweden, 

Switzerland and the United Kingdom).70-85  
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

1 
Forbes et al 

1999 
The UK 84 

All were SPMS 

patients 
EQ-5D overall Not reported − 

Range from -0.260 to 

1.0 (based on PAC 

scale)  

2 
Grima et al 

2000 
Canada 

153  

(in remission) 

42  

(in relapse). 

All patients had a 

history of RRMS 

(including those 

converted SPMS). 

HUI2 overall 

EDSS 1 (n=37), 

EDSS 2 (n=41), 

EDSS 3 (n=33), 

EDSS 4 (n=16), 

EDSS 5 (n=7), 

EDSS 6+ (n=19) 

+ 

Range from 0.83 to 

0.59 (based on 

disease severity) 

3 
Parkin et al 

2000 
The UK 102 

All were RRMS 

patients 
EQ-5D overall 

37% were EDSS 0-

3, 36% EDSS 4-5, 

and 27% EDSS ≥6 

+ 

Range from 0.35 to 

0.71 (based on 

disease severity) 

4 
Kobelt et al 

2001 
Germany 737 

17.8% Benign, 

23.2% RRMS, 

23.7% SPMS, 

11.5% PRMS, 

20.2% PPMS 

EQ-5D overall 

Mean EDSS: 4.4; 

(43.6% ≤ EDSS 3, 

10.0% EDSS 3.5-

4.0, 7.5% EDSS 

4.5-5.0, 10.0% 

EDSS 5.5-6.0, 

10.5% EDSS 6.5, 

16.0% EDSS 7.0, 

2.4% EDSS ≥7.5) 

− 0.552 

5 
Henriksson et 

al 2001 
Sweden 413  

34% were RRMS, 

26% PPMS, 37% 

SPMS, 3% not 

classified  

EQ-5D overall Mean EDSS: 4.93 + 

Range from 0.17 to 

0.68 (based on 

disease severity) 

6 
Prosser et al 

2003 
The US 

62 RRMS and 

67 from general 

population 

Not reported 

Standard 

gamble 

questions 

RRMS Mean EDSS: 2.7 + 

Range from 0.70-

0.98 (based on 

disease severity) 

7 
Fisk et al 

2005 
Canada 187 

40% RRMS, 29% 

PPMS, 24% SPMS, 

7% PRMS 

SF-6D 

HUI3 

EQ-5D 

overall 

Median EDSS 

score: 6 (22% 

EDSS 0-2.5, 23% 

EDSS 3-5.5, 47% 

+ 

SF-6D: range from 

0.8 to 0.5; HUI Mark 

3: range from 0.8 to 

0.05; EQ-5D: range 

from 0.7 to 0.05 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

EDSS 6-8, 8% 

EDSS 8.5-9.5) 

(based on EDSS 

scores) 

8 
Kobelt et al 

2006 
Austria 1,019 

35.6% RRMS, 

55.1% progressive 

MS, 7.5% 

unknown, and 1.9% 

no answer 

EQ-5D overall 

Mean EDSS score: 

4.4 (40.6% EDSS 

0-3, 35.6% EDSS 

4-6.5, 22.2% EDSS 

7-9.5) 

− 0.55 

9 
Kobelt et al 

2006 
Belgium 799 

38.2% RRMS, 

45.7% progressive 

MS, 13.6% 

unknown, 2.5% no 

answer 

EQ-5D overall 

Mean EDSS score: 

3.9 (45.5% EDSS 

0-3, 33.2% EDSS 

4-6.5, 19.7% EDSS 

7-9.5) 

− 

0.7 for 8-30 years old 

, 0.4 for 50-60 years 

old, and 0.25 for >70 

years old 

10 
Kobelt et al 

2006 
Germany 2,793 

39.7% RRMS, 

47.4% progressive 

MS, 8.8% 

unknown, 4% no 

answer 

EQ-5D overall 

Mean EDSS: 3.8 

(47.4% EDSS 0-3, 

35.5% EDSS 4-6.5, 

12% EDSS 7-9.5) 

− 0.62 

11 
Kobelt et al 

2006 
Italy 921 

35.4% RRMS, 

50.7% progressive 

MS, 11% unknown, 

2.9% no answer 

EQ-5D overall 

Mean EDSS: 4.6 

(31.3% EDSS 0-3, 

47% EDSS 4-6.5, 

19.6% EDSS 7-9.5) 

− 0.53 

12 
Kobelt et al 

2006 
Netherlands 1,549 

28.9% RRMS, 

48.6% progressive 

MS, 20.5% 

unknown, 2% no 

answer 

EQ-5D overall 

Mean EDSS: 3.9 

(47.9% EDSS 0-3, 

39.6% EDSS 4-6.5, 

11.2% EDSS 7-9.5) 

− 0.61 

13 
Kobelt et al 

2006 
Spain 1,848 

37.3% RRMS, 

45.5% progressive 

MS, 12.3% 

unknown, 5% no 

answer 

EQ-5D overall 

Mean EDSS: 4.5 

(36.1% EDSS 0-3, 

44.8% EDSS 4-6.5, 

17.7% EDSS 7-9) 

− 0.554 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

14 
Berg et al 

2006 
Sweden 1,339 

21.4% RRMS, 

67.7% progressive 

MS, 9% unknown, 

1.9% no answer 

EQ-5D overall 

Mean EDSS: 5.1 

(29.0% EDSS 0-3, 

45.5% EDSS 4-6.5, 

25.2% EDSS 7-9) 

− 0.546 

15 
Kobelt et al 

2006 
Switzerland 1,101 

29.1% RRMS, 

56.5% progressive 

MS, 9.6% 

unknown, 4.8% no 

answer 

EQ-5D overall 

Mean EDSS: 4.5 

(38.3% EDSS 0-3, 

35.8% EDSS 4-6.5, 

22.8% EDSS 7-9, 

14.3% EDSS 8-9) 

− 0.59 

16 
Kobelt et al 

2006 
UK 2,048 

35.5% RRMS and 

remaining 

progressive MS 

EQ-5D overall 

21.3% were EDSS 

0-3, 59.6% EDSS 

score 4-6.5, and 

remaining were 

EDSS 7-9 

− 0.51 

17 
Fary et al 

2006 
Australia 101 

29% RRMS, 50% 

SPMS, 14% PPMS 
AQoL-4D overall mean 4.86 + 

mean 0.46, range 

from 0.28 to 0.56 

based on EDSS 

levels 

18 
Orme et al 

2007 
UK 2,048 

35.5% RRMS, 

37.2% SPMS, 

27.3% PPMS 

EQ-5D overall 

21.3% were EDSS 

0-3, 59.6% EDSS 

4-6.5, 19.1% EDSS 

7-9.5 

− 0.491 

19 
Jones et al 

2008 
Canada 302 Not reported HUI3 overall Not reported − 

0.57 (95% CI: 0.52-

0.63) 

20 
MerriKay et 

al 2012 
US 711 100% RRMS EQ-5D RRMS 

mean 4.1 (33.3% 

EDSS 0-3, 45% 

EDSS 3.5-5, 21.7% 

EDSS 5.5-9) 

− 

HSUVs presented 

based on relapse 

experience 

21 
Korinna et al 

2012 
Canada 241 

68.0% RRMS, 

12.9% SPMS, 7.5% 

PPMS, 11.6% 

unknown 

EQ-5D overall 

mean EDSS 3.0 

(28.6% EDSS 0-1, 

32.0% EDSS 2-3, 

21.2% EDSS 4-5, 

+ 

range from 0.77 to 

0.27 (based on 

disability severity) 

and from 0.74 to 0.73 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

15.8% EDSS 6-6.5, 

2.5% EDSS 7-9). 

(based on RRMS 

relapse status). 

22 
Marta et al 

2012 
Hungary 68 80.9% RRMS EQ-5D overall mean 1.9 − mean 0.67 

23 
Kerina et al 

2013 
UK 4,516 

14.8% PPMS, 

62.1% RRMS, 

8.1% SPMS, 14.9% 

unknown 

EQ-5D 

subgroup 

(RRMS, 

SPMS, 

PPMS) 

not reported − 

mean 0.57, range 

from 0.59 to 0.47 

(based on MS type) 

24 
Jens et al 

2013 
Germany 144 

66.8% RRMS, 27% 

SPMS, 6.2% with 

PPMS 

EQ-5D 

subgroup 

(RRMS, 

SPMS, 

PPMS) 

mean 3.5 − 

mean 0.77, range 

from 0.64 to 0.83 

(based on MS type) 

25 
Korinna et al 

2013 
Netherlands 263 

46% RRMS, 23% 

SPMS, 14% PPMS, 

16% unknown 

EQ-5D overall 

46% were EDSS 0-

3, 43% EDSS 4-

6.5, 11% EDSS 7-9 

+ 

range from 0.75 to 

0.30 (based on 

disability severity) 

26 
Emer et al 

2013 
Dublin 214 not reported EQ-5D overall mean 3.6 + 

range from 0.88 to -

0.22 (based on EDSS 

scores) 

27 
Shaloo et al 

2013 
US 536 not reported EQ-5D overall not reported + 

mean 0.62, range 

from 0.67 to 0.57 

(based on self-

reported MS 

severity) 

28 
Rana et al 

2014 
Turkey 295 

72.5% RRMS, 

15.9% SPMS and 

PPMS, 11.5% 

unknown 

EQ-5D overall 

mean EDSS, 2.2 

(74.2% EDSS 0-3, 

22.7% EDSS 4-6.5, 

3.1% EDSS 7-9) 

+ 

mean 0.66, range 

from 0.73 to 0.05 

(based on EDSS 

severity) 

29 
Jonathan et al 

2014 
US 526 not reported SF-6D overall not reported − mean 0.632 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

30 
Marianne et 

al 2014 
Sweden 839 

24% RRMS, 26% 

SPMS, 39% PPMS 

and 10% 

unknown/missing 

EQ-5D overall 

28% were EDSS 0-

3, 29% EDSS 4-6, 

39% EDSS 6.5-9, 

4% missing 

+ 

mean 0.51, range 

from 0.71 to 0.28 

(based on EDSS 

severity) 

31 
Juhani et al 

2015 
Finland 553 

44.1% RRMS, 17% 

PPMS, 28.9% 

SPMS, 10% 

unknown 

EQ-5D overall mean 4.0 + 

range from 0.95 to 

0.14 based on EDSS 

scores 

32 
Annie et al 

2016 
UK 1,441 

42% RRMS, 19.4% 

PPMS, 17% SPMS, 

3.3% Benign, 

18.4% 

combination/unkno

wn 

EQ-5D  

and  

SF-6D 

subgroup 

(RRMS, 

SPMS, 

PPMS) 

mean 4.3 + 

mean ED-5D 0.56, 

mean SF-6D 0.62, 

(based on MS types, 

EDSS scores, and 

relapses). 

33 
Lindsay et al 

2016 
Canada 949 

72.4% RRMS, 

20.3% SPMS, 6.3% 

PPMS, 0.5% CIS, 

0.3% unknown 

HUI3 overall median 2.5 − mean 0.54 

34 
Nilceia et al 

2016 
Brazil 210 

79% RRMS, 21% 

SPMS 
EQ-5D overall 

40% were EDSS 0-

3, 43.5% EDSS 4-

6.5, 16% EDSS 7-9 

+ 

range from 0.73 to 

0.30 (based on EDSS 

levels) 

35 
Havrdova et 

al 2017 

Czech 

Republic 
747 

58.1% RRMS, 

16.6% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.5 

(51.9% EDSS 0-3, 

33.2% EDSS 4-6.5, 

14.9% EDSS 7-9) 

+ 

mean 0.63, range 

from 0.96 to -0.22 

(based on EDSS 

score) 

36 
Peter et al 

2017 
Denmark 830 

45.3% RRMS, 

11.4% with relapse 

history 

EQ-5D overall 

mean EDSS: 4.2 

(41.8% EDSS 0-3, 

40.4% EDSS 4-6.5, 

17.8% EDSS 7-9) 

+ 

mean 0.63, range 

from 0.89 to -0.19 

(based on EDSS 

score) 

37 
Christine et al 

2017 
France 491 

61.3% RRMS, 

14.7% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.6 

(47.3% EDSS 0-3, 

37.7% EDSS 4-6.5, 

9.6% EDSS 7-8) 

+ 

mean 0.62, range 

from 0.92 to 0.23 

(based on EDSS 

score) 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

38 

Peter 

Flachenecker 

et al 2017 

Germany 5,475 

45.6% RRMS, 

11.4% with relapse 

history 

EQ-5D overall 

mean EDSS: 4.0 

(47.4% EDSS 0-3, 

34.8% EDSS 4-6.5, 

17.8% EDSS 7-9) 

+ 

mean 0.628, range 

from 0.922 to -0.237 

(based on EDSS 

score) 

39 
Márta et al 

2017 
Hungary 521 

55.3% RRMS, 

24.8% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.9 

(48.8% EDSS 0-3, 

33.4% EDSS 4-6.5, 

17.3% EDSS 7-9) 

+ 

mean 0.52, range 

from 0.85 to -0.32 

(based on EDSS 

score) 

40 
Mario et al 

2017 
Italy 1,010 

66.7% RRMS, 

14.1% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.7 

(52.7% EDSS 0-3, 

31.2% EDSS 4-6.5, 

16.1% EDSS 7-9) 

+ 

mean 0.57, range 

from 0.86 to -0.11 

(based on EDSS 

score) 

41 
Bernard et al 

2017 
Netherlands 382 

35.1% RRMS, 

17.5% with relapse 

history 

EQ-5D overall 

mean EDSS: 4.9 

(29.6% EDSS 0-3, 

42.2% EDSS 4-6.5, 

28.3% EDSS 7-9) 

+ 

mean 0.55, range 

from 0.91 to -0.25 

(based on EDSS 

score) 

42 
Thomas et al 

2017 
Austria 516 

42.2% RRMS, 

10.9% with relapse 

history 

EQ-5D overall 

mean EDSS: 4.4 

(40.3% EDSS 0-3, 

35.3% were EDSS 

4-6.5, 21.9% were 

EDSS 7-9) 

+ 

mean 0.60, range 

from 0.89 to -0.30 

(based on EDSS 

score) 

43 
Benedicte et 

al 2017 
Belgium 1,856 

43% RRMS, 16.1% 

with relapse history 
EQ-5D overall 

mean EDSS (4.6, 

35.2% were EDSS 

0-3, 34.3% EDSS 

4-6.5, 25.3% EDSS 

7-9) 

+ 

mean 0.50, range 

from 0.86 to -0.24 

(based on EDSS 

score) 

44 
Krzysztof et 

al 2017 
Poland 411 

63.7% RRMS, 

18.5% with relapse 

history 

EQ-5D overall 

mean EDSS 3.5 

(58.4% EDSS 0-3, 

28.5% EDSS 4-6.5, 

13.1% EDSS 7-9) 

+ 

mean 0.58, range 

from 0.85 to -0.22 

(based on EDSS 

score) 

45 
Maria et al 

2017 
Portugal 535 

53.8% RRMS, 

17.9% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.8 

(51.2% EDSS 0-3, 

29.9% EDSS 4-6.5, 

14% EDSS 7-9) 

+ 

mean 0.63, range 

from 0.93 to -0.07 

(based on EDSS 

score) 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

46 
Alexey et al 

2017 
Russia 208 

55.3% RRMS, 

28.8% with relapse 

history 

EQ-5D overall 

mean EDSS, 2.9 

(60.6% EDSS 0-3, 

24.5% EDSS 4-6.5, 

5.3% EDSS 7-9) 

+ 

mean 0.66, range 

from 0.91 to -0.59 

(based on EDSS 

score) 

47 
Celia et al 

2017 
Spain 462 

72.5% RRMS, 

13.2% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.4 

(58.4% EDSS 0-3, 

29.2% EDSS 4-6.5, 

10.8% EDSS 7-9) 

+ 

mean 0.63, range 

from 0.93 to 0.02 

(based on EDSS 

score) 

48 
Lou et al 

2017 
Sweden 1,864 

37.8% RRMS, 

8.3% with relapse 

history 

EQ-5D overall 

mean EDSS: 4.7 

(35.1% EDSS 0-3, 

34.4% EDSS 4-6.5, 

27.6% EDSS 7-9) 

+ 

mean 0.56, range 

from 0.91 to -0.26 

(based on EDSS 

score) 

49 
Pasquale et al 

2017 
Switzerland 721 

60.6% RRMS, 

6.8% with relapse 

history 

EQ-5D overall 

mean EDSS: 3.1 

(61.3% EDSS 0-3, 

26.4% EDSS 4-6.5, 

12.3% EDSS 7-9) 

+ 

mean 0.69, range 

from 0.92 to -0.07 

(based on EDSS 

score) 

50 
Alan et al 

2017 
UK 779 

36.7% RRMS, 

18.1% with relapse 

history 

EQ-5D overall 

mean EDSS: 5.5 

(18.5% EDSS 0-3, 

50.6% EDSS 4-6.5, 

30.8% EDSS 7-9) 

+ 

mean 0.47, range 

from 0.90 to -0.11 

(based on EDSS 

score) 

51 
Chiyoko et al 

2017 
Japan 96 not reported 

EQ-5D, SF-

6D 
overall not reported  

mean 0.68 on ED-

5D, 0.62 on SF-6D 

52 
Ahmad et al 

2017 
Australia 2,022 not reported 

EQ-5D/ 

WHOQOL-

100 

overall not reported + 

mean 0.53, range 

from 0.61 to 0.40 

(based on EDSS 

severity) 

53 
Sasitorn et al 

2018 
Thailand 104 not reported EQ-5D overall median 3.0 + 

mean 0.41, range 

from 0.63 to -0.30 

(based on EDSS 

levels) 

54 
Hanna et al 

2018 
Sweden 8,906 not reported EQ-5D overall 

69% were EDSS 0-

3.5, 11% EDSS 4-

5.5, 11% EDSS 6-

+ 
range from 0.7 to 

0.14 (based on 
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Table 2.6 The key features of MS HSUVs studies (published between 1999 and 2020) 

No. 
First Author 

/ year 
Country Sample Size MS Phenotypes 

HSUVs 

Elicitation 

Method 

HSUVs 

(overall vs 

subgroup) 

EDSS scores 

HSUVs  

by MS 

severity 

Mean HSUVs 

6.5, 10% were 

EDSS 7-9.5 

disability measured 

by EDSS) 

55 
Yan et al 

2019 
Australia 1,985 

11.6% progressive 

onset MS, 76.3% 

relapse onset MS, 

11.7% unknown 

EQ-5D 

subgroup 

(progressive

-onset, 

relapse-

onset) 

not reported − 
HSUVs by disease 

type 

56 
Jacqueline et 

al 2019 
US 196 100% RRMS EQ-5D RRMS not reported − mean 0.72 

57 
Kaoru et al 

2019 
Japan 85 not reported SF-6D overall not reported − mean 0.62 

58 
Purmonen et 

al 2020 
Finland 553 

44.1% RRMS, 17% 

PPMS, 28.9% 

SPMS, 10% 

unknown 

EQ-5D 

subgroup 

(RRMS, 

SPMS, 

PPMS) 

42.4% were EDSS 

0-3, 42.2% were 

EDSS 4-6.5, 15.5% 

were EDSS 7-9 

+ 

range from 0.82 to 

0.47 (for RRMS), 

range from 0.69 to 

0.31 (for SPMS), 

range from 0.79 to 

0.25 (for PPMS), 

based on EDSS 

severity  

Notes: HSUVs, MS=, DMTs= CIS=clinically isolated syndrome, PAC= postal ambulation scale and define other abbreviations as well.  

Studies with grey background are those reporting HSUVs by MS type.  
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Of the 58 MS HSUVs studies, 67% (n=39) were published between 2012 and 2020 (Figure 

2.3).  

Figure 2.3 The Distribution of MS HSUVs Studies by Year of Publication 

 
MS= Multiple Sclerosis, HSUVs=health state utility values 

The clustering of the studies at 2006 and 2017 as shown in Figure 2.3 was due to the 

publication of first and second arrays of the above-mentioned Europe-wide EMSP endorsed 

research project in those years. Figures 2.4 and 2.5 show the distribution of included HSUV 

studies by continents and countries of publication, respectively. From Figure 2.4, studies on 

the HSUVs of MS have been dominantly based in European countries (n=40, 70%).  

Figure 2.4 The Distribution of MS HSUVs Studies by continent 

 
MS= Multiple Sclerosis, HSUVs=health state utility values 

As shown in Figure 2.5, the highest number of the MS HSUVs studies is published in the UK 

(n=7),69,84,93,106-109 followed by Sweden (n=5),73,86,110-112 and Germany (n=4).76,90,113,114 The 

MS HSUVs studies were also popular in Canada (n=5)96,115-118 and the US (n=5),119-123 

followed by three studies each in Australia5,124,125and Netherlands.85,88,97 
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Figure 2.5 The Distribution of MS HSUVs Studies by country  

 
MS= Multiple Sclerosis, HSUVs=health state utility values 

As shown in Table 2.6, the EQ-5D was the most dominant elicitation instrument for HSUVs 

(n=50, 86%), followed by SF-6D (n=5, 9%), HUI2/3 (n=4, 7%), other instruments included 

AQoL-4D, and the EQ-5D mapped from WHOQOL-100 and standard gamble questions). 

Three studies used more than one MAUIs 109,116,126. Whilst most (n=55, 95%) studies were 

based on samples that included people with all types of MS, three studies focused on people 

with RRMS only.119,120,123 Furthermore, we identified five studies reporting HSUVs by MS 

types, with one of these studies conducted in Australia.108,109,114,125,127 Thirty-four out of 58 

studies reported HSUVs by disease severity (classified as mild disability, moderate disability, 

and severe disability) using EDSS scores or PDDS equivalents of EDSS scores. The mean 

HSUVs ranged from 0.41 (in Thailand)128 to 0.77 (in Germany),114 and all studies reporting 

HSUVs by disability severity found a negative association between MS-related disability 

severity and HSUV scores, which is as expected from stronger impacts on physical and 

psychosocial health aspects of people with MS as disability worsens. 

2.4.2 Australian MS HSUVs studies 

Our review only identified three studies investigating the HSUVS in Australians with MS. The 

first of these studies was published in 2006 and used data from n=101 Australians with (all 

types of) MS (mean age=49.5 years).124 HSUVs in that study were assessed using the AQoL-

4D and reported as mean (SD) for the overall sample (0.46±0.25) and the three severity sub-

samples of mild (0.56±0.26), moderate (0.49±0.23) and severe disability (0.28±0.21). As this 

study was based on a small convenience sample from a single Royal Melbourne Hospital based 

database, the results were not generalisable to the overall population of Australians with MS. 

The second study published in 2017 provided HSUVs for different levels of disease severities 

in Australians with MS using a large representative sample of n=2,146 people with MS (mean 
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age=51 years).5 The HSUVs were however based on a ‘judgement-based’ method that relied 

on a set of assumptions to create a set of EQ-5D profiles based on WHOQOL-100 responses 

and applied utility weights to each level in each EQ-5D dimension. It did not fully account for 

important physical and psychosocial aspects of the lives of people with MS.5 Mean HSUV 

reported in the second identified study was 0.53 (95% CI: 0.52-0.54) for the overall sample; 

and 0.61 (95% CI: 0.60–0.62), 0.51 (95% CI: 0.50–0.52) and 0.40 (95% CI: 0.38–0.43) for 

mild, moderate and severe disease, respectively. A third Australian study published in 2019 

reported MS onset specific HSUV estimates for Australians with MS using the EQ-5D MAUI 

in a large representative Australian sample (mean age=55 years).125 Mean (SD) HSUV in this 

most recent Australian study was 0.54 (0.27) for PROMS and 0.73 (0.22) for ROMS. The 

study did not provide disability severity specific HSUVs for the two MS onset cohorts.  

2.4.3 Evidence gaps in HSUVs studies of Australians with MS  

As has been shown in Sections 2.4.1 and 2.4.2, HRQoL impacts of MS have been well-

researched in Europe, 69-95,97,106-114 and other parts of the word 96,115-123 using a wide range of 

client-reported, generic, and disease specific MAUIs. While a couple of studies have attempted 

to investigate the impact of MS on HSUVs in an overall sample of Australians with MS,5,124 

even the most recent of these studies was based on now more than a decade old data. The 

HSUVs of people with MS are likely to have changed over time, especially given the current 

era of increased access to new generation higher efficacy DMTs and patient-centric 

approaches to the management of MS.129 Furthermore, none of the previous studies elicited 

HSUVs using a preferentially sensitive MAUI, with increased sensitivity for capturing and 

assessing the complex physical and particularly psychosocial health aspects of people with 

MS. The most recently published study quantifying the HSUVs of Australians with MS5 was 

based on an indirect (judgement-based) method to convert WHOQOL-100 derived EQ-5D 

responses to HSUVs, and hence, was unable to evaluate the physical and psychosocial drivers 

of these HSUVs due the limitations facing the EQ-5D descriptive system. Therefore, there is 

a need to address the limited description of these important health dimensions in the EQ-5D 

by employing a MAUI with broader descriptive system and capable of comprehensively 

capturing the mental health (including ‘depression’, ‘sleep’, ‘anger’, ‘self-harm’, ‘despair,’ 

‘worry’, ‘sadness’ and ‘calm’), social function, energy/tiredness, sexual functioning, 

communication, sleep, and others. 
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Finally, HSUVs in subgroups of MS types was only reported in one Australian study, which 

was based on the EQ-5D and showed a lower HSUVs for PROMS than ROMS.8 Furthermore, 

MS onset specific HSUV estimates by disability severity were not reported in that study but 

are needed for multi-state health economic models of each MS onset type, requiring disability 

severity-specific HSUVs and other input parameters.  

The updated HSUVs analysis of MS in Australians with different levels of disability severity 

is therefore timely: 1) to understand the impact of MS on HSUVs more fully; 2) to identify the 

physical and psychosocial drivers of these HSUVs; 3) to assess HSUV difference between MS 

onset types; and 4) to obtain disability severity specific HSUVs to guide input choices in the 

future health economic evaluation models of all people with MS and those of each onset type.  

2.5 Literature on the economic burden of MS 

This section provides a summary of the International and Australian literature evaluating the 

economic costs of people with MS, and identifies the evidence gaps in this area for Australia.  

2.5.1 Global studies on the economic burden of MS 

We identified nine comprehensive systematic reviews regarding the economic burden of MS 

(Table 2.7).130-138 These nine systematic reviews covered n=85 COI studies in MS that were 

published between January 1966 and May 2018.70-94,96-98,100-103,139-190 In order to identify any 

additional COI studies in MS that were published after May 2018 and January 2020, we used 

the search strategy and approach of the most recently published review study by Paz-Zulueta 

et al.135 As a result of this updated literature search, n=25 additional COI studies were 

identified,191-215 bringing the total number of MS COI studies published between January 1984 

and January 2020 to n=110 (with 112 records as one study145 provided the estimates of MS-

related costs for three countries: France, Germany and the UK). 

The first COI research of MS was published in the United States (USA) in 1984.139 As shown 

in Figure 2.6, the number of MS COI studies increased over time, and the swift growth was 

observed since 2017. The majority studies (n=97, 88%) were published after 2006, with nearly 

half (n=48, 44%) after 2017.
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Figure 2.6 The number of MS COI studies by years of publication 

 

Note: MS=Multiple Sclerosis, COI=Cost of Illness  

Table 2.8 summarises the key features of n=110 MS COI studies included in this review. 

Studies on the economic burden of MS have been dominantly published in Europe (n=69, 

63%). These studies cover 18 European countries including the UK, France, Germany, 

Belgium, Sweden, Italy, Poland, Spain, The Netherlands, Switzerland, Austria, Czech 

Republic, Norway, Denmark, Hungary, Portugal, Ireland, Bosnia and Herzegovina and 

Finland. Almost half (33 out of 69) were based on two European research studies: the 

TRIBUNE study (that gave rise to n=8 individual studies [marked as “*” in Table 2.8])96-98,100-

103,190 and a multinational cross-sectional, observational EMSP endorsed study (that gave rise 

to n=25 individual studies [marked as “#” in Table 2.8).70-94 The remaining publications 

originated from North America (n=29, 26%), South America (n=4, 4%), Asia (n=5, 5%), and 

Australia (n=3, 3%). No COI study of MS was identified from Africa (Figure 2.7). 

Figure 2.7 The number of MS COI studies by continents of publication 

 

Note: MS=Multiple Sclerosis, COI=Cost of Illness  
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Table 2.7 Previous reviews of economic burden of MS. 

No. Author 
Publication 

year 
Databases 

Number of 

studies 
Review period Cost categories 

Covered 

countries/continents 

1 
Patwardhan 2005 MEDLINE, CINAHL and IPD 10 1966 to 2002 

direct costs and 

indirect costs 

Europe, North 

America 

2 
Sharac 2010 

PsycInfo, MEDLINE, EMBASE and the UK National 

Health Service Economic Evaluation Database 
32 

February and 

March 2009 

direct costs and 

indirect costs 

Europe, Australia, 

North America 

3 

Naci  2010 

MEDLINE, EMBASE, PsycINFO, the Health 

Economic Evaluation Database and the NHS 

Economic Evaluations Database 

25 
1 January 1993 

to 25 July 2009 

direct costs and 

indirect costs 

Europe, Australia, 

North America 

4 
Kolasa 2013 PubMed 17 2002-2012 

direct costs and 

indirect costs 

Europe, North 

America, Australia 

5 

Adelman 2013 PubMed and Embase 15 

January 1, 

2007 and June 

21, 2012 

direct costs and 

indirect costs 
USA 

6 

Stawowczyk 2015 
Medline, Embase and Centre for Reviews and 

Dissemination 
62 

from inception 

to 26 February 

2015 

indirect costs 
Europe, Americas, 

Australia, Asia 

7 

Ernstsson 2016 PubMed 48 

from January 

1969 to 

January 2014 

direct costs and 

indirect costs 

Europe, Americas, 

Australia 

8 

Brodszky 2019 
Medline, EMBASE, The Cochrane Library, CINAHL, 

and Web of Science 

58 (only 4 

for MS) 

1 January 2006 

and 1 June 

2017 

direct costs and 

indirect costs 
Europe 

9 

Paz-Zulueta 2020 
PubMed, the Cochrane Library, SCOPUS and Web of 

Science 
37 

January 1, 

2013 and May 

22, 2018 

direct costs and 

indirect costs 

Europe, Americas, 

Australia, Asia 
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Table 2.8 The key features of the MS COI studies (published between 1984 and 2020) 

No. Author Year Country 
Costing 

Approach 
Perspective 

D
ir

ec
t 

C
o

st
s 

In
d

ir
ec

t 

C
o

st
s 

D
is

ab
il

it
y

 

S
u

b
g

ro
u

p
s 

1 Inman et al 1984 USA NR Societal + + + 

2 Bourdette et al 1993 USA Bottom up 
Healthcare 

system 
+ − − 

3 Holmes et al 1995 UK Bottom up Societal + + − 

4 Blumhard et al 1996 UK Top down Societal + + − 

5 Asche et al 1997 Canada 
Human 

capital 
Societal + + − 

6 

The Canadian Burden 

of Illness Study 

Group 

1998 Canada Bottom up Societal + + + 

7 Murphy et al 1998 

France 

Germany 

UK 

Bottom up Societal + + + 

8 Carton et al 1998 Belgium Bottom up 
Healthcare 

system 
+ + + 

9 Henriksson et al 1998 Sweden Top down Societal + + − 

10 Grima et al 2000 Canada Bottom up Societal + + + 

11 Henriksson et al 2001 Sweden Bottom up Societal + + + 

12 Amato et al 2002 Italy Bottom up Societal + + + 

13 Orlewska et al 2005 Poland Bottom up Societal + + + 

14 #Kobelt et al 2006 Austria Bottom up Societal + + + 

15 #Kobelt et al 2006 Belgium Bottom up Societal + + + 

16 #Kobelt et al 2006 Germany Bottom up Societal + + + 

17 #Kobelt et al 2006 Italy Bottom up Societal + + + 

18 Casado et al 2006 Spain Bottom up Societal + + + 

19 #Kobelt et al 2006 Spain Bottom up Societal + + + 

20 #Berg et al 2006 Sweden Bottom up Societal + + + 

21 #Kobelt et al 2006 Switzerland Bottom up Societal + + + 

22 #Kobelt et al 2006 
The 

Netherlands 
Bottom up Societal + + + 

23 Kobelt et al 2006 USA Bottom up Societal + + + 

24 #Kobelt et al 2006 UK Bottom up Societal + + + 

25 Taylor et al 2007 Australia Bottom up Societal + + + 

26 Prescott et al 2007 USA Bottom up 
Healthcare 

system 
+ − − 

27 McCrone et al 2008 UK Bottom up Societal + + + 

28 Kobelt et al 2009 France Bottom up Societal + + + 

29 Ivanova et al 2009 USA NR Societal + + + 

30 Birnbaum et al 2009 USA NR Societal + + + 

31 Brook et al 2009 USA Bottom up NR + + + 

32 Castelli-Haley et al 2010 USA NR NR + − − 

33 Asche et al 2010 Canada Top down 
Managed 

care 
+ − − 
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Table 2.8 The key features of the MS COI studies (published between 1984 and 2020) 

No. Author Year Country 
Costing 

Approach 
Perspective 

D
ir

ec
t 

C
o

st
s 

In
d

ir
ec

t 

C
o

st
s 

D
is

ab
il

it
y

 

S
u

b
g

ro
u

p
s 

34 Rajagopalan et al 2011 USA NR Societal + + + 

35 Noyes et al 2011 USA Bottom up Societal + + + 

36 Curkendall et al 2011 USA Bottom up NR + − − 

37 Reese et al 2011 Germany Bottom up Societal + + − 

38 Gilden et al 2011 USA Top down NR + − + 

39 Patti et al 2011 Italy Bottom up 

National 

health 

system 

+ − + 

40 Berto et al 2011 Italy Bottom up 
Healthcare 

system 
+ − + 

41 Ivanova et al 2012 USA Bottom up Societal + + + 

42 *Karampampa et al 2012 Canada Bottom up Societal + + + 

43 
Blahova Dusankova 

et al 
2012 

Czech 

Republic 
Bottom up Societal + + + 

44 Jennum et al 2012 Denmark Top down Societal + + + 

45 *Johansson et al 2012 France Bottom up Societal + + + 

46 *Karampampa et al 2012 Germany Bottom up Societal + + + 

47 *Karampampa et al 2012 Italy Bottom up Societal + + + 

48 Svendsen et al 2012 Norway 
Bottom up 

+top down 
Societal + + − 

49 *Karampampa et al 2012 Spain Bottom up Societal + + + 

50 *Karampampa et al 2012 
The 

Netherlands 
Bottom up Societal + + + 

51 *Karampampa et al 2012 UK Bottom up Societal + + + 

52 Oleen-Burkey et al 2012 USA Bottom up Societal + + + 

53 Palmer et al 2013 Australia Bottom up Societal + + + 

54 Coleman et al 2013 USA Bottom up Societal − + + 

55 Svensson et al 2013 Sweden Bottom up Societal + + + 

56 Parisé et al 2013 Canada Top down Societal + + + 

57 Szmurlo et al 2014 Poland Bottom up Societal + + + 

58 Zettl et al 2014 Germany Bottom up Societal + + + 

59 Fogarty et al 2014 Ireland Bottom up Societal + + + 

60 *Karabudak et al 2015 Turkey Bottom up Societal + + + 

61 Ruutiainen et al 2016 Finland Bottom up Societal + + + 

62 Hawton et al 2016 UK Bottom up 
Healthcare 

system 
+ + + 

63 da Silva et al 2017 Brazil NR 
Healthcare 

system 
+ − + 

64 #Uitdehaag et al 2017 
The 

Netherlands 
Bottom up Societal + + + 

65 #Thompson et al 2017 UK Bottom up Societal + + + 

66 #Selmaj et al 2017 Poland Bottom up Societal + + + 

67 #Sá et al 2017 Portugal Bottom up Societal + + + 
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Table 2.8 The key features of the MS COI studies (published between 1984 and 2020) 

No. Author Year Country 
Costing 

Approach 
Perspective 

D
ir

ec
t 

C
o

st
s 

In
d

ir
ec

t 

C
o

st
s 

D
is

ab
il

it
y

 

S
u

b
g

ro
u

p
s 

68 #Rasmussen et al 2017 Denmark Bottom up Societal + + + 

69 #Péntek et al 2017 Hungary Bottom up Societal + + + 

70 #Oreja-Guevara et al 2017 Spain Bottom up Societal + + + 

71 #Lebrun-Frenay et al 2017 France Bottom up Societal + + + 

72 #Havrdova et al 2017 
Czech 

Republic 
Bottom up Societal + + + 

73 #Flachenecker et al 2017 Germany Bottom up Societal + + + 

74 #Dubois et al 2017 Belgium Bottom up Societal + + + 

75 #Calabrese et al 2017 Switzerland Bottom up Societal + + + 

76 #Brundin et al 2017 Sweden Bottom up Societal + + + 

77 #Boyko et al 2017 Russia Bottom up Societal + + + 

78 #Berger et al 2017 Austria Bottom up Societal + + + 

79 #Battaglia et al 2017 Italy Bottom up Societal + + + 

80 Oreja-Guevara et al 2017 Spain Bottom up Societal + + + 

81 Pearson et al 2017 New Zealand Bottom up Societal − + + 

82 Svendsen et al 2018 Norway Bottom up 
Patients/ 

family 
+ + + 

83 Gyllensten et al 2018 Sweden NR Societal + + − 

84 Carney et al 2018 Ireland Bottom up Societal + + + 

85 Buijs et al 2018 
The 

Netherlands 
NR 

Private 

sector 
+ − − 

86 Catic et al 2018 
Bosnia and 

Herzegovina 
Bottom up Societal + + − 

87 Maia Diniz et al 2018 Brazil NR 

Brazilian 

Ministry of 

Health 

+ − − 

88 Muñoz-Galindo et al 2018 Colombia Top down 
Healthcare 

system 
+ − − 

89 Maresova et al 2018 
Czech 

Republic 

NR Healthcare 

system 
+ − − 

90 Pirttisalo et al 2018 Finland 
NR Healthcare 

system 
+ − − 

91 Piccinni et al 2018 Italy Bottom up 
Healthcare 

system 
+ − + 

92 Svendsen et al 2018 Norway Bottom up 
Patients/ 

family 
+ + + 

93 Gracia et al 2018 Panama Bottom up Societal + + + 

94 Nicholas J et al 2018 US NR NR + − − 

95 Bowen et al 2018 US 
NR Healthcare 

system 
+ − − 
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Table 2.8 The key features of the MS COI studies (published between 1984 and 2020) 

No. Author Year Country 
Costing 

Approach 
Perspective 

D
ir

ec
t 

C
o

st
s 

In
d

ir
ec

t 

C
o

st
s 

D
is

ab
il

it
y

 

S
u

b
g

ro
u

p
s 

96 Groeneweg et al 2018 US Bottom up 
Health plan 

perspective 
+ − − 

97 Kobelt et al 2019 Brazil Bottom up Societal + + + 

98 Bruno et al 2019 France Bottom up 
Healthcare 

system 
+ − + 

99 Müller et al 2019 Germany NR NR + + + 

100 Ness et al 2019 Germany Bottom up Societal + + + 

101 Moccia et al 2019 Italy NR NR + − + 

102 Kawachi et al 2019 Japan NR NR + − − 

103 Yamabe et al 2019 Japan Bottom up NR + + − 

104 Alowayesh et al 2019 Kuwait NR 
Healthcare 

system 
+ − + 

105 
García-Domínguez et 

al 
2019 Spain 

Human 

capital 
Societal − + + 

106 Gyllensten et al 2019 Sweden NR Societal + + − 

107 Kim et al 2019 US NR NR + − + 

108 Minden et al 2019 US NR NR + − + 

109 Nicholas et al 2020 US 
NR Payer 

perspective 
+ − − 

110 Sanchirico et al 2019 US NR NR + − − 

* TRIBUNE studies, # EMSP studies; COI=cost of illness, MS=multiple sclerosis, NR=not reported  

All studies except three considered the direct costs, whereas n=82 (75%) studies considered 

both the direct costs and indirect costs. Less than 3% (n=3) studies included only the indirect 

costs (from lost wages and/or lost productivity: absenteeism and/or presenteeism).174,189,210 

More than 90% studies utilized the ‘bottom-up’ costing approach, and the ‘top down’ method 

was used in most remaining studies (Table 2.8). Majority studies were based on retrospective 

study design and were conducted from a societal perspective, followed by healthcare system 

perspective.  

A recent systematic literature review regarding the estimated annual mean costs of MS in the 

US showed that costs of MS (measured in 2011 US dollars) varied as expected between 

studies; with the total costs, direct costs, and indirect costs ranging between US$8,528 and 

US$54,244, US$6,144 and US$34,511 and US$1,896 and US$ 19,733, respectively.131 On 

average, in these US-based studies, direct costs comprised 77% of total costs (range: 64%–

91%).131 Other systematic reviews reached similar conclusions, with direct costs (mainly 

driven by the cost of DMTs, particularly for those at early-to-mid-stages of disability severity) 

constituting larger part of the total costs.133,135 COI studies from Asia and South America 
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predominantly focused on the direct costs, with costs estimates varying as expected between 

studies.  

A positive association between costs of MS and disability severity has been consistently 

observed, even in the presence of inter-studies EDSS grouping and other differences.70-94,96-

98,100-103,138,190 which is as expected from a higher need for medical and non-medical care 

associated with progressing disability. Overall, eighty-eight (80%) studies included in our 

review reported the overall costs of MS as well as the breakdown of these costs by disability 

severity. Importantly, all studies reporting disability severity-specific cost estimates have 

grouped no disability and mild disability together as one group. However, there can be 

important differences between these two groups, that may require separate reporting of the 

estimates for no disability and mild disability categories.  

Based on the most recently published systematic review of 20 European countries,135 the mean 

total (direct and indirect) costs of MS stood at €40,303 (in 2015 euros), ranging from €23,707 

(for Mild MS) to €59,611 (for Severe MS). Another systematic review has shown that the 

direct medical costs dominate the overall costs in lower disease severity levels. However, 

direct non-medical costs and indirect costs increase significantly (far outweighing the 

contribution of direct medical costs) as patients progress in their disease course.138 

Figure 2.8 provides some insights into the evolution of the economic burden of MS as patients 

progress from mild to severe disability.  

Figure 2.8 Mean Annual Costs of MS by disability severity (2015€ PPP) 

 

Note: MS=Multiple Sclerosis 

Source: Kobelt, G. Thompson, A. Berg, J. Gannedahl, M. Eriksson, J. 2017, New insights into the burden and 

costs of multiple sclerosis in Europe 

Overall, both direct and indirect costs increased with increasing disability severity in all 

included studies (that reported disability severity specific cost estimates). In accordance with 
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the previous findings, we found significant variations in the reported costs – both direct and 

indirect – across the entire spectrum of n=110 included studies. However, the estimates from 

different studies and jurisdictions with alternative study periods, samples, 

availability/use/price of services, surgery type distributions, healthcare systems and other 

factors cannot be meaningfully compared in the presence of these differences.  

2.5.2 Australian studies on the economic burden of MS 

Two journal publications6,159 and two research reports,216,217 aimed at investigating the 

economic burden of Australians with MS, have been published to date. In 2005, Access 

Economics performed an analysis of the economic costs of MS in Australia.217 The study 

primarily took a ‘top down’ approach supplemented by a ‘bottom-up’ approach where data 

were available. The Access Economics study estimated that the total (direct and indirect) 

financial costs of MS in 2005 were AU$37,333 per person with MS, corresponding to more 

than AU$600 million for all people with MS in Australia. In 2007, Taylor et al.159 estimated 

costs of MS in Australia using a ‘bottom up’ approach based on the results of a questionnaire 

completed by 100 people with MS in Tasmania, and then extrapolated to the national level. 

Overall, the average annual direct and indirect costs per person with MS were AU$20,396 and 

AU$15,085, respectively, totalling AU$35,481. In 2010, Palmer et al. used updated prevalence 

and cost data from the economic impact survey of the Australian MS Longitudinal Study to 

assess the COI of MS from a societal perspective, using primarily a ‘bottom up’ costing 

approach. The results from this episode of research were published both in the form of a 

research report216 as well as in the form of journal publication6 (Table 2.9).  

Table 2.9 Summary of Australian studies investigating the economic burden of MS  

Author Year MS type Currency 
Costing 

approach 

Direct 

costs 

indirect 

costs 
total costs 

ACCESS 

ECONOMICS 
2005 all types AUD 2005 

primarily top-

down 
8,425 28,908 37,333 

Taylor BV et al. 2007 all types AUD* bottom up 20,396 15,085 35,481 

COVANCE and 

Palmer AJ 
2011 all types 

AUD 

2010 

primarily 

bottom up 
25,659 23,286 48,945 

Palmer AJ et al. 2013 all types 
AUD 

2010 

primarily 

bottom up 
25,659 23,286 48,945 

* price year is not reported  
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The total mean cost of MS per person in 20106,216 was AU$48,945 and the total cost to the 

Australian society was AU$1.04 billion (95% CI: 0.96 to 1.12). This was a 58% increase 

compared to the AU$600 million in 2005. The total mean costs per person increased with 

increasing disability severity and was AU$36,369, AU$58,890 and AU$65,305 for mild, 

moderate, and severe disability, respectively. 

2.5.3 Evidence gaps in Australian studies of the economic burden of 

MS 

As shown in Sections 2.5.1 and 2.5.2, studies on the economic burden of MS have been 

published in Europe, Americas and elsewhere, with most conducted from a societal 

perspective and based on a bottom-up costing approach. These studies have shown that MS 

poses both direct and indirect cost burden, and that a high correlation exists between economic 

costs of MS and disease severity. Whilst a few COI studies of MS have been published in 

Australia6,159,216,217 and have been vital for MS researchers and other stakeholders, in 

underpinning advocacy and building the case for increased research and social and healthcare 

supports for Australians with MS, even the most recent6 of these Australian studies was based 

on now more than decade old data. The landscape of MS in Australia is likely to have changed 

over time, which may impact the costs of MS management in Australia. Additionally, the most 

recent Australian MS COI study6 did not capture all cost categories/sub-categories that are 

important to the detailed and comprehensive analysis of MS-related costs. For instance, the 

study did not account for transport costs associated with the use of private car, patient 

transport, public transport, taxis, and car parking fees by people with MS in relation to their 

disease; and indirect costs associated with absenteeism and presenteeism. Further to this, the 

detailed breakdown of some of the cost categories (e.g.: prescription medication, special 

equipment, car/home modifications, and lost wages) into more than one sub-category was not 

provided in that study. For example, costs from lost wages can be the result of early retirement 

of people with MS, changes in their employment status (e.g.: from fulltime to part-time) or 

changes in their occupation groups. However, no such breakdown was provided. Additionally, 

this latest Australian study also followed the conventional approach of grouping people with 

no and mild disability together under one broad category of (mild) disability, which may not 

be the best categorisation scheme due to likely and important differences between these 

severity sub-groups. Finally, the last Australian COI of MS study provided only the crude 
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(unadjusted) estimates of costs by disability severity and no multivariable analyses were 

performed. 

A comprehensive contemporary analysis of the updated societal (direct and indirect) costs of 

MS in Australia, broken down by key cost categories, sub-categories, and (more granular) 

disability severity categories is therefore timely and needed for policy development, advocacy, 

and public health management. A multivariable analysis of MS-related costs is also needed to 

predict the costs of MS for people with alternative clinical and socio-demographic profiles, 

and to identify whether or not covariate adjusted cost differences between various disability 

groups are statistically significant. Finally, a direct comparison of updated MS-related costs 

with the previous Australian evidence is important to know how the cost landscape is changing 

for Australians with MS. The detailed breakdown of MS related costs into more granular costs 

and disability severity categories can aid the further development of the methods for economic 

analyses as well as for analysis of improvements and investments in health care, and the 

construction of future health economic models of MS aimed at predicting lifetime costs of MS 

and identifying cost effective MS interventions for Australians and similar populations at 

varying levels of disability severity.  

2.6 Transition Probabilities of progression of disability in 

MS 

This section provides a summary of the International and Australian literature documenting 

the transition probabilities of changing disability levels in MS, and identifies the evidence gaps 

in this area for Australia. 

2.6.1 Global studies on the probabilities of disability progression in 

MS 

Pathogenesis of disability progression in MS is complex and may involve genetic and/or 

environmental factors. Whilst a sizeable number of previous studies have identified the factors 

that are associated with disability progression in MS 218-235 the transition probabilities of 

progression of disability due to MS have been documented in only a small number of studies 

around the globe. As a comprehensive summary of the literature identifying the factors 

associated MS disability progression has been provided in the past236,237 and these literature 

also do not fall within the main scope of our research thesis, we have limited our literature 
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review to only those studies that have documented the transition probabilities of changing 

disability levels in people with MS. To date, no systematic review has been performed to 

summarise the studies that report transition probabilities of MS disability progression. To 

provide an overview of the literature on this topic and to identify the evidence gap for 

Australia, we conducted a literature review and identified seven studies documenting the 

transition probabilities of changing disability levels in MS.64-66,238-241 Of these, 4 were 

conducted in the US,64-66,238 one study each conducted in Canada,240 and Sweden,241 and one 

remaining study239 was based on data predominantly from North American and European 

nations (Table 2.10). Three studies were solely focused on people with RRMS,64,65,239 two 

studies focused on people with RRMS and those with a clinically isolated syndrome 

(CIS),66,238 one study focused on RRMS together with SPMS,240 and remaining one study 

covered all types of MS.241 Three studies reported annual transition probabilities for MS 

progression, two studies reported the transition probabilities of future events, one study 

reported 3-months transition probabilities and one study reported 6-months transition 

probabilities.  

Table 2.10 Studies documenting the probabilities of disability progression in MS 

Studies Country MS Sample Disability Categorisation  Transition probabilities type 

Mandel et al, 

2013 
US RRMS 

EDSS 0-1.5, 2-2.5, 3-3.5, 

4-4.5, 5-5.5, 6+ 
3-months transition matrix 

Gauthier et al, 

2007 
US RRMS + CIS 

EDSS 0-1.5, 2-2.5, and ≥
3 

6-months transition matrix 

Mandel et al, 

2007 
US RRMS + CIS 

EDSS≤1, EDSS=2, 

EDSS≥3 

Probability of reaching EDSS 3 or 

higher in 5 years 

Mandel et al, 

2008 
US RRMS 

EDSS 0-1.5, 2-2.5, and ≥
3 

Probabilities of sustained MS 

progression in 2 years 

Gani et al, 

2007 

North America, 

Europe 
active RRMS 

EDSS 0, 1.0, 1.5-2, 2.5-3, 

3.5-4, 4.5-5, 5.5-6, 6.5-7 
annual transition matrix 

Su et al, 2016 Canada 
RRMS + 

SPMS 
EDSS 0,1,2,3,4,5,6,7,8,9 

annual transition matrix, by MS 

type 

Freilich et al, 

2018 
Sweden All MS types EDSS 0,1,2,3,4,5,6,7,8,9 annual transition matrix 

MS=Multiple Sclerosis, CIS=clinically isolated syndrome 

All these studies used EDSS to assess disability severity, with alternative severity subgroup 

numbers (ranging from 3 to 9) and disability progression definitions. For instance, the 

transition probabilities of experiencing and sustaining an EDSS score ≥3 within 5 years in 267 

people with MS were found to be 0.18 (for people with baseline EDSS≤1) and 0.29 (baseline 

EDSS=2).238 A further study classified 140 people with MS into three disability categories 

namely: no disability (EDSS≤1.5); mild disability (EDSS 2–2.5); and moderate to severe 

disability (EDSS≥3).65 The study reported that the biennial probability of sustained MS 
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progression among those having no disability at baseline was 0.46 (for those treated with IMI 

betaferon-1a) and 0.55 (for placebo). The comparable figures for those having mild disability 

at baseline were 0.30 (IMI betaferon1a) and 0.6 (placebo). Whilst the existing literature 

attempting to estimate the probabilities of disability progression for general Australian 

population is available,242-244 we could not identify any study estimating the transition 

probabilities of disability progression in Australians with MS.  

 2.6.2 Evidence gaps regarding the probabilities of MS-related 

disability progression  

Multi-state health economic evaluation models aimed at predicting disease outcomes and 

assessing the cost-effectiveness of various MS interventions require reliable and robust 

estimation of transition probabilities of changing disability levels. Whilst some research has 

been conducted on the topic in the US and other parts of the world (as detailed in Section 

2.6.1), no previous studies in MS-specific disability progression in Australia have been 

published to date but are needed for two key reasons. First, the previously published studies 

defined disease categories and progression of disability in ways that do not necessarily fit well 

with the standard MS disability severity classification scheme (i.e.: mild disability [EDSS 

levels 0−3.5]; moderate disability [EDSS levels 4−6]; and severe disability [EDSS 6.5−9.5]), 

that we aim to use in our future Australian health economics model of MS. Second, the 

International Society for Pharmacoeconomics and Outcomes Research (ISPOR) has 

recommended the use of model input parameters that are locally derived to order to ensure that 

health economic models are representative of the reality.42 Thus, the estimation of transition 

probabilities from an Australian population of people with MS at varying levels of disability 

severity is imperative to develop Markov state-transition models of the progression of MS to 

predict long-term disease outcomes including life expectancy, quality-adjusted life years and 

total lifetime costs; and to assess the cost-effectiveness of various MS interventions in 

Australian and similar populations.  
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Chapter 3: The increasing economic burden of 

multiple sclerosis by disability severity in Australia 

in 2017: results from updated and detailed data on 

types of costs 

3.1 Preface 

Chapter 3 presents Study 1 of this thesis which provided a comprehensive contemporary 

analysis of the updated societal costs of MS in Australia using a large representative sample 

of Australians with MS. These are the first data with such a comprehensive coverage of MS 

related (direct and indirect) costs, broken down by key cost categories, sub-categories and 

disability severity. Our direct comparison of MS-related costs with the previous Australian 

evidence demonstrates how the cost landscape is changing for people with MS. The study 

highlights the key changes in MS management costs that have occurred since 2010 and 

illustrates the economic benefits of effective treatment for people with MS and provides an 

evidence based, holistic and rigorous platform to raise awareness of the increasing costs of 

MS, particularly as disease severity increases. Notably, this is the first study in Australia (and 

perhaps globally) with such a detailed and comprehensive coverage of MS related costs. Most 

previous analyses have grouped no and mild disability together as one group. However, our 

more granular approach has shown that there are important differences between these groups 

and therefore should be reported separately. 

The text in this chapter has been published in Multiple Sclerosis and Related Disorders journal 

(Ahmad, Hasnat, et al. "The increasing economic burden of multiple sclerosis by disability 

severity in Australia in 2017: Results from updated and detailed data on types of costs." 

Multiple sclerosis and related disorders 44 (2020): 102247) (Supplement 3A). It is also advised 

that this chapter was partially the subject of Chapter 3 of the non-peer reviewed and publicly 

available burden of illness study, targeted to a broader non-academic audience, and prepared 

for MS Research Australia. The report titled ‘Health Economic Impact of Multiple Sclerosis 

in Australia in 2017’ is downloadable from the below link: 

https://msra.org.au/wp-content/uploads/2018/08/health-economic-impact-of-ms-in-australia-

in-2017_ms-research-australia_web.pdf.  
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This thesis chapter is different from Chapter 3 of the above-mentioned research report, in terms 

of its key focus, included tables, figures and supplement. It summarizes the material from a 

much longer report that makes it more accessible to the academic readership. It also covers 

additional analyses including the generalized linear regression model to predict MS related 

costs. The discussion section of the paper has been rewritten to suite an academic audience, 

and it is much more focused and comprehensive. 

3.2 Abstract 

Background: Economic costs of Multiple Sclerosis (MS) in Australia were last estimated in 

2010 and are likely to have changed over time, especially given this new era of increased 

access to higher efficacy disease modifying therapies (DMTs) with a strong focus on earlier 

MS diagnosis and treatment. 

Objectives: To provide a comprehensive contemporary analysis of the updated direct and 

indirect costs of MS in Australia from a societal perspective and to examine how the cost 

landscape has changed overtime. 

Methods: Costs were estimated from the 2016 Economic Impact Survey (EIS) of the 

Australian MS longitudinal Study (AMSLS) and were stratified by various (indirect and direct) 

cost categories/sub-categories and disability severity. Disability was assessed with the patient 

determined disease steps (PDDS) and mapped against the gold-standard Expanded Disability 

Status Scale (EDSS), and classified as no disability (EDSS level: 0), mild (EDSS 1–3.5), 

moderate (EDSS 4–6) and severe (EDSS 6.5–9.5). A generalized linear model (GLM) 

predicted covariate adjusted costs for each disability severity. All costs are presented in 2017 

Australian dollars. 

Results: 488 (15.5% of the 3,163) AMSLS participants completed the survey. Annual costs 

per person with MS increased 17% from 2010 to $68,382 in 2017, driven largely by increased 

direct costs (from $16,306 in 2010 to $30,346 in 2017) (particularly those related to DMTs, 

hospitalizations, consultations, and medical tests), but offset by decreased costs of lost wages 

(from $29,030 in 2010 to $21,858 in 2017) as a result of recent positive shifts in the 

employment landscape for Australians with MS. Costs increased with increasing disability 

severity: $30,561 (95% confidence intervals [CI]: $25,672–$35,451), $55,815 (95%CI: 

$47,503–$64,126), $76,915 (95%CI: $68,866–$84,964), and $114,813 (95%CI: $102,252–

$127,374) for no, mild, moderate and severe disability, respectively. The differences in costs 
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between the four disability groups remained statistically significant even after adjustment for 

age, sex, DMT usage status, disease course and areas of remoteness. 

Conclusions: MS has an increasing economic burden in Australia. The study provides current 

economic data on MS in Australia that are important for policy development, priority setting 

and management of public health. 

3.3 Introduction  

Multiple sclerosis (MS) is an autoimmune/neurodegenerative disease in which the myelin 

sheath covering nerve fibres in the central nervous system (brain, optic nerves and spinal cord) 

is damaged, leading to neurological impairments including cognitive, motor and/or sensory 

functions and subsequent disability.1, 2 MS substantially impacts health and wellbeing, as well 

as poses a major economic burden to people with MS, their families, caregivers and society.3 

The costs of managing MS in Australia are substantial, especially given the costly disease 

modifying therapies (DMTs) and tendency of MS to strike people in their most productive life 

years (between 20 and 40 years of age), resulting in considerably reduced work 

hours/productivity/income for people with MS.3, 4 The number of people with MS in Australia 

has increased from 21,283 (in 2010) to 25,607 (in 2017), and the prevalence increased from 

95.6/100,000 (2010) to 103.7/100,000 (2017).5 The rising prevalence of MS in Australia may 

further inflate the total costs of MS in Australia.  

Studies on the economic burden of MS have been published in Europe and elsewhere, with 

most conducted from a societal perspective and based on a bottom-up costing approach.6-34 

These studies have shown that MS poses both direct and indirect cost burden, and that a high 

correlation exists between economic costs of MS and disease severity. A further study limited 

to only indirect costs of MS and found a substantial early loss of employment and income in 

New Zealanders with MS.35 Two nationwide studies on the economic costs of MS in Australia 

have been previously reported: in 2005 and 2011.3, 36 A third Australian study estimated the 

economic burden of MS in 2007 based on data from Hobart (Tasmania) and then extrapolated 

to the national level.37 These studies have been vital for MS researchers and other stakeholders, 

in underpinning advocacy and building the case for increased research and social and 

healthcare supports for people with MS. However, even the most recent of these studies3 was 

based on now decade old data. Cost estimates from this study were primarily based on a 

‘bottom-up’ research methodology and did not capture all cost categories/sub-categories that 

are important to the detailed analysis of MS-related costs. The current landscape of MS in 
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Australia differs substantially from that at the time of publication of the last cost-of-illness 

(COI) analysis.3 For example, Australians now have access to a range of higher efficacy and 

more expensive DMTs for relapsing-remitting MS, bringing potential impacts on health 

outcomes for people with MS, and hence, the costs. There is also a strong focus on earlier 

diagnosis and treatment of MS. All of this may contribute to differences in the costs of MS 

management over time. An updated COI analysis of MS in Australia is therefore timely and 

needed for policy development, advocacy and public health management. The study provides 

a comprehensive contemporary analysis of the updated societal costs of MS in Australia and 

examines how the cost landscape is evolving for people with MS. Whilst the current analysis 

is based on methodology similar to that of the most recent Australian study on the topic,3 our 

study aimed to be more comprehensive and granular as we considered additional cost 

categories/sub-categories that were neglected in the past due to the unavailability of more 

detailed primary data.  

3.4 Material and methods 

3.4.1 Study Design 

Participants in this study were part of the Australian Multiple Sclerosis Longitudinal Study 

(AMSLS), a survey-based study, comprising of a national representative sample of over 3,000 

Australians with MS, with an estimated 96% with a confirmed diagnosed of definite MS from 

a neurologist according to McDonald criteria.38 Recruitment to the AMSLS is ongoing and 

participants can choose to withdraw at any time. A written informed consent to participate in 

the study was obtained from all participants. 

The analysis presented here is based predominantly on data from 2016 Economic Impact 

Survey (EIS) of the AMSLS, consisting of a baseline questionnaire (3,163 active participants 

invited, 1,577 [49.9%] responded) and a cost diary (3,163 active participants invited, 488 

[15.5%] responded). The baseline survey established basic sociodemographic, clinical, 

employment and financial profiles of people with MS, as well as provided an indication of the 

indirect costs of MS and informal care costs. The cost diary captured detailed information on 

various direct cost categories relating to MS such as DMTs, hospitalizations, consultations, 

laboratory and transportation (Supplements 3.1, and 3.2). Respondents were asked to record 

all costs and resource use related to their MS on a daily basis over six months to minimise the 

possibility of any recall bias.39 Furthermore, all resources that were expected to be used were 



Chapter 3 

87 

specified for each cost category so as to minimize errors due to spelling and to enable 

participants to recall their resource use better. The EIS 2016 did not capture information on 

MS-related work productivity loss (due to absenteeism and presenteeism), types of MS and 

DMT usage status (i.e.: if using DMTs at the time of survey). Lost productivity costs for n=488 

economic impact survey participants were therefore measured based on data from the 

Employment Survey 2015 of the AMSLS (conducted only four-to-five months prior to the EIS 

2016) by matching participants’ ID numbers, and information on their types of MS and DMT 

usage status was obtained from the 2016 Medications and Disease Course Survey of the 

AMSLS. 

3.4.2 Sample Characteristics 

We used descriptive analysis to summarize the respondents’ clinical and sociodemographic 

characteristics including their age, sex, MS duration since diagnosis, DMT usage status, MS 

course, disability severity, and Australian State of residence. To evaluate the 

representativeness of our sample, we compared the characteristics of respondents with non-

respondents using T-test (for continuous variables) and χ2-test/Fisher’s exact test (for 

categorical variables). 

Disability was measured using the Patient-Determined Disease Steps Scale (PDDS), a 

validated patient-reported outcome of mobility-based functional disability in MS that 

correlates highly with the gold-standard Expanded Disability Status Scale (EDSS).16, 40-44 

Following other studies in the field,3, 16, 45-47 the EDSS was mapped from PDDS scores 

collected in the AMSLS survey (Supplement 3.3). Based on EDSS equivalents, we classified 

respondents into four categories of disability, namely: no disability [EDSS level: 0], mild 

disability [EDSS: 1–3.5], moderate disability [EDSS: 4–6] and severe disability [EDSS: 6.5–

9.5].” 

3.4.3 Cost Analyses 

We determined the full societal costs of MS based on data from Australians with MS who 

completed both parts of the survey. Table 3.1 provides an overview of the categories of costs 

considered in this analysis, and for most of the direct cost categories, participants were asked 

to report on how much they paid and who paid the balance. As participants were asked to 

report special equipment and alteration to car/home costs in the past five years, we annualised 

these costs by dividing by five. All other direct costs were based on a six-month period, and 
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hence, were annualised by multiplying by two. We relied primarily on the ‘bottom-up’ costing 

approach (supplemented by a ‘top-down’ approach where patient level data were 

unavailable).48 The former collects data directly from patients, and the latter uses national 

databases and research panels, including registries (Supplement 3.4).  

Table 3.1. Categories of costs considered in the current analysis 

Cost category Inclusions 

Direct costs - overall* 

Direct costs – personal* 

Direct costs – community / 

government* 

1. Prescription medications

i. Disease modifying therapies

ii. Symptom-specific medications

iii. Other medications

2. Non-prescription medications**

3. Disposable equipment

4. Health professionals

5. Nursing services

6. Community and private services

7. Medical tests

8. Hospital stays

9. Special equipment

i. Special equipment- Hire

ii. Special equipment Purchase-MOBILITY

iii. Special equipment Purchase-VISUAL

AIDS

iv. Special equipment Purchase-

COMMUNICATIONS 

v. Special equipment Purchase-BATHROOM

vi. Special equipment Purchase-KITCHEN

vii. Special equipment Purchase-BEDROOM

viii. Special-GENERAL

10. Alterations to home and car

i. alterations to home

ii. Alteration to car

11. Transport

Nursing home and equivalent 

costs 
12. Residential care

Informal care costs 13. Costs to carers due to reduced employment

Indirect costs 

14. Costs from lost wages

i. Early retirement costs

ii. Occupation change costs

iii. Employment status change (e.g.: from

fulltime to part-time) costs

15. Costs from lost productivity***

i. Absenteeism costs

ii. Presenteeism costs
*Excludes nursing home costs and Informal care costs

**includes over the counter medications, and vitamin or mineral supplements

***MS-related work productivity loss was measured from the Employment Survey 2015 of the Australian

Multiple Sclerosis Study (AMSLS)
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All costs were estimated in 2017 Australian dollars (AUD), using the purchasing power parity 

exchange rates (PPP AUD 2017). The overall and direct costs of MS and the breakdown of 

these costs by key cost categories (of Table 3.1) and disability severity were calculated. For 

the sake of brevity, only mean costs were reported in the text (included tables and figures also 

report 95% confidence intervals [CIs]). The total population estimate was obtained by 

multiplying the costs per person by the 2017 estimate of the number of people with MS in 

Australia (n=25,607).5 

Prescription medication costs were calculated using the Pharmaceutical Benefits Schedule 

(PBS) cost schedule (1 June 2017)49. As we did not know the co-payment types (general vs 

concessional) of our sample for MS-specific prescription medications, the average co-payment 

amount of $8.90 was applied (Supplement 3.4). Only 2 of the 488 respondents indicated that 

they resided in a nursing home, which may underestimate the actual number of Australians 

with MS in nursing homes as they are less likely to respond.3 The annual nursing home costs 

were therefore estimated indirectly at $63,43 using information from other sources50, 51 

(Supplement 3.4), and applied only to severely disabled people with MS as they are more 

likely to end up in nursing homes. 

Informal care costs were assessed directly from the reported changes in average weekly 

earnings of the carers due to care provision to a person with MS (Supplement 3.4). Participants 

reported their Australian and New Zealand Standard Classification of Occupations (ANZSCO) 

occupation category. They were asked to indicate if MS made them leave employment. 

Participants also reported any changes to their pre- and post-MS-onset employment status 

(e.g.: from full-time to part-time) and occupation groups. A wage was attributed to each 

participant pre- and post-MS-onset using the average wage by occupation and sex.52 Indirect 

costs from lost wages were calculated by taking the difference between each participant’s pre- 

and post-MS-onset wage and broken down into three sub-categories: 1), early retirement costs; 

2) employment status change costs; and 3) occupation change costs (Supplement 3.4).  

We also calculated indirect costs from lost productivity (absenteeism+presenteeism), where 

absenteeism is lost productivity due to being absent from work due to illness, and presenteeism 

is reduced productivity due to illness but remaining at work, using the work productivity and 

activity impairment questionnaire (MS version [WPAI: MS]),53 administered as part of the 

AMSLS’s Employment Survey 2015. Costs from absenteeism and presenteeism were 

calculated by multiplying the percent productive time lost by the average weekly income of 
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the respondents. Annual total work productivity loss was obtained by adding the annualised 

costs from absenteeism and presenteeism together (Supplement 3.4). 

Because the informal care costs, indirect costs from lost wages/productivity were all based on 

2016 income estimates, we inflated these costs to 2017 levels using an annual wage inflation 

factor of 2% for the year 2017.54 

3.4.4 Regression Analysis of Total costs on Disability Severity and 

other Variables 

We used a generalized linear model (GLM) with Poisson family and log-link function55 to 

predict the total costs of MS for people with alternative clinical and sociodemographic profiles, 

and to identify whether or not covariate adjusted cost differences between various disability 

groups remained statistically significant. Our explanatory variables included: disability 

severity (no=0, mild=1, moderate=2, and severe=3), age (<35 years=0, 35-44=1, 45-54=2, 55-

64=3, and 65+=4), sex (1=female and 0=male), MS course (relapsing-remitting=0, primary 

progressive=1, secondary progressive=2, and progressive relapsing=3), Australian remoteness 

areas (metropolitan=0, regional=1, and remote/very remote=2)56 and DMT usage status (off 

DMT=1, and 0 otherwise). We used the Modified Park test to determine family distribution 

for GLM (Supplement 3.4).57 

3.5 Results 

3.5.1 Respondents’ Characteristics 

Average age of respondents (n=488) was 55.8 years, with almost three-quarters aged between 

35 and 64 years (Table 3.2). Mean duration of MS from diagnosis was 15.5 years, and 

approximately four out of five respondents were female. More than half came from New South 

Wales (NSW) and Victoria (VIC). Over half (n=261, 53%) of the respondents were either 

moderately or severely disabled, and more than two-thirds (n=339, 69%) were using DMTs at 

the time of survey. Three out of four respondents identified their MS type either as relapsing 

remitting (n=291, 60%) or secondary progressive (n=68, 14%), whereas, the MS type for 45 

(<10%) respondents was progressive from onset. 
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Table 3.2. Clinical and Sociodemographic Characteristics of the Sample 

 Respondents Non-respondents P-value* 

Characteristics (N=488) (N=2675)  

Age    

Average in years (n)  55.8 (486) 54.8 (2,643) 0.07 

Sex    

Male % (n)  19 (90) 22 (583) 0.10 

Female % (n)  81 (398) 78 (2092)  

Age group     

<35 % (n)  4 (18) 4 (107) 0.38 

35-44 % (n)  15 (73) 16 (441)  

45-54 % (n)  26 (125) 26 (705)  

55-64 % (n)  31 (151) 31 (810)  

65+ % (n)  24 (119) 22 (590)  

State of usual residence     

New South Wales % (n)  27 (132) 31 (837) 0.41 

Victoria % (n)  25 (123) 27 (728)  

Queensland % (n)  15 (72) 14 (386)  

South Australia % (n)  10 (50) 8 (223)  

Western Australia % (n)  11 (52) 11 (286)  

Australian Capital Territory % (n)  6 (28) 3 (74)  

Tasmania % (n)  5 (25) 5 (128)  

Northern Territory % (n)  <1 (1) <1 (6)  

*MS type    

PPMS % (n)  6 (32) NR  

RRMS % (n)  60 (291) NR  

SPMS % (n)  14 (68) NR  

PRMS % (n)  3 (13) NR  

Unsure % (n)  10 (49) NR  

DMTs usage**    

Yes % (n)  69 (339) NR  

No % (n)  30 (142) NR  

Disability severity     

No disability % (n)  21 (103) NR  

Mild disability % (n)  25 (122) NR  

No/mild disability % (n)  46 (225) NR  

Moderate disability % (n)  35 (173) NR  

Severe disability % (n)  18 (88) NR  

MS duration since diagnosis    

Average in years (n) 15.5 (472) 15.2 (2,349) 0.50 
NR = Not recorded, MS = multiple sclerosis, DMT = disease modifying therapy 
Age group, State of residence, MS type, DMT usage status, and disability severity were not stated for 2, 6, 35, 7 

 and 2 respondents, respectively. 
*P-values are based on t-test (for age and MS duration), Chi-squared test (for sex and age group) and Fisher’s exact 

test (for State of usual residence). **Information on type of MS and DMT usage was obtained from the 2016 

Medications and Disease Course Survey of the AMSLS by matching participants’ ID numbers  
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3.5.2 Sample Representativeness 

When we compared respondents with non-respondents (n=2,675), we found no differences in 

sex (p=0.10), Australian state of residence (p=0.41), age (p=0.07), age group distribution 

(p=0.38) and MS duration from diagnosis (p=0.50).  

3.5.3 Total Costs of MS by Cost Category (the Overall Sample) 

The total annual costs per person with MS increased from $58,652 in 2010 to $68,382 in 2017 

(Table 3.3). The total costs for all people with MS in Australia (n=25,607)5 were $1,751 

million—an increase of $503 million from 2010, with over half ([$68,382 × 25,607] – 

[$68,382 × 21,283] =$295 million) of this increase attributable to the increase in total number 

of people with MS. A marked shift between various components of MS-related costs occurred 

over time (Figure 3.1). For instance, direct costs constituted the largest component of MS-

related costs in 2017 (44%, $30,346), compared to just 28% in 2010. Whereas, the indirect 

costs from lost wages declined from $29,030 (49% of the total costs) in 2010 to 21,858 (32% 

of the total costs) in 2017. Other significant components of the 2017 costs included the 

informal care costs (10%, $7,144), nursing home costs (9%, $6,343) and the indirect costs 

from lost productivity (4%, $2,691), with presenteeism being the largest component (82%) of 

these costs. 
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Table 3.3. Costs of MS by cost category per person for Australia ($2017) 

Cost Category 2017 Estimates  2010 Estimates  

Cost Category Per Person Costs (n=488) Total (Million)* Per Person Costs (n=702) Total (Million)** 

 Mean (95%CIs) Mean (95%CIs) Mean (95%CIs) Mean (95%CIs) 

Direct costs – personal $8,437 ($7,154−$9,721) $216 ($210−$223) $4,181 ($3,411−$4,952) $89 ($67−$111) 

Direct costs – community / 

government 
$21,911 ($20,447−$23,375) $561 ($545−$580) $12,126 ($11,284−$12,968) $258 ($194−$321) 

Direct costs – total $30,346 ($28,336−$32,354) $777 ($755−$804) $16,307 ($15,104−$17,510) $347 ($261−$432) 

Nursing home and equivalent 

costs 
$6,343 ($5,139−$7,547) $162 ($158−$168) $4,958 ($4,958−$4,958) $106 ($79−$131) 

Informal care costs $7,144 ($5,283−$9,005) $183 ($178−$189) $8,357 ($6,316−$10,398) $178 ($134−$221) 

Indirect costs from lost wages 

– early retirement 
$13,468 ($10,931−$16,004) $345 ($335−$357) 

NR NR 

Indirect costs from lost wages 

– employment status change  
$5,408 ($3,982−$6,835) $138 ($135−$143) 

NR NR 

Indirect costs from lost wages 

– occupation change 
$2,982 $(1,848−$4,117) $76 ($74−$79) 

NR NR 

Indirect costs from lost wages 

– overall  
$21,858 ($18,743−$24,974) $560 ($544−$579) $29,030 ($26,298−$31,762) $618 ($465−$769) 

Indirect costs from lost 

productivity - absenteeism 
$482 ($312−$651) $12 ($12−$13) 

NR NR 

Indirect costs from lost 

productivity - presenteeism 
$2,209 ($1,677−$2,741) $57 ($55−$58) 

NR NR 

Indirect costs from lost 

productivity – overall  
$2,691 ($2,052−$3,329) $69 ($67−$71) 

NR NR 

Total Costs $68,382 ($63,442−$73,322) $1,751 ($1,701−$1,811) $58,653 ($54,773−$62,533) $1,248 ($939−$1,553) 

NR = Not recorded, 95% CI= 95%confidence Interval, MS=Multiple sclerosis 

All costs are presented in 2017 Australian Dollars. 

*Based on 2017 prevalence of MS in Australia (25,607 [95%CI: 24,874−26,478]) (Source: Campbell et al. 2019) 

** Based on 2010 prevalence of MS in Australia (21,283 [95%CI: 16,011−24,016]) (Source: Palmer et al. 2013) 
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Figure 3.1. Costs of MS by cost categories – percent  

 

 
Note: Lost productivity costs were not estimated in 2010; MS= Multiple Sclerosis  

3.5.4 Total Costs of MS by Cost Category and Disability Severity 

From Figure 3.2 (Panel A), the total annual per person costs of MS increased with increasing 

MS-related disability severity: 30,561, $55,815, $76,915, and $114,813 for no, mild, moderate 

and severe disability, respectively. From Panel B, the direct personal costs and informal care 

costs increased with increasing disability severity, with zero informal care costs for the no 

disability group. Compared to the mild and moderate disability groups, the severe disability 

group incurred lower costs in the categories of direct community/government costs and 

indirect costs (from lost wages and lost productivity). Informal care costs almost tripled from 

mild disability ($3,441) to moderate disability ($10,494). Supplement 3.5 provides the 

itemised breakdown of overall costs by key cost categories/sub-categories and disability 

severity. 
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Figure 3.2. Costs of MS by cost category and disability severity - per person 
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not known for 2 people with MS; all costs are reported in 2017 Australian Dollars 
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3.5.5 Direct Costs of MS by Cost Category (Overall) 

The direct costs per person with MS increased from $16,307 in 2010 to $30,346 in 2017, with 

$8,437 (28%) of the 2017 costs borne by people with MS and $21,911 (72%) jointly incurred 

by the government and community (Table 3.3). The largest component was prescription 

medication costs (55%, $16,723), with DMTs comprising $15,882 (95%) of these costs in 

2017 (Figure 3.3 and Table 3.4). The second largest component was alterations to car/home 

(9%, $2,814), followed by hospitalisations (8%, $2,455), health professionals (8%, $2,282) 

and community and private services costs (7%, $2,045). Other substantial components were: 

transport (3%, $959), special equipment (3%, $860), medical tests (3%, $801), nursing 

services (2%, $600), and disposable equipment (<2%, $460). 

Figure 3.3. Direct Cost of MS by cost categories – percent  

 
MS = Multiple sclerosis; Non-prescription medications included over the counter medications, and vitamin or 

mineral supplements 
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Table 3.4. Direct costs - by cost category - per person with MS and for Australia ($2017) 

 2017 estimates (n=488) 2010 Estimates (n=712) 

Cost Category Per Person Costs  Total (Million)* Per Person Costs  Total (Million)** 

 Mean (95%CIs) Mean (95%CIs) Mean (95%CIs) Mean (95%CIs) 

Prescription medication: DMTs $15,882 ($14,771−$16,992) $406.7 ($395.0−$420.5) NR NR 

Prescription medication: Symptom Specific $524 ($386−$663) $13.4 ($13.0−$13.9) NR NR 

Prescription medication: Others  $317 ($204−$430) $8.1 ($7.9−$8.4) NR NR 

Prescription medication: Overall  $16,723 ($15,588−$17,858) $428.2 ($416.0−$442.8) $9,648 ($9,016−$10278) $205.3 ($154.5−$231.7) 

Non-prescription medication*** $347 ($299−$395) $8.9 ($8.6−$9.2) $321($286−$355) $6.8 ($5.1−$7.7) 

Disposable equipment $460 ($265−$656) $11.8 ($11.5−$12.2) $163 ($125−$199) $3.5 ($2.6−$3.9) 

Health professionals $2,282 ($2,016−$2,548) $58.4 ($56.8−$60.4) $970 ($833−$1,109) $20.6 ($15.5−$23.3) 

Nursing services $600 ($407−$793) $15.4 ($14.9−$15.9) $551 ($228−$873) $11.7 ($8.8−$13.2) 

Community and private services $2,045 ($1,488−$2,601) $52.4 ($50.9−$54.1) $1,051 ($514−$1,587) $22.4 ($16.8−$25.2) 

Medical tests $801 ($705−$898) $20.5 ($19.9−$21.2) $265 ($225−$305) $5.6 ($4.2−$6.4) 

Hospital stays $2,455 ($1,806−$3,103) $62.9 ($61.1−$65.0) $379 ($282−$475) $8.1 ($6.1−$9.1) 

Special equipment (SE)- Hire  $17 ($3−$31) $0.4 ($0.4−$0.4) NR NR 

SE Purchase-MOBILITY $390 ($310−$470) $10.0 ($9.7−$10.3) NR NR 

SE Purchase-VISUAL AIDS $59 ($41−$78) $1.5 ($1.5−$1.6) NR NR 

SE Purchase-COMMUNICATIONS $95 ($64−$126) $2.4 ($2.4−$2.5) NR NR 

SE Purchase-BATHROOM $72 ($45−$99) $1.8 ($1.8−$1.9) NR NR 

SE Purchase-KITCHEN $24 ($12−$37) $0.6 ($0.6−$0.6) NR NR 

SE Purchase-BEDROOM $115 ($77−$153) $2.9 ($2.9−$3.0) NR NR 

SE Purchase-GENERAL $87 ($64−$110) $2.2 ($2.2−$2.3) NR NR 

SE Purchase-OVERALL $860 ($709−$1,010) $22.0 ($21.4−$22.8) $556 ($467−$646) $11.8 ($8.9−$13.3) 

Alterations to home $2,228 ($1,374−$3,082) $57.1 ($55.4−$59.0) NR NR 

Alterations to car $586 ($424−$749) $15.0 ($14.6−$15.5) NR NR 

Alterations to car/home $2,814 ($1,928−$3,700) $72.1 ($70.0−$74.5) $2,403 ($1,728−$3,079) $51.1 ($38.5−$57.7) 

Transport Costs  $959 ($555−$1,363) $24.6 ($23.9−$25.4) NR NR 

Total Direct Costs $30,346 ($28,336−$32,354) $777.0 ($755.8−$803.5) $16,307 ($15,104−$17,510) $347.1 ($261.1−$391.6) 

 NR = Not recorded, 95%CI = 95% confidence interval, MS = Multiple sclerosis, all costs are presented in 2017 Australian Dollars  

**Based on 2017 prevalence of MS in Australia (25,607 [95%CI: 24,874−26,478]) (Source: Campbell et al. 2019) ** Based on 2010 prevalence of MS in Australia (21,283 

[95%CI: 16,011−24,016]) (Source: Palmer et al. 2013) ***includes over the counter medications, and vitamin or mineral supplements 
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3.5.6 Direct Costs of MS by Cost Category and Disability Severity 

From Figure 3.4 (Panels A and B), the direct per person costs of MS exhibited a steady increase 

with increasing disability severity: $22,513, $28,642, $32,744, and $37,815 for no, mild, 

moderate and severe disability, respectively. Prescription medications were the largest direct 

cost component for all disability classes. Prescription medication costs and medical tests costs 

for severe disability were however relatively lower than for the other disability groups. Costs 

of all other cost categories generally increased with increasing disability severity (Figure 

3.4B). The costs of community and private services, transport, and alteration to car/home 

increased markedly as a person with MS transitioned from moderate disability to severe 

disability. Supplement 3.6 provides the itemised breakdown of direct costs of MS by key cost 

categories/sub-categories and disability severity. 

3.5.7 Results from Generalized Linear Regression Model (GLM) 

Table 3.5 reports the estimated exponentiated coefficients of covariates in the GLM regression. 

Exponentiated coefficients provide a ratio of mean costs, which is the fold-increase in mean 

costs per unit increase in the covariate. For instance, a coefficient of 2.05 for mild disability 

indicates a 2.05-fold higher mean cost for those with mild disability compared to those with 

no disability. Results in Table 3.5 show that the covariate adjusted total cost differences 

between various disability categories were statistically significant, and costs increased with 

increasing disability severity even after multivariable adjustment. Costs were higher for male 

sex, and people using DMTs, and those living in non-metropolitan areas. For age, the costs 

increased, being highest at age 45-54 years, then decreased. People with secondary progressive 

MS incurred the highest costs.
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Figure 3.4. Direct Costs of MS by cost category and disability severity - per person ($2017) 
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MS = Multiple sclerosis; No disability includes EDSS level 0, Mild includes EDSS levels 1–3.5, Moderate includes EDSS levels 4–6, and Severe includes 

EDSS levels 6.5–9.5. Disability state was not known for 2 participants; All costs are reported in 2017 Australian Dollars. Non-prescription medications 

included over the counter medications, and vitamin or mineral supplements. 

$22,513 

($19,465−$25,560)

$28,642 

($25,641−$32,142)

$32,744 

($29,462−$36,026)

$37,815 

($31,349−$44,280)

$0

$5,000

$10,000

$15,000

$20,000

$25,000

$30,000

$35,000

$40,000

No Disability (n=103) Mild Disability (n=122) Moderate Disability (n=173) Severe Disability (n=88)

$
1

7
,5

2
1

 

$
2

0
2

 

$
2

0
 $
1

,4
1

4
 

$
3

5
3

 

$
3

3
7

 

$
7

3
9

 

$
1

,0
8

4
 

$
1

2
2

 

$
4

1
4

 

$
3

0
7

 

$
1

7
,8

4
2

 

$
2

5
5

 

$
6

6
 $
1

,7
8

8
 

$
6

3
0

 

$
1

,0
3

6
 

$
9

7
1

 $
3

,7
8

2
 

$
3

1
9

 

$
1

,4
5

6
 

$
4

9
7

 

$
1

8
,3

0
1

 

$
4

6
4

 

$
3

7
9

 $
2

,6
3

2
 

$
6

6
8

 

$
1

,8
9

2
 

$
8

1
4

 

$
2

,0
6

8
 

$
9

1
8

 $
3

,6
0

0
 

$
1

,0
1

0
 

$
1

1
,5

1
5

 

$
4

1
8

 

$
1

,6
8

5
 

$
3

,3
4

4
 

$
7

2
7

 

$
5

,7
8

9
 

$
6

3
3

 $
3

,0
3

7
 

$
2

,3
5

6
 $
6

,0
2

6
 

$
2

,2
8

5
 

$0

$2,000

$4,000

$6,000

$8,000

$10,000

$12,000

$14,000

$16,000

$18,000

$20,000

Prescription 

medication

Non-prescription 

medication

Disposable 

equipment

Health 

professionals

Nursing services Community and 

private services

Medical tests Hospital stay Special equipment Alterations to 

car/home

Transport Costs 

No Disability (n=103) Mild Disability (n=122) Moderate Disability (n=173) Severe Disability (n=88)



Chapter 3 

100 

3.6 Discussion  

This large nationally representative study provides current economic data on MS in Australia 

that are important for policy development, priority setting and management of public health. 

Notably, this is the first study in Australia to gather and analyse data regarding the individual 

and societal facets of MS-related costs. The study highlights the key changes in MS 

management costs that have occurred since 2010 and illustrates the economic benefits of 

effective treatment for people with MS. We showed that overall annual per person costs of MS 

Table 3.5. Predicting total costs of MS using a multivariable Generalized Linear Regression 

Model (GLM) 

 Exponentiated* GLM 

Coefficients (95%CI) 

Exponentiated* GLM 

Coefficients (95%CI) 

Disability Group Univariable Models  Multivariable Model  

No disability 1.00 (Ref) 1.00 (Ref) 

Mild disability  1.826 (1.821, 1.830) 2.015 (2.012, 2.018) 

Moderate disability  2.517 (2.508, 2.526) 2.831 (2.826, 2.835) 

Severe disability 3.757 (3.748, 3.765) 4.942 (4.933, 4.950) 

Sex   

Female  1.0 (Ref) 

Male  1.055 (1.051, 1.059) 0.892 (0.890, 0.894) 

Age group   

<35 years 0.775(0.772, 0.778) 0.730 (0.728, 0.732) 

35-44 years 0.794 (0.793, 0.796) 0.849 (0.848, 0.850) 

45-54 years 1.00 (Ref) 1.00 (Ref) 

55-64 years 0.938 (0.935, 0.942) 0.845 (0.843, 0.847) 

65+ years 0.702 (0.700, 0.704) 0.587 (0.585, 0.589) 

DMT usage   

Off DMT 1.00 (Ref) 1.00 (Ref) 

On DMT 1.209 (1.206, 1.213) 1.431 (1.429, 1.433) 

Disease course   

RRMS 1.00 (Ref) 1.00 (Ref) 

PPMS 1.108 (1.105, 1.111) 1.105 (1.102, 1.108) 

SPMS 1.494 (1.491, 1.497) 1.134 (1.132, 1.136) 

PRMS 1.058 (1.051, 1.066) 1.000 (0.988, 1.013) 

Remoteness area   

Metropolitan  1.00 (Ref) 1.00 (Ref) 

Regional  1.179 (1.176, 1.181) 1.082 (1.080, 1.084) 

Remote 1.035 (1.032, 1.038) 1.062 (1.059, 1.066) 

Constant  24,585 
*Exponentiated coefficients represent a ratio of mean costs, which is the fold-increase in mean costs per unit 

increase in the covariate. 

Total costs for a hypothetical cohort of females with mild disability, aged 45-54years, using DMTs, diagnosed 

with RRMS, and living in regional areas using the model results can be calculated as follows: 24,585 × 1 × 2.015 

× 1 × 1.431 × 1 × 1.082 =$76,671 

95% CI = 95% confidence interval, MS = Multiple sclerosis, RRMS= Relapsing-remitting MS, PPMS = Primary 

Progressive MS, SPMS = Secondary Progressive MS, PRMS = Progressive Relapsing MS, DMT = disease 

modifying therapy. 
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in Australia increased by 17%, from $58,652 in 2010 to $68,382 in 2017. This was largely 

driven by increased direct costs of DMTs, hospitalizations, consultations, and laboratory, and 

offset by decreased costs of lost wages as a result of recent positive shifts in the employment 

landscape for Australians with MS. The total costs for all people with MS in Australia in 2017 

were $503 million (41%) higher than 2010 costs (of $1,248 million). Whilst costs did increase 

significantly over 2010-2017, over half ($295 million) of this increase is due to increased 

prevalence of MS in Australia. We found a significant positive association between disability 

severity and MS costs, with a 3.8-fold higher annual per person cost for those with a severe 

disability ($114,813) compared to those with no disability ($30,561). 

Direct costs/person in 2017 ($30,346) nearly doubled from 2010 ($16,306). Whilst the 

difference appeared substantial, this was expected because the current treatment landscape in 

Australia has changed and evolved in the past decade, with increased costs of prescription 

medications (DMTs and others), health professionals, medical tests and hospitalisations. 

Australia has introduced several new DMTs during this period, which are not only relatively 

expensive but the mode of administration of these drugs is different, with many requiring a 

hospital setting for infusions (e.g. Tysabri and Lemtrada) and/or additional safety monitoring 

(e.g. Fingolimod). This may lead to higher inpatient care needs for people with MS, resulting 

in higher costs related to hospitalisation, health professionals, and others (as evidenced in our 

study). In addition, a higher percentage of our sample was using DMTs (~69%) in 2017 

compared to 2010 (~47%). Direct costs are also higher because the 2017 analysis included an 

additional direct cost category of ‘Transport Costs’, which represents costs associated with the 

use of private car, patient transport, public transport, taxis, and car parking fees by people with 

MS in relation to their disease (Supplement 3.4). 

Indirect costs from lost wages declined by 25% from $29,030 (49% of the total costs) in 2010 

to 21,858 (32% of the total costs) in 2017. A likely explanation is the recent positive shifts in 

the employment landscape for Australians with MS. A 2017 Australian study has 

demonstrated that the long-standing difference in employment rates for people with MS 

compared to the general population has reduced, with more Australians with MS now staying 

in the labour market and returning to the workplace.58 Consistent with previous findings,58, 59 

we expect that the availability of more recent higher efficacy DMTs, timely and better 

healthcare, and individualised care pathways, is likely to be the key contributing factor behind 

this change. In addition, the recent evidence shows that requests for work role and work 
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environment adjustments in today’s Australia are almost always provided,58 which may also 

contribute to the reduced indirect costs from lost wages in 2017. 

Informal care costs declined from $8,357 (in 2010) to $7,144 (in 2017). Better health outcomes 

for people with MS due to the use of more effective DMTs, and improved (patient-centred) 

management of MS may explain this pattern. Compared to 2010 ($4,958), nursing home costs 

in 2017 ($6,343) were higher, mainly due to substantial increase in per person accommodation 

support costs between the two periods (from $75,057 to $109,715).3, 60 Consistent with our 

previous results,61 we found that a substantial proportion (>80%) of indirect costs from lost 

productivity were associated with presenteeism. 

When looking at the costs by MS-related disability severity, the overall costs more than tripled 

from $30,561 (no disability) to $114,813 (severe disability). Compared to mild and moderate 

disability, severe disability incurred lower costs in the categories of direct 

community/government costs. This is explained by the lower prescription medication costs for 

severe disability group, which is not surprising as DMTs are rarely prescribed/administered to 

people with severe MS. Indirect costs from lost wages/productivity were also lower for severe 

disability as a substantial proportion of people in this group was aged 65+ years and no longer 

part of the paid workforce, hence, incurred indirect costs of AUD $0. Notably, the costs of 

community and private services, transport, and alteration to car/home increased markedly as a 

person with MS transitioned from moderate disability to severe disability, suggesting that 

keeping people with MS in low disability categories for longer can minimise these costs. 

Compared to people with mild or moderate disability, those with severe disability incurred 

lower costs in the category of medical tests, which is expected, as this group may have 

undergone most of the necessary medical tests at the early-to-mid stages of their MS. The 

hospitalisation costs were highest for mild disability, which may be explained by people at 

early stages of their MS accessing new DMTs (such as Tysabri and Lemtrada) through 

hospital-administered infusions. Other DMTs such as Gilenya (introduced in 2011) require 6 

hours of first dose monitoring which may also contribute to hospitalisation costs. 

Our choice of a GLM modelling framework to predict costs is suitable to the non-negative and 

skewed nature of health care expenditures and to accommodate non-linearity in response to 

covariates.55, 62The differences in costs between the four disability groups remained 

statistically significant even after covariate adjustment, confirming our descriptive 

(unadjusted) estimates shown in Figure 3.2a. Notably, the coefficients of ‘age-group’ indicated 
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that costs increased with age up to 54 years, and then decreased, with ‘age-group >65-years’ 

having the lowest mean costs. This is expected, as people aged 65+ (mostly retirees) are less 

likely to incur indirect costs (from lost wages/productivity) and/or to use DMTs. 

We compared our COI estimates with the 2017 estimates from other nations and found that 

per person costs of MS (expressed in 2017 Australian dollars) vary between nations, ranging 

from $38,356 in Czech Republic14 to $80,806 in Sweden,10 with an overall average of $61,074 

(Table 3.6). Australian per person costs of MS ($68,382) were comparable to nations such as 

Italy6 ($65,486) and Netherlands34 ($63,838), whereas Austria8 ($75,736), Spain28 ($76,250), 

Germany13 (76,317), Belgium12 ($77,112), and Sweden10 ($80,806) ranked higher than 

Australia. Australian costs were ahead of Czech Republic ($38,356), Russia ($45,966), Poland 

($46,882), Hungary ($51,902), United Kingdom33 ($53,432), Switzerland11 ($55,187) 

Portugal31 ($55,461), France 27 ($56,803) and Denmark30 ($57,650). Upon examination of 

changes over time, we found that total, direct and indirect costs of MS increased in Belgium 

and Netherlands and decreased in Austria, Germany, Italy, Spain, Sweden, Switzerland, and 

the United Kingdom. The reduction in total costs of MS over time appears to be driven by 

reduced 2017 direct and indirect costs of MS in these nations. Lower indirect costs of MS in 

these nations in 2017 are in accordance with the Australian evidence, however, lower direct 

costs are contrary to the Australian experience. Whilst these studies were based on a similar 

bottom-up costing approach and covered most of the cost categories included in our analysis 

using survey-based data from patient organisations, resource use was collected retrospectively 

with various recall periods, hence, may be subject to some recall bias. Furthermore, in contrast 

to our study, these studies did not have a breakdown of MS-related costs into various key 

categories and sub-categories (e.g.: subdomains of special equipment, productivity loss, wage 

loss). Absenteeism costs were frequently not considered, and studies did not demonstrate the 

representativeness of their samples to the respective national populations. While these studies 

further contextualise and add to our understandings of the economics and costs of MS in these 

nations, care must be taken when comparing results from different studies and jurisdictions 

with alternative study periods, samples, structures, resource utilisation levels, 

availability/use/price of healthcare services, disease severity distributions, current practices, 

and other factors (making inter-country and within country [longitudinal] comparisons less 

meaningful). 
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Table 3.6. Costs per person with MS in Australia and other nations 

 2006 Estimates  2017 Estimates  

Country 
Direct 

Costs 

Indirect 

Costs 

Total 

Costs 

Direct 

Costs 

Indirect 

Costs 

Total 

Costs 

Australia N/A N/A N/A $43,833 $24,549 $68,382 

Austria 8,25 $54,477 $31,126 $85,600 $53,906 $21,850 $75,736 

Belgium 12,15 $43,958 $24,450 $68,408 $48,292 $28,827 $77,112 

CzechRepublic14 N/A N/A N/A $25,763 $12,602 $38,356 

Denmark30 N/A N/A N/A $34,846 $22,840 $57,650 

France27 N/A N/A N/A $41,055 $15,806 $56,803 

Germany13,19 $50,174 $36,752 $86,925 $49,274 $27,060 $76,317 

Hungary29 N/A N/A N/A $35,424 $16,478 $51,902 

Italy6,18 $63,102 $25,919 $89,021 $52,094 $13,411 $65,486 

Netherlands17,34 $33,036 $27,917 $60,952 $34,327 $29,466 $63,838 

Poland32 N/A N/A N/A $33,800 $13,086 $46,882 

Portugal31 N/A N/A N/A $39,744 $15,690 $55,461 

Russia9 N/A N/A N/A $35,782 $10,194 $45,966 

Spain22,28 $61,166 $21,746 $82,909 $55,663 $20,569 $76,250 

Sweden7,10 $67,361 $31,696 $99,056 $58,311 $22,492 $80,806 

Switzerland11,21 $47,656 $29,256 $76,909 $36,933 $18,251 $55,187 

UnitedKingdom24,3

3 
$49,533 $28,966 $78,588 $32,644 $20,845 $53,432 

Overall Average $52,274 $28,647 $80,930 $41,741 19,342 $61,074 

Note: All costs are reported in 2017 Australian dollars, NA= not available, MS = Multiple 

Sclerosis 

To provide a context for MS, a comparison of costs associated with other diseases in the 

Australian setting was also performed (Table 3.7). The annual per person costs of MS are 

comparable to those of a person with Parkinson’s disease, or the first year following a stroke.63, 

64 Costs of MS in Australia are lower than motor neuron disease65 and dementia66 and higher 

than hemochromatosis, obesity/overweight, depression/anxiety, and various diabetes related 

conditions, with Type 2 Diabetes costing less than one third of the per person MS costs. 67-71 

Once again, differences in the costs could be due to a multitude of factors (e.g.: covered 

categories of costs, methodological approaches, and sample characteristics) that differ between 

studies, so need to be interpreted with caution. 

A strength of this study is that it captured detailed information on a variety of cost items from 

a large representative sample of people with MS, and provided a comprehensive contemporary 

analysis of the societal costs of MS in Australia. The use of a cost diary that needed to be 

completed every day minimised the potential for recall bias (a frequently cited concern as 

people tend to forget what occurred in the weeks or months previously).39
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Table 3.7. Comparing the costs of MS and other diseases in Australia 

Disease Cost categories 
Total 

costs 

Multiple Sclerosis Direct (healthcare + non-healthcare) and Indirect $68,382 

Motor Neuron Disease 65  Direct (healthcare + non-healthcare) and Indirect $151,913 

Dementia 66  Direct (healthcare + non-healthcare) $89,740 

Parkinson’s disease 63 Direct (healthcare + non-healthcare) and Indirect $79,107 

Stroke first year 64 Direct (healthcare + non-healthcare) and Indirect $55, 272 

Type 2 Diabetes 68 Direct (healthcare + non-healthcare) and government 

subsidies 

$21,888 

Diabetes no symptoms 68 Direct (healthcare + non-healthcare) and government 

subsidies 

$12,143 

Hemochromatosis 

(severe) 70 

Direct (healthcare + non-healthcare) and Indirect $10,435 

Obesity (BMI 30−34.9 

kg/m2) 71 

Direct (healthcare + non-healthcare) and indirect 

(government subsidies) 

$9,181 

Overweight 71 Direct (healthcare + non-healthcare) and indirect 

(government subsidies) 

$6,349 

Depression/anxiety 69 Direct (healthcare + non-healthcare) and Indirect $4,977 

Diabetic renal failure 

subsequent years 67 

Direct healthcare costs $54,803 

Diabetic renal failure 

first year 67 

Direct healthcare costs $34,252 

Diabetes-related chronic 

leg ulcer first year 67 

Direct healthcare costs $18,420 

Note: All costs are reported in 2017 Australian dollars, MS = Multiple sclerosis.  

In addition, the provision of a comprehensive list of items within each section of the cost diary 

reminded people of smaller cost items that otherwise may have been forgotten/overlooked. 

This is the first time that transport costs and costs from lost productivity (absenteeism + 

presenteeism) have been accounted for, which provides a more comprehensive estimate of 

costs compared to the previous COI analyses in Australia. Additionally, in this paper, for the 

first time in Australia, we broke down prescription medication, special equipment, and lost 

wages/productivity costs into more than one sub-category. Finally, contrary to the previous 

studies,3, 45 we created a separate category for people with no disability as people with mild 

disability and no disability can be meaningfully different. A significant (>$25,000) difference 

in mean costs between the two groups confirmed that no disability and mild disability people 

should not be combined. 

A possible limitation is that our analysis did not include intangible costs (such as the costs of 

pain, grief and suffering) associated with MS, however these are captured elsewhere by 



Chapter 3 

106 

measuring their impact on quality of life/health state utility values.5 In addition, our estimates 

of nursing home costs can be relatively uncertain as they are based on ‘top-down’ costing 

approach. Finally, no direct clinical measures of disability levels were included in the survey, 

so our disability categorization was based on EDSS equivalents i.e., the self-reported PDDS 

scores. 

Previous research has shown heat intolerance as an important medical problem facing people 

with MS, resulting in significantly higher cooling costs by these individuals compared to the 

average Australian household. Such costs may include the costs of buying and running air 

conditioners/fans of people with MS, costs of cooling garments/products and those related to 

improving the thermal efficiency of their homes. Whilst our study has captured most of these 

costs (e.g., costs of purchasing air conditioners and fans, costs of purchasing and installing 

blinds, and home insulation costs [Supplement 2]); costs of electricity to run air conditioners 

and fans of people with MS were not included. Notably, the climate of Australia has warmed 

by about 1.4 °C since 1910 and is projected to continue to get warmer, leading to increasing 

number of hot days and nights over time,72 with the subsequent increasingly higher costs of 

keeping people with MS cool. A comprehensive coverage of keeping cool costs in the future 

COI studies of Australians with MS (particularly, of those living in hotter areas of Australia 

[e.g., QLD, WA, NT, NSW, and SA]) will therefore be important to the detailed and 

comprehensive COI analyses of MS, and to understand more fully the economic impact of 

climate change on Australians living with MS. 

In conclusion, the study provides an evidence based, holistic and rigorous platform to raise 

awareness and increase advocacy regarding the increasing costs of MS (particularly as disease 

severity increases). Per person costs of MS are largely driven by increased direct costs of 

DMTs, hospitalizations, consultations, and laboratory, and offset by decreased costs of lost 

wages. Over half of the increase in total costs for all people with MS in Australia is attributable 

to the increase in prevalence over time. Our direct comparison of MS-related costs with the 

previous Australian evidence demonstrates how the cost landscape has changed for people 

with MS. Our current economic data on MS are important for policy development, priority 

setting and public health management, particularly, in this new era of increased access to 

higher efficacy DMTs, early MS diagnosis, and improved management of MS. 
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3.8 Supplements 

Supplement 3A: The publication of “Chapter 3: The increasing economic burden of 

multiple sclerosis by disability severity in Australia in 2017: results from updated and 

detailed data on types of costs” 
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Supplement 3.1. Medications included in the 2017 Cost Diary  

Prescription Medications (DMTs) 

Aubagio (Teriflunomide), Avonex (Interferon Beta‐1a), Betaferon (Interferon Beta‐2b), 

Copaxone (Glatiramer acetate; sub‐cutaneous injection, every day), Copaxone (Glatiramer 

acetate; sub‐cutaneous injection, every 3 days), Gilenya (Fingolimod), Lemtrada 

(Alemtuzumab; intravenous infusion, two courses one year apart), Mitoxantrone (Novantrone; 

intravenous infusion, once every 3 months for up to 3 years), Plegridy (Pegylated Interferon 

Beta‐1a), Rebif (Interferon Beta‐1a; subcutaneous injection, 3 times per week), Tecfidera 

(Dimethyl fumerate [DMF]; oral capsule, twice daily), and Tysabri (Natalizumab; intravenous 

infusion, every 28 days) 

Prescription Medications (Symptom-specific and others) 

Amoxycillin, Augmentin, Antenex, Baclofen, Biotin, Botox, Codalgin Forte, Cialis, 

Cymbalta, Dantrium, Ditropan, Ducene, Endep, Fampyra, Hiprex, Imuran, Keflex, Lioresal, 

Lyrica, Macrodantin, Methoblastin, Naltrexone, Neurontin, Norspan, Oxybutinin,Oxytrol 

Patches, Panadeine Forte, Panafcort/Sone, Panafcortelone/Solone, Panamax Co, Paxam, Pro‐

Banthine, Prodeine Forte, Rivotril, Sativex, Symmetrel, Tegretol, Thyroxine, Tofranil, 

Tramal, Valium, Valpam, Vesicare, Zoloft, Zydol, and others.  

Non-prescription medication and other products 

Actilax, Adipex, Adrenotone, Advacal, Aerius, Alendronate, Aspirin, Barberry Tea, 

Benefibre, Betadine, Bio Magnesium, Calamine Lotion, Calcium, Caltrate, Cardiprin, Cenovis 

Mens/Womens Multivitamin, Claratyne, Cod Liver Oil, Coenzyme Q10, Coloxyl, Consti-Eze, 

Curcumin, Disprin Max, Dry Mouth Relief Mouthwash, Ducolax, Duro-Tuss Forte, Ellura 

Caps, Evening Primrose Oil, Fero Gradumet, Fish 0il, Flax Seed Oil, Folic Acid, Garlic 

Vitamins, Gastro-Ease, Gelatine Capsules, Ginkgo Biloba, Glucosamine, Glycerin 

Suppositories, Heron Gold, Ibuprofen, Inner Health Plus, Iron Tablets, Joint Restore, Krill Oil, 

Liver Tonic, Linseed Meal, Macu-Vision, Magnesium, Mega B Complex, Metamucil, Milk 

Thistle, Multi & Vision Supplement, Nurofen, Nuromol, Nexium, Omega 3, Panadeine, 

Panadol, Panamax, Paracetamol, Paracodeine, Poly Visc, Potassium, Probiotics, Remifemin, 

Sorbolene, Sudafed, Paracetamol, Vitamin D, Systane Balance Eyedrops, Sustagen, Swabs, 

Tea Tree Spray, Thiamin, Turmeric, Ubiquinol, Ural Sachets, Ventolin, Viclofen, Vitamins 

(Various), Voltaren, and others 
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Supplement 3.2. Cost Items included in 2016 Cost Diary (other than medications)  

 

Disposable equipment and continence items 

Catheters and Accessories, Container(Various), Diapers, Pads, Liners, Pants, Protectors 

(Mattress/Chair), Urine Bags/Bottles, Drainage Bags, Dressing Packs, Enema Kits, Gloves, 

Lubricants, Sterilising And Cleaning Products, Suppositories, Wipes, Other 

Health professional services (other than nurses) 

Acupuncturist, Chiropractor, Clinical Psychologist, Consultant/Rehab Physician, 

Continence Advisor, Counsellor/Outreach Worker, Dentist, Dietician/Nutritionist, General 

Practitioner(GP), Massage Therapist, Meditation Teacher, Myotherapist, Naturopath, 

Neurologist, Neuropsychologist, Occupational Therapist, Ophthalmologist, Optometrist, 

Osteopath, Physiotherapist, Pilates Teacher, Podiatrist, Psychiatrist, Reflexologist, Social 

Worker, Tai Chi Teacher, Urologist, Yoga Teacher, Other 

Nursing services 

DMT Nurse from Pharmaceutical Company, DMT Or Community Nurse From MS Society, 

DMT Or Community Nurse From MS Hospital Or Clinic, Mental Health Nurse, Other 

Community Or Private Nursing. 

Community and private services-other than nurses 

Community Pool (Including Classes), Hydrotherapy (Including Classes), Household Duties 

(Including Homecare Assistance For Ironing, Cleaning And Cooking), Gardening 

(Including Lawn Mowing, Garden Maintenance, Tree Lopping), House Repairs And 

Maintenance( Including Handy-Men, Painters, Electricians, Plumbers, Builders And 

Labourers), Gym (Including Membership And Classes), Personal Assistance (Shopping, 

Paying Bills, Household Duties, Travel Assistance, Hair Dressing, Dressing), Day Centre, 

Other 

Medical tests 

Blood Test-Full Blood Count, Blood Test-Vitamin D, Blood Test-Other Tests, CT(“CAT”) 

Scan, EEG (Electroencephalogram), Eye/Optical, Liver Function Test, MRI, Nerve 

Conduction Studies, Thyroid and Free T4 Tests, Ultrasound, Urine Test (Microscopy & 

Culture), Urodynamic (Bladder Function), X-Rays, Other 

Hospital stay/ rehabilitation stay/ nursing home visit/ respite care stay/ hospital in the 

home 

Special equipment hiring 

Walker with Seat, Adjustable Chair, Bed, Bed Hoist, Bed Rail, Commode Chair, Electric 

Road Scooter, Gopher, Hospital Bed, Monitored Alarm System, Shower Chair, Walking 

Frame, Wheelchair, Zimmer Frame.  

Special equipment purchase (mobility purchases) 

Braces, Supports, Splints and Inserts, Crutches, Equipment Accessories (Batteries, Tyres), 

Exercise Accessories (Bikes, Treadmills, Weight), Orthotics/ Specialist Footwear, Pick Up 

Or Reaching Aids, Scooter, Scooter-Repairs And Maintenance, Walking Frames, Walking 

Stick, Wheelchair, Wheelchair-Cushion, Wheelchair-Repairs, Maintenance, Modifications, 

Others 

Continued onto next page……. 
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Supplemental Table 3.2 continued…….  

Special equipment purchase (visual aids) 

Glasses, Spectacles, Contact Lenses, Magnifiers, Special Lights, Sunglasses, Others 

Special equipment purchase (communications) 

Computer or Laptop, Computer-Accessories, Computer-Specialist Software, Device 

Repairs, Hearing Aids, Intercom, Phone, Phone Accessories, Safety Monitoring, Alarms, 

Pagers, Others 

Special equipment purchase (bathroom) 

Bath Board or Seat, Electric Toothbrush, Grab Rails, Hand-Held Shower Hose, Non-Slip 

Mats or Tiles, Shower Chair, Stool Or Commode, Taps/Special Tap Handles, Toilet 

Surround or Commode, Others 

Special equipment purchase (kitchen) 

Assistance Equipment (Jar/ Can Openers), Chairs, Non-Slip Items, Specialised Appliance, 

Specialised Cooking Tools, Specialised Crockery, Specialised Cutlery, Others 

Special equipment purchase (bedroom) 

Bed, Bedding-Blankets, Sheets, Underlays, Hoists, Over-Bed Aid or Pole, Pressure Or 

Support Mattress, Pressure Or Support Pillow Or Cushion, Others 

Special equipment purchase (general) 

Clothing-Medical Stockings, Clothing-Temperature Control, Cooling Equipment (Fans, 

Portable Air Conditioners) Furniture-Other, General Equipment Repairs, Heating 

Equipment, Rugs/Mats, Symptom Management Equipment (Massage Items, TENS 

Machines), Trolley, Others 

Housing related cost (housing costs more than $5,000) 

Purchase of More Suitable House, Sale Of Previous House, Fees Charged For 

Purchase/Sale, Major Alterations, Others 

Housing related cost (housing costs under $5,000) 

Air Conditioning/ Fans/Heating, Automatic Gates/ Garages, Blinds, Insulation, Minor 

Structural Changes, Non-Slip Items, Railing, Other 

Alteration to Cars 

Alterations to Car Controls, Car Accessories (E.G. Shades, Tinting, Covers), Car Purchase 

Or Upgrade, Car Sales, Easy Loader/ Hoist, Others 

Transport costs 

Private Car, Patient Transport, Public Transport, Taxis 
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Supplement 3.3. The Approximate EDSS equivalents of the Patient Determined Disease 

Steps (PDDS)  

Patient Determined Disease Steps (Description) 

Approximate 

EDSS 

Equivalent 

Broad 

Disability 

Category 

Sample 

Size 

per 

group* 

0 (I may have some mild symptoms, mostly sensory, 

due to MS but they do not limit my activity or 

lifestyle) 0 

No 

Disability 103 

1 (I have some noticeable symptoms from my MS, 

but they are minor and have only a small effect on 

my lifestyle) 

1 

Mild 

Disability  
122 

2 (don't have any limitations in my walking ability. 

However, I do have problems due to MS that limit 

daily activities in other ways) 

2-3.5 

3 (MS does interfere with my activities, especially 

walking. I can work a full day, but athletic or 

physically demanding activities are more difficult 

than they used to be. I usually don’t need to use a 

walking stick (cane) or other walking aid, but I might 

during an MS attack) 

4-5 

Moderate 

Disability 
173 

4 (I can walk about 8 meters (or 25 feet) without 

using a walking stick (cane) or other walking aid 

such as a splint, brace, or crutch, but I may use a 

walking aid for greater distances) 

6 

5 (To be able to walk 8 meters (or 25 feet), I have to 

have a walking stick (cane), a single crutch, or 

someone to hold onto. I can get around the house by 

holding onto furniture or touching the walls for 

support. I may use a scooter or wheelchair for greater 

distances) 

6 

6 (To walk 8 meters (or 25 feet), I must have two 

walking sticks (canes), two crutches, or a walking 

frame (walker). I may use a scooter or wheelchair for 

greater distances) 

6.5 

Severe 

Disability 
88 

7 (My main form of mobility is a wheelchair. I may 

be able to stand and/or take one or two steps, but I 

can’t walk 8 meters (or 25 feet), even with crutches 

or a walking frame) 

7 

8 (I am unable to sit in a wheelchair for more than 1 

hour, and I spend most of my time in bed) 

8-9.5 
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Supplement 3.4 

Costing Approach 

In order to estimate the costs, a ‘top–down’ or ‘bottom up’ approach may be adopted. The 

‘top–down’ approach entails measurement of health service utilisation and expenditure using 

aggregate figures related to diagnoses codes from databases, national statistics and registries. 

The advantage of this approach is that it can be used for a variety of diseases facilitating 

comparisons. A drawback is that it may be limited by the availability of the required 

information on specific components within cost categories. The ‘bottom up’ approach requires 

the data collection from a sample of the population with a health condition and extrapolating 

to the entire population with the condition. The advantage of this approach is that it can provide 

a greater level of detail of the cost components than is available from the top down approach. 

As the EIS 2016 provided detailed information on a variety of cost items from a large 

representative sample of people with MS, our study relied primarily on the ‘bottom-up’ costing 

approach (supplemented by a ‘top-down’ approach where patient level data were unavailable) 

to estimate the costs of MS. 

Calculation of the average co-payment for MS specific medications  

The average co-payment amount of $8.9 (= [38.80 x 8%] + [6.30 x 92%]) was based on the 

June 2017 general co-payment of $38.80 and concessional co-payment of $6.30, and the 2016-

17 Pharmaceutical Benefit Schedule’s expenditure and prescription data,72 suggesting that 

92% Australians made concessional co-payments between July 2016 and June 2017.  

Calculation of the nursing home costs for people with MS  

The annual nursing home costs were estimated indirectly at $6,343 using information from 

other sources.  The Australian Bureau of Statistics Survey of Disability, Aging and Carers 

2009 (4430.0) estimates the proportion of people with MS who reside in nursing homes is 

5.66%. We applied the Australian Institute of Health and Welfare estimate of accommodation 

support of $109,715 per person (for 2015-16)50 and inflated the costs to 2017 levels (using the 

average health inflation factor of 2.15% between 2005/06 and 2015/16) 60  to reach to an 

estimated mean annual nursing home cost of $6,343 (= 109,715 x 0.0566 x 1.0215).  

Calculation of the indirect costs from lost wages and informal care costs 
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Informal care costs were assessed directly from the reported changes in average weekly 

earnings of the carers due to care provision to a person with MS. In cases where the average 

weekly earnings were missing but the number of work hours lost due to care provision was 

available, an average hourly wage rate (of $33)52 was multiplied with the number of work 

hours lost. The respondents reported their Australian and New Zealand Standard Classification 

of Occupations (ANZSCO) occupation category (i.e.: Manager, Professional, Technician or 

Trade Worker, Community or Personal Service Worker, Clerical and Administrative Workers, 

Sales Workers, Machinery Operator or Driver, Labourer). They were asked to indicate if they 

had left employment due to their MS. The respondents also reported any changes to their pre- 

and post-MS-onset employment status (e.g. full-time, part-time) and occupation groups. This 

allowed us to break down the costs from lost wages into 3 sub-categories: 1), indirect costs 

form lost wages due to early retirement; 2) indirect costs form lost wages due to employment 

status change; and 3) indirect costs from lost wages due to occupation change. A wage was 

attributed to each participant pre and post-MS-onset using the average wage by occupation 

and sex from the ABS Employee Earnings and Hours (Cat No. 6306.0)52. In cases where the 

occupation category of respondents was missing but the number of work hours pre and post-

MS symptoms was available, an average hourly wage rate (of $33) was used.52 Because the 

informal care costs and indirect costs from lost wages were based on 2016 income estimates, 

we inflated these costs to 2017 levels using an annual wage inflation factor of 2% for the year 

2017.54  

Calculation of the costs from lost productivity  

Lost productive days due to absenteeism were captured by the number of days respondents 

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%). 

We expressed the outcomes in percentages (percent productive time lost due to 

absenteeism/presenteeism divided by the total number of days the person should have worked 

in the past 4 weeks). Costs from absenteeism and presenteeism were calculated by multiplying 

the percent productive time lost by the average weekly income of the respondents (taken from 

EIS 2016 data). Annual total work productivity loss was obtained by adding the annualised 

costs from absenteeism and presenteeism together. 
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Australian Remoteness Areas 

We used 2016 postcodes of participants to create the level of remoteness based on the 

Australian Statistical Geography Standard (ASGS) Remoteness Structure of Remoteness 

Areas from the Australian Bureau of Statistics.56 Remoteness Areas divide Australia into five 

classes of remoteness based on a measure of relative access to services: Major Capital Cities, 

Inner Regional Australia, Outer Regional Australia, Remote Australia and Very Remote 

Australia.56 

Modified Park Test 

We used the Modified Park test to determine family distribution for GLM. The Modified Park 

test (MPT) is conducted after running a GLM (in which we use the log link and the gamma 

distribution). We computed the expected value (mean) for each observation, conditional on 

the covariates. We computed the squared error (variance) for each observation. The regression 

of the logarithm of the squared error on the expected value provided the test. One should use 

the Gaussian distribution in the GLM when the coefficient on the expected value is close to 

0.0 because the variance is unrelated to the mean. One should use a Poisson-type distribution, 

the Gamma distribution, or the inverse-Gaussian distribution when the coefficient is close to 

1.0, close to 2.0, or close to 3.0, respectively. 

Transport costs 

The participants were asked to report any travel related costs due to their MS, over the 6-month 

period of the cost diary. Transport costs represented costs associated with the use of private 

car, patient transport, public transport, taxis, and car parking fees by people with MS in relation 

to their disease. This may include the fact that a participant cannot walk too far and require 

close parking or taxis for everyday activities where free parking or public transport would 

otherwise be unavailable, or it may be costs incurred due to MS related appointments such as 

medical appointments, group sessions (such as MS Societies), or exercise sessions. 
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Supplement 3.5. Costs of MS by disability severity - per person with MS ($ 2017)* 

Cost Category No Disability Mild Disability No/Mild Disability Moderate Disability Severe Disability Overall 

 
(n=103) (n=122) (n=225) (n=173) (n=88) (n=488)** 

Direct costs – personal $2,729 $5,317 $4,132 $9,765 $16,995 $8,437 

Direct costs – community / government $19,783 $23,325 $21,704 $22,987 $20,820 $21,911 

Direct costs – total $22,513 $28,642 $25,836 $32,744 $37,815 $30,346 

Nursing home and equivalent costs $0 $0 $0 $0 $35,175 $6,343 

Informal care costs  $0 $3,441 $1,866 $10,494 $14,214 $7,144 

Indirect costs from lost wages-early 

retirement $2,068 $9,456 $6,074 $18,646 $22,500 $13,468 

Indirect costs from lost wages-employment 

status change $2,667 $6,181 $4,572 $8,215 $2,150 $5,408 

Indirect costs from lost wages-occupation 

change $1,500 $5,002 $3,399 $3,210 $1,539 $2,982 

Indirect costs from lost wages-overall  
$6,235 $20,638 $14,044 $30,071 $26,188 $21,858 

Indirect costs from lost productivity-

absenteeism  
$497 $334 $409 $599 $447 $482 

Indirect costs from lost productivity-

presenteeism 
$1,317 $2,759 $2,099 $3,007 $973 $2,209 

Indirect costs from lost productivity-

overall  
$1,814 $3,093 $2,508 $3,606 $1,421 $2,691 

Total Costs  $30,561 $55,815 $44,254 $76,916 $114,813 $68,382 

MS = Multiple Sclerosis, No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/mild includes EDSS levels 0-3.5, Moderate includes 4 – 6, and Severe 

includes levels 6.5 – 9.5. *All costs are reported in 2017 Australian dollars;  **Disability severity were not stated for 2 respondents 
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Supplement 3.6. Direct costs - by cost category and disability severity - per person with MS (AUD 2017)* 

Cost Category 
No Disability 

(n=103) 

Mild Disability 

(n=122)  

No/Mild 

Disability 

(n=225) 

Moderate 

Disability 

(n=173) 

Severe 

Disability 

(n=88) 

Overall 

(n=488)** 

 
      

Prescription medication_DMTs $17,432 $17,429 $17,430 $17,130 $9,828 $15,882 

Prescription medication_symptom specific $39 $279 $169 $619 $1,260 $524 

Prescription medication_others  $50 $134 $95 $552 $427 $317 

Prescription medication_overall  $17,521 $17,842 $17,695 $18,301 $11,515 $16,723 

Non-prescription medication $202 $255 $231 $464 $418 $347 

Disposable equipment $20 $66 $45 $379 $1,685 $460 

Health professionals $1,414 $1,788 $1,617 $2,632 $3,344 $2,282 

Nursing services $353 $630 $503 $668 $727 $600 

Community and private services $337 $1,036 $716 $1,892 $5,789 $2,045 

Medical tests $739 $971 $865 $814 $633 $801 

Hospital stays $1,084 $3,782 $2,547 $2,068 $3,037 $2,455 

Special equipment -MOBILITY $17 $52 $36 $397 $1,272 $390 

Special equipment -VISUAL AIDS $26 $42 $35 $81 $82 $59 

Special equipment -COMMUNICATIONS $33 $44 $39 $110 $209 $95 

Special equipment -BATHROOM $7 $34 $22 $66 $211 $72 

Special equipment -KITCHEN $5 $2 $4 $39 $48 $24 

Special equipment -BEDROOM $10 $94 $56 $110 $280 $115 

Special equipment -GENERAL $19 $47 $34 $112 $174 $87 

Special equipment-Hire  $3 $3 $3 $4 $79 $17 

Special equipment-OVERALL $122 $319 $229 $918 $2,356 $860 

Alterations to home $355 $1,252 $841 $2,765 $4,768 $2,228 

Alterations to car $59 $205 $138 $835 $1,258 $586 

Alterations to car/home $414 $1,456 $979 $3,600 $6,026 $2,814 

Transport Costs  $307 $497 $410 $1,010 $2,285 $959 

Total Costs  $22,513 $28,642 $25,836 $32,744 $37,815 $30,346 

MS = Multiple sclerosis, No disability includes EDSS level 0, Mild includes EDSS levels 1–3.5, No/mild includes EDSS levels 0-3.5, Moderate includes 4–6, and Severe includes 

levels 6.5–9.5. *All costs are reported in 2017 Australian Dollars. ** **Disability severity were not stated for 2 respondents 
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Chapter 4: Measuring the health-related quality of 

life in Australians with Multiple Sclerosis using the 

Assessment of Quality of Life-8-Dimension (AQoL-

8D) multi-attribute utility instrument 

4.1 Preface 

Chapter 4 presents Study 2 of this thesis which investigated health state utility values (HSUVs) 

and the unique composite individual and super dimensional (physical and psychosocial) scores 

in a large, representative sample (n=1,577) of Australians with MS using a detailed and 

sensitive (AQoL-8D) instrument. The estimates were compared to Australian general 

population norms and broken down by disability severity. Notably, most previous analyses 

have grouped no and mild disability together as one group. We have shown that there are 

important differences between these groups and should be reported separately.  

The text in this chapter has been published in Multiple Sclerosis and Related Disorders journal 

(Ahmad, Hasnat, et al. "Measuring the health-related quality of life in Australians with 

multiple sclerosis using the assessment of quality of life-8-dimension (AQoL-8D) multi-

attribute utility instrument." Multiple Sclerosis and Related Disorders 44 (2020): 102358) 

(Supplement 4A). It is also advised that this chapter was partially the subject of Chapter 4 of 

the non-peer reviewed and publicly available burden of illness study, targeted to a broader 

non-academic audience, and prepared for MS Research Australia. The report titled ‘Health 

Economic Impact of Multiple Sclerosis in Australia in 2017’ is downloadable from the below 

link: 

https://msra.org.au/wp-content/uploads/2018/08/health-economic-impact-of-ms-in-australia-

in-2017_ms-research-australia_web.pdf.  

The material presented in this chapter is different from Chapter 4 of the report, in terms of its 

key focus, included tables, figures and supplements. It summarizes the material from a much 

longer report that makes it more accessible to the formal academic readership. It also covers 

additional analyses, including the multivariable modelling to adjust for confounding. Now, we 

have age and sex standardized the Australian population norm scores to our respondents to 

https://msra.org.au/wp-content/uploads/2018/08/health-economic-impact-of-ms-in-australia-in-2017_ms-research-australia_web.pdf
https://msra.org.au/wp-content/uploads/2018/08/health-economic-impact-of-ms-in-australia-in-2017_ms-research-australia_web.pdf
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make a more meaningful HRQoL comparison. The discussion section of the paper has been 

rewritten to suite an academic audience, and it is much more focused and comprehensive.  

4.2 Abstract 

Background: Health-related quality of life (HRQoL) has not been assessed in Australians 

with multiple sclerosis (MS) using a preferentially sensitive multi-attribute utility instrument. 

Objectives: To assess HRQoL and to quantify the impact of disability on health state utility 

values (HSUVs), and the physical and psychosocial health of people with MS using the 

Assessment of Quality of Life-8-Dimension (AQoL-8D) instrument. 

Methods: We estimated HSUVs and the unique composite individual and super dimensional 

(physical and psychosocial) scores of the AQoL-8D for a large, representative sample 

(n=1,577) of Australians with MS. The estimates were compared to Australian general 

population norms and broken down by disability severity, classified as no disability (Expanded 

Disability Status Scale [EDSS] level:0), mild (EDSS:1–3.5), moderate (EDSS:4–6) and severe 

(EDSS:6.5–9.5). A multivariable regression model adjusted the association between MS 

disability severity and HSUVs for age, sex, MS onset type, DMTs usage status, and MS 

duration. 

Results: Mean overall HSUV at 0.61 (95% confidence interval [CI]: 0.60–0.62) was 0.18 units 

lower than the Australian population norm. HSUV decreased with increasing disability 

severity: 0.81 (95%CI: 0.80–0.83), 0.65 (95%CI: 0.63–0.67), 0.54 (95%CI: 0.52–0.56) and 

0.48 (95%CI: 0.46–0.50) for no, mild, moderate and severe disability, respectively. The mean 

Physical super-dimension score of 0.57 (95%CI: 56–0.58) was 0.21 units lower than the 

Australian norm and the Psychosocial super-dimension of 0.33(95%CI:32–0.34) was 0.16 

units lower. Lower HRQoL was primarily driven by reduced scores on Independent living (-

0.23), Pain (-0.15), Relationships (-0.13), Coping (-0.12), and Self-worth (-0.12). 

Conclusions: MS impacts all aspects of HRQoL. Effective pain management and support to 

maintain independent living, relationships, and self-worth can significantly improve the 

HRQoL of people with MS. Early diagnosis and affordable access to effective treatments to 

slow or prevent disability accumulation may also be helpful.  
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4.3 Background  

Multiple sclerosis (MS) is a complex autoimmune/neurodegenerative disease in which the 

myelin sheath covering nerve fibres in the central nervous system (brain, optic nerves and 

spinal cord) is damaged, leading to increasing disability over time due to impairment of many 

neurological parameters including cognitive, motor and sensory functions1. MS has a 

substantial effect on health and wellbeing, as it affects both physical and psychosocial aspects 

of the life,2 with consequent reduction in health-related quality of life (HRQoL).3 

Health state utility values (HSUVs) are used globally to reflect HRQoL, and also to calculate 

quality adjusted life years (QALYs) − a measure taking into account both the length and the 

quality of life.4 HSUVs measure the strength of preference for a particular health state, usually 

represented as a number between 0 and 1 (zero = death; one = perfect health). Multi-attribute 

utility instruments (MAUIs) such as the EuroQoL-5-Dimension (EQ-5D-5L or 3L), Short-

Form-6-Dimension (SF-6D), Health Utilities Index Mark 3 (HUI3) and the Assessment of 

Quality of Life-8-Dimension (AQoL–8D) and others can be used to measure HSUVs.5 Whilst 

MAUIs are far from identical,4 the AQoL–8D builds on other MAUIs and is equipped with a 

preferential sensitivity for capturing and assessing the complex physical and psychosocial 

health aspects that are relatively neglected, particularly for people with chronic diseases.5-7 For 

instance, there is only one item describing mental wellbeing5 (an important determinant of 

psychosocial health) in each of the three commonly used MAUIs (EQ-5D, SF-6D and HUI3) 

and only SF-6D has a dimension relating to social function. The AQoL-8D addresses the 

limited description of mental health and social function in these instruments by introducing a 

broader descriptive system that incorporates 8 mental health-related items (i.e.: ‘depression’, 

‘sleep’, ‘anger’, ‘self-harm’, ‘despair,’ ‘worry’, ‘sadness’ and ‘calm’) and 6 social function-

related items (Figure 4.1 and Supplement 4.1). Furthermore, energy/tiredness, sexual 

functioning, communication and sleep are important, however, all these items are missing 

from the EQ-5D and are only partly covered by the SF-6D. The AQoL-8D’s comprehensive 

classification system and algorithm enables the capture and assessment of billions of separate 

health states (2.4×1023) compared to, for example, the EQ-5D-3L and EQ-5D-5L that only 

measure 243 and 3,125 separate health states, respectively (Supplement 4.1).7 

HRQoL impacts of MS have been well-researched in Europe and other parts of the word using 

a wide range of client-reported, generic, and disease specific MAUIs.8-16 While a few studies 

have attempted to investigate the impact of MS on HRQoL measures in an Australian 
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setting,17-19 these studies were based on data that were more than a decade old. None of these 

studies performed the measurement of HSUVs using a preferentially sensitive MAUI. The 

only study that quantified the HSUVs of Australians with MS was based on an indirect 

(judgement-based) method to convert WHOQOL-100 responses to HSUVs, and was unable 

to fully account for the physical and psychosocial health aspects of people with MS.19 

Figure 4.1. The AQoL-8D structure: Items, individual dimensions and super dimensions 
 

 
Super Dimensions  Dimensions  Items 

 

 

Source: Richardson J, Iezzi A, Khan MA, et al. Validity and reliability of the Assessment of Quality of Life (AQoL)-8D multi-attribute utility 

instrument. The Patient-Patient-Centered Outcomes Research 2014; 7: 85-96 
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Furthermore, the HSUVs of people with MS are likely to have changed over time, especially 

given the current era of increased access to new generation higher efficacy disease modifying 

therapies (DMTs) and patient-centric approaches to the management of MS.20 The updated 

HRQoL analysis of MS in Australia is therefore timely. Our study employs the AQoL-8D to 

assess HRQoL (HSUVs and the unique composite ‘super dimension’ and ‘individual 

dimension’ scores [between 0 and 1]) in a recent representative sample of Australians with 

MS, and to identify the key health domains that drive the overall HSUVs for our sample.5,7 

Further, we analysed HRQoL estimates by disability severity to evaluate the relationship 

between disability and HRQoL. 

4.4 Materials and Methods  

4.4.1 Study Design  

The Australian Multiple Sclerosis Longitudinal Study (AMSLS) is a large national 

representative sample of Australian people with MS.21 Australian residents, minimum 18 years 

of age with a diagnosis of MS are eligible to join. The AMSLS sample is highly representative 

of Australians with MS.21 In April 2016, there were 3,163 active AMSLS participants who 

were invited to report their AQoL-8D profiles as part of the Economic Impact Survey (EIS) 

2016 of the AMSLS, with N=1,577 (49.9%) participants responding (1,112 online, and 465 

paper-based). The survey captured data on participants’ clinical and sociodemographic 

characteristics including their age, sex, state/territory of residence, MS type, DMT usage, and 

MS duration since diagnosis.  

4.4.2 Measurement of Health-Related Quality of Life (HRQoL)  

The AQoL-8D comprises 35 items (or questions) that load to three individual dimensions 

(Independent Living, Senses, and Pain) of physical and five (Mental Health, Self-worth, 

Relationships, Coping and Happiness) of psychosocial health (Figure 4.1).6 We combined the 

individual dimension scores according to the AQoL-8D’s sophisticated algorithm to generate 

two ‘weighted’ super dimensions of physical and psychosocial health, and HSUVs (between 

0 and 1) for our sample.6  

4.4.3 Disability Measurement  

Disability was measured using the Patient-Determined Disease Steps Scale (PDDS), a 

validated patient-reported outcome of mobility-based functional disability in MS that 
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correlates highly with the gold-standard Expanded Disability Status Scale (EDSS).10,22-26 

Following other studies in the field,10,17-19,27 we obtained the EDSS equivalents of the PDDS 

scores and classified our sample into the disability categories of no disability (EDSS level: 0), 

mild disability (EDSS 1–3.5), moderate disability (EDSS 4–6) and severe disability (EDSS 

6.5–9.5) (Supplement 4.2).  

4.4.4 Statistical analyses  

We used descriptive analysis to quantitatively summarize the respondents’ clinical and 

sociodemographic characteristics. To statistically confirm the representativeness of our 

sample, we compared the characteristics of respondents with non-respondents using t-test (for 

continuous variables) and χ2-test (for categorical variables). We further compared the 

characteristics of respondents who completed the paper-based survey with those completing 

the online survey using the similar procedure. We then determined the mean HRQoL (HSUVs, 

individual and super dimensions scores) of the overall sample and four disability severity sub-

samples and compared our overall HRQoL estimates with Australian population norm scores28 

that were age and sex standardised to our respondents (Supplement 4.3).  

We performed a multivariable linear regression of HSUVs on disability severity (no, mild, 

moderate, and severe) and a set of potentially confounding variables including, age (<35 years, 

35-44, 45-54, 55-64, and 65+) and additional categorical variables on binary cut-points for 

disease duration were based on variable medians such as MS duration (>13.0 years=1, and 0 

otherwise), as well as other binary variables including sex (1=female and 0=male), MS onset 

type (progressive onset =1 and relapsing onset=0), and DMT usage status (Not using DMTs 

at the time of survey=0, and 1 otherwise) to determine whether the primary predictor, disability 

severity, was statistically independent. Confounders were identified based on their significant 

association with disability severity and HSUVs (Supplement 4.4a). Significance was set as a 

P-value ≤0.05 (two-tailed). The normal quantile plot of residuals and the plot of fitted versus 

residuals were assessed to ensure error distribution was sufficiently normal.  

4.5 Results  

4.5.1 Clinical and Sociodemographic Characteristics of the Sample 

Mean age of respondents was 55.5 years, with almost three-quarters aged between 35 and 64 

years. The mean MS duration since diagnosis was 15.3 years and approximately four out of 

five respondents were female (Table 4.1). Over half of the respondents were in the moderate 
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and/or severe disability categories, with 21% and 25% in the no disability and mild disability 

categories, respectively. At the time of survey, 908 (58%) respondents were using DMTs and 

more than three-quarters of the respondents had relapse-onset MS (n=1,178, 79%). 

Table 4.1. Clinical and sociodemographic characteristics of the AMSLS participants  

Characteristics 
Respondents 

(n=1,577) 

Non-respondents 

(n=1,586) 
P-value 

Sex    

Male % (n)  21 (339) 21 (334)  

Female % (n)  79 (1,238) 79 (1,252) 0.76 

Age group     

<35 % (n)  4 (60) 4 (70)  

35-44 % (n)  15 (237) 18 (282)  

45-54 % (n)  26 (404) 27 (437)  

55-64 % (n)  31 (495) 28 (448)  

65+ % (n)  23 (368) 21 (328) 0.03 

State/territory of residence     

New South Wales % (n)  29 (457) 32 (511)  

Victoria % (n)  27 (434) 26 (417)  

Queensland % (n)  14 (218) 15 (245)  

South Australia % (n)  9 (138) 9 (135)  

Western Australia % (n)  11 (167) 11 (172)  

Australian Capital Territory % (n)  4 (61) 2 (37)  

Tasmania % (n)  6 (90) 4 (60)  

Northern Territory % (n)  <1 (4) <1 (3) 0.37 

MS onset type    

Relapse onset MS % (n)   79 (1,178) 78 (653)  

Progressive onset MS % (n) 14 (211)  13 (108)  

Unsure % (n)   7 (100)  9 (77) 0.08* 

DMT usage status     

Yes % (n)  58 (908) N/R  

No % (n)  34 (540) N/R  

Disability severity     

No disability % (n)  20 (315) N/R  

Mild disability % (n)  24 (385) N/R  

No/mild disability % (n)  46 (700) N/R  

Moderate disability % (n)  36 (575) N/R  

Severe disability % (n)  18 (289) N/R  

MS duration since diagnosis   

Average in years (n) 15.3 (1,436) 15.2 (1,385) 0.72 
Notes:   MS=Multiple Sclerosis; AMSLS=Australian MS Longitudinal Study; N/R = not reported; DMT=disease modifying 

therapy 

No disability includes Expanded Disability Status Scale [EDSS] level 0), mild disability (EDSS levels 1–3.5),  

moderate disability (EDSS levels 4–6) and severe disability (EDSS levels 6.5–9.5).  

Age group, State of residence, MS onset type, DMT usage status, and disability severity was not stated for 13, 8, 88, 129 

and 13 respondents, respectively. *MS onset type was not available for was only available for 748 non-respondents.  
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4.5.2 Sample Representativeness  

When we compared respondents with non-respondents (n=1,586), we found no differences in 

sex (p=0.76), Australian state/territory of residence (p=0.37), MS onset type (p=0.08) or 

duration of MS from diagnosis (p=0.72). However, respondents were slightly older (+1.2 

years), and age distribution differed between respondents and non-respondents (p=0.03). 

When we compared the paper-based respondents with those responding online, important 

differences in the characteristics of both groups were observed as expected (Supplement 4.4b). 

4.5.3 HSUVs and AQoL-8D Dimensional Scores (Overall Sample) 

Table 4.2 provides the AQoL-8D’s mean (95% confidence interval [CI]) HSUVs, individual 

dimensions and super-dimensional scores of the overall sample. The overall mean HSUV at 

0.61 was 0.18 units lower than the standardised Australian norm. The mean Physical super-

dimension score of 0.57 was 0.21 units lower than the standardised Australian norm and the 

Psychosocial super-dimension of 0.33 was 0.16 units lower. Of the individual dimension 

scores, the largest difference compared to the standardised Australian norm was seen for 

Independent living (-0.23), followed by Pain (-0.15), Relationships (-0.13), Coping (-0.12), 

Self-worth (-0.12) and Mental Health (-0.09). The smallest differences were seen for 

Happiness (-0.06 units) and Senses (-0.06). 

4.5.4 HSUVs and AQoL-8D Dimensional Scores (by Disability 

Severity) 

Figures 4.2a, 4.2b, and 4.2c stratified the HSUVs and AQoL-8D dimensional scores by 

disability severity. HSUV was substantially lower among those of higher disability (Figure 

4.2a). Those with no disability had a mean HSUV of 0.81, comparable to that seen in the 

standardised Australian norm (Table 4.1). For people with mild, moderate and severe 

disability, mean HSUV was 0.65, 0.54 and 0.48, respectively. HSUV differences between the 

four disability groups were statistically significant. When the no disability (n=314) and mild 

disability (n=384) groups were combined into one category of “no/mild disability” the HSUV 

was 0.72 (95% CI: 0.71−0.73). Figure 4.3 shows the distribution of HSUVs for the overall 

sample and the no, mild, moderate and severe disability subgroups. Overall, 1,172 (75%) 

achieved an HSUV score less than the standardised Australian norm. Only one participant 

reported no issues with all 8 dimensions of the AQoL-8D, which led the participant to achieve 

an HSUV of 1. None of our sample scored a negative HSUV.
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Table 4.2. AQoL-8D utility valuations, super dimension and individual dimension scores of respondents 

AQoL-8D characteristics Australian people with Multiple Sclerosis (n=1,566)* 
Mean Australian 

population norms 

Difference in 

Values*** 

 Mean Median (SD) 95% CIs 
actual/age and sex 

standardized** 
Mean 

Health State Utility Value (HSUV) 

 0.61 0.60 0.22 0.60−0.62 0.80/0.79 -0.18 

Super-dimensions       

Physical 0.57 0.54 0.22 0.56−0.58 0.83/0.78  -0.21 

Psychosocial 0.33 0.29 0.19 0.32−0.34 0.50/ 0.49 -0.16 

Individual dimensions (Physical health) 

Independent Living 0.70 0.67 0.20 0.69−0.71 0.94/0.93  -0.23 

Senses 0.84 0.85 0.13 0.83−0.85 0.91/0.90  -0.06 

Pain 0.68 0.71 0.26 0.67−0.69 0.86/0.83 -0.15 

Individual dimensions (Psychosocial health) 

Happiness 0.74 0.79 0.16 0.73−0.75 0.80/0.80 -0.06 

Coping 0.70 0.71 0.15 0.69−0.71 0.83/0.82 -0.12 

Relationships 0.66 0.62 0.17 0.66−0.67 0.79/0.79 -0.13 

Self-worth 0.74 0.76 0.18 0.73−0.75 0.85/0.86  -0.12 

Mental Health 0.60 0.58 0.15 0.59−0.61 0.69/0.69 -0.09 

* Estimates for 11 participants could not be calculated because the patient-reported responses were missing for >1 AQoL-8D dimensions for these participants.  

** Australian population norm scores were age and sex standardized to our respondents (see Supplement 4.3).  

*** Difference in values was based on the age and sex standardized Australian population norms.  
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Figure 4.2a. Mean AQoL-8D health state utility values, by disability severity  

 

Figure 4.2b. Mean AQoL-8D super-dimension scores, by disability severity  

 

Figure 4.2c. Mean AQoL-8D individual dimension scores, by disability severity  

No disability includes EDSS level 0, Mild includes EDSS levels 1–3.5, Moderate includes EDSS levels 4–6, 

and Severe includes EDSS levels 6.5–9.5. Disability status was not reported by 13(<1%) respondents 
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Figure 4.3. The HSUVs Distribution of Australian People with Multiple Sclerosis 
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mean score for all severity sub-groups. The mean dimensional scores across the eight 

individual dimensions of the AQoL-8D also exhibited a general decline with increasing 

disability severity (Figure 4.2c). For instance, the mean Independent Living score within no, 

mild, moderate and severe disability sub-groups was 0.94, 0.80, 0.61 and 0.47, respectively. 

However, the mean Mental Health score declined when moving from no disability (0.67) to 

mild disability (0.59) and then remained similar across the mild, moderate (0.57) and severe 

(0.58) disability sub-groups. When compared to the standardised Australian norms (Table 4.2), 

the no disability group had similar scores in all AQoL-8D individual and super-dimensions. 

4.5.5 Regression Analysis of HSUVs on Disability Severity and other 

Variables of Interest   

Table 4.3 reports the results from the multivariable regression model, that estimated the 

association between disability severity and HSUVs after adjusting for confounders (age, sex, 

MS duration, DMT usage, and MS onset type).  

Table 4.3. Multivariable analysis investigating the adjusted HSUV differences between the 

four disability categories 

Regressors Coefficients (P-value) 
 

Mild Disability -0.176 (<0.001)** 
Moderate Disability -0.283 (<0.001)** 
Severe Disability   -0.353 (<0.001)** 
Female Sex -0.020 (0.080) 
Age 35-44 -0.010 (0.728) 

Age 45-54 -0.009 (0.820) 

Age 55-64 -0.007 (0.856) 

Age 65+  0.059 (0.058) 

Using DMT(s)  0.017 (0.133) 
Unknown DMT usage Status  -0.024 (0.182) 

Progressive onset MS -0.016 (0.349) 

Unknown MS onset type  0.002 (0.906) 

MS duration>13 years -0.005 (0.623) 
Constant  0.837 (<0.001) 

R2  0.306 

F-Stat (P-value) 44.46 (<0.001)** 
Notes :HSUV=health state utility value; **significant at 5%; No disability, male sex, age<35 years, using DMTs, bout 

onset MS, and MS duration <=13 years were treated as base cases; No disability includes Expanded Disability Status 

Scale (EDSS) level 0, Mild includes EDSS levels 1–3.5, moderate includes levels 4–6 and severe includes levels 6.5–

9.5; The normal quantile plot of residuals and the plot of fitted versus residuals were assessed and no concerns regarding 

the inequality of variance were found, so no transformation of HSUVs data was needed.  

The results from our multivariable regression model (R-squared=0.31) showed that the 

association between MS disability severity and HSUVs was statistically significant even after 

adjustment for confounders, with the HSUVs of mild, moderate and severe disability 



Chapter 4: Measuring the health-related quality of life in Australians with Multiple Sclerosis 

using the Assessment of Quality of Life-8-Dimension (AQoL-8D) multi-attribute utility 

instrument 

153 

respectively 0.18 (p-value <0.001), 0.28 (p-value <0.001), and 0.35 (p-value <0.001) units 

lower than no disability. The model explained 31% of the variance in HSUVs. 

4.6 Discussion  

In this nationally representative study, we found that MS impacted all facets of HRQoL of 

people with MS, most importantly, the independent living, pain, relationships, self-worth and 

coping. We also found that a significant negative association exists between HSUVs of people 

with MS and their disability severity. In particular, the mean HSUV in people with MS (0.61) 

was 0.18 units lower than that seen in the age/sex standardized Australian population (0.79). 

Those with no disability had an HSUV of 0.81 and the mean HSUVs of mild, moderate, and 

severe disability were 0.16, 0.27 and 0.33 units lower than no disability, respectively. The 95% 

CIs of the mean HSUVs for each disability group did not overlap, indicating that the 

differences between four mean HSUVs were statistically significant. A significant negative 

association between disability severity and HSUVs (with statistically significant differences 

in HSUVs between the four disability groups) remained even after adjustment for potential 

confounders, confirming our unadjusted univariate results reported in Figure 4.2a. The impact 

of disability on HSUVs aligned well with previous research,3,29,30 demonstrating a significant 

negative association between HSUVs and MS disability severity. 

Contrary to previous HSUV studies10-12,19 that grouped people with no disability and mild 

disability together in one category of disability, we have created a separate category for people 

with no disability, as people with mild disability and no disability can be meaningfully 

different. A significant (16 units) difference in mean HSUVs between no disability and mild 

disability confirmed that separating people without disability from those with mild disability 

is essential in health economics studies in MS. 

An R2 value of 0.31 in the multivariable regression (including age, sex, MS duration, DMT 

usage, and MS onset type) indicated that our model explained nearly one third of HSUV 

variance. It is possible that other parameters that were not measured may impact on HRQoL, 

such as body mass index, anxiety, depression, fatigue, and antidepressant medications usage. 

The inclusion of these characteristics should be considered in future regression analysis where 

data are available. 

We found lower scores in all individual dimensions as well as super-dimensions of the AQoL-

8D when compared to the standardised Australian norms. This is an indication that MS impacts 
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all aspects of people with MS’ lives. For instance, the differences in Physical and Psychosocial 

super-dimension scores from the standardised Australian norms were -0.21 and -0.16 HSUV 

units, respectively. The difference in the individual dimension scores was largest for 

Independent Living (-0.23), followed by Pain (-0.15), Relationships (-0.13), Coping (-0.12) 

and Self-worth (-0.12), suggesting that a substantial reduction in the mean HSUVs and 

composite super-dimension scores was primarily driven by reduced scores in these domains. 

Therefore, the HRQoL of people with MS could be significantly improved through effective 

interventions to manage pain and support people with MS to maintain independent living, 

relationships, and self-worth.  

The mean scores across eight individual dimensions and two super-dimensions of the AQoL-

8D exhibited a general decline with increasing disability severity. An exception to this trend 

was the Mental Health dimension, which showed a reduction from no disability (0.67) to mild 

disability (0.59), but no further reduction after that (moderate [0.57] and severe disability 

[0.58]). This suggests that the impact on Mental Health is most substantial when people with 

MS move from a state of no disability to developing a MS-related disability. Those with no 

disability reported similar scores as the general Australian population in all AQoL-8D 

dimensions. 

We found that moving from ‘no’ to ‘mild’ disability impacted more in terms of HSUV loss (-

0.18) than moving from ‘mild’ to ‘moderate’ disability (-0.11). Moving from moderate to 

severe disability had the lowest impact on HSUV (-0.06). People may be better skilled in 

adjusting to their MS as their disability progresses. Another explanation could be that the 

higher end of the scale of EDSS is dominated by walking ability. Once people have adjusted 

to a reduced walking ability, any additional restriction in their walking ability might not reduce 

their quality of life much further. Furthermore, in line with previous findings,31 our study found 

that psychosocial health status was substantially lower for people with MS, particularly, when 

a person with MS moved from no disability to mild disability (-0.15). Therefore, early 

diagnosis and affordable access to effective treatments to slow or prevent disability 

accumulation may have an impact on HRQoL of people with MS by keeping them in the no 

disability category for longer, but this effect should certainly be further investigated.32 

Three previous HRQoL studies in MS have been published using Australian data, including 

one that we recently published using the 2007-08 AMSLS data.17-19 All these studies relied on 

the non-preference based WHOQoL-100 (an instrument developed by World Health 

Organisation [WHO] with the objective of measuring HRQoL),33 and in two17,18 of these 

studies only the disaggregated scores were generated by domain and no HSUVs were 
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calculated. In our recently published study,19 we attempted to indirectly calculate HSUVs by 

MS severity by creating a set of EQ-5D-3L profiles based on WHOQoL-100 responses. The 

HSUV estimates in our current study are higher than what we found in our previous study 

(overall mean HSUV 0.61 compared to 0.53; no or mild disability 0.72 vs 0.61; moderate 

disability 0.54 vs 0.51; severe disability 0.48 vs 0.40) (Supplement 4.5). Part of the explanation 

is the difference in the measurement techniques. However, the introduction and use of new 

generation higher efficacy DMTs and better management of MS in Australia in recent years 

may have resulted in a true improvement in HSUV.34 We recently found that those using the 

higher efficacy DMTs, particularly fingolimod and natalizumab, reported significant increases 

in amount of work, work attendance and work productivity, suggesting they have important 

beneficial effects on work life in people with MS.35 Future studies should also assess the 

HRQoL between the alternative categories of DMTs for people with MS. 

To compare the impact of MS on HSUV to other chronic conditions, we identified studies of 

other chronic diseases inclusive of an Australian population and using the AQoL-8D as their 

measurement instrument (Table 4.4).5,7,36-39 The overall HSUV for people with MS (0.61) was 

comparable to people with chronic conditions including chronic cancer (0.66) or chronic 

arthritis (0.63). The utility valuations for people with severe disability were lower than for 

people with most chronic diseases, and similar to those with chronic depression. A study that 

used the AQoL-8D to measure HSUVs in people with ulcerative colitis,38 found a similar trend 

of decreasing HSUV with increasing severity. These comparisons should be interpreted with 

some caution as the comparative studies would have had varying methodologies and sample 

sizes. 

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

specific focus on MS-related HRQoL and the first data on HRQoL in MS in Australia based 

on a preferentially sensitive MAUI (the AQoL-8D). Due to the AQoL-8D’s detailed 

classification system, our study was able to generate the unique composite ‘super-dimension’ 

and individual dimensional scores for our sample, and to identify the key health domains that 

should be attended to improve the HRQoL of Australians with MS.5,7 
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Table 4.4. The AQoL-8D HSUVs of our sample and other chronic diseases. 

Health State measured by AQoL-8D Location of study population HSUV 

Australian population norms (age and sex 

standardized to our respondents)* 
Australia 0.79 

The current Study (Multiple Sclerosis) 

• Overall sample 

• No disability 

• Mild disability 

• Moderate disability 

• Severe disability 

 

Australia 

 

0.61 

0.81 

0.65 

0.54 

0.48 

Chronic cancer 5 

Australia, Canada, Germany, 

Norway, United Kingdom, and 

United States 

0.66 

Chronic diabetes 5 0.69 

Chronic asthma 5 0.69 

Chronic heart disease 5 0.68 

Chronic arthritis 5 0.63 

Chronic hearing loss 5 0.72 

Chronic depression 5 0.45 

Average measure of chronic disease 5 0.64 

Diabetes 36 0.66 

Obesity 39 Australia 0.69 

Long term publicly waitlisted severely obese bariatric 

surgery patients 37 

• Before surgery 

• Three months after surgery 

• One year after surgery 

 

Australia 

 

 

0.51 

0.61 

0.67 

Private bariatric surgery patients many years after 

surgery 7 
Australia 0.76 

Ulcerative colitis 38 

• Remission 

• Active disease 

• Mild disease 

• Moderate/severe disease 

 

Australia 

 

0.80 

0.70 

0.76 

0.66 

Notes: HSUVs=health state utility values; *see Supplement 4.3 for details.  

A limitation of our study is that our HSUV estimates are based on a sensitive yet generic 

MAUI. Condition specific utility instruments (e.g. MSIS-8D) 40 may provide more credible 

HSUV estimates, particularly, when preferences are elicited from people with experience of 

MS.41 A further limitation is that we did not investigate the impact on HSUVs when the 

valuation technique was switched from AQoL-8D to other alternatives (e.g.: MSQoL-54, 

HUI3, EQ-5D and SF-6D).5 A ‘head-to-head’ comparison of the AQoL-8D and other 

alternatives would be helpful in informing the optimal choice of instrument for assessing 

HSUVs in people with MS. Finally, we have not considered independently the impact of 

comorbidities on HRQoL. Future studies should examine the total impact, magnitude of effect 

and the relative importance of comorbidities on the HRQoL of people with MS.  
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Our study extended the scope of existing research in several dimensions using a detailed 

preferentially sensitive MAUI that enabled us to identify the health aspects that drove the 

overall HSUV for our sample. The study provides an up-to-date, reliable reference to support 

the MS community in advocating for increased and targeted support for people with MS to 

develop further strategies to improve their HRQoL through prevention of disease onset and 

disability progression. Our estimates of HSUVs by disability severity will facilitate the 

construction of future health economic models (aimed at predicting long-term disease 

outcomes and identifying cost effective MS interventions) for Australians with MS at varying 

levels of disability severity.32  

Conclusions 

We have demonstrated that increasing disability in MS was negatively associated with all 

aspects of HRQoL. A significant negative association between the mean HSUV and disability 

severity remained even after taking other factors into account. Therefore, interventions to slow 

or prevent disability progression may have the potential to improve HRQoL of people with 

MS. Based on our findings, lower scores in the health domains of Independent Living, Pain, 

Coping, Relationships, and Self-worth translated into lower Physical and Psychosocial super 

dimension scores, and HSUVs. Appropriate and timely support in these areas may further 

improve the HRQoL of people with MS. Our findings will be useful to generate a variety of 

outcomes of interest to a variety of stakeholders in Australian and similar populations. 
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in Australians with Multiple Sclerosis using the Assessment of Quality of Life-8-
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Supplement 4.1. Comparisons of the dimensions and content of multi-attribute utility 

instruments. 

  EQ-5D-3L EQ-5D-5L SF-6D HUI 3 15D AQoL-8D 

        

Year (preference weights available) 1995 2012 2002 2002 1989 2009 

Countries of origin Europe/UK Europe/UK UK/USA Canada Finland Australia 

Dimensions 5 5 6 8 15 8 

Items 5 5 6 8 15 

35 (25 related 

to psychosocial 
health) 

Response levels 3 5 4-6 5-6 4-5 4-6 

States defined 243 3,125 18,000 972,000 3.1 x 1010 2.4 x 1023 

Total time taken 1 minute 1 minute 2.5 minutes 3 minutes 4 minutes 5.5 minutes 

Physical health-related items       

Physical 

ability/mobility/vitality/coping/control 
1 1 1 2 2 3 

Bodily function/self-care 1 1   3 1 

Pain/discomfort 1 1 1 1 1 2 

Senses    2 2 2 

Usual activities/work 1 1 1  1 4 

Communication    1 1 1 

Psychosocial health-related items       

Sleeping     1 1 

Depression/anxiety/anger 1 1 1 1 3 7 

General satisfaction      4 

Self-esteem      2 

Cognition/memory ability    1   

Social function/relationships   1   6 

(Family) role   1  1 1 

Intimacy/sexual relationships      1 

Abbreviation: 15D, 15-dimensional questionnaire; AQoL, Assessment of Quality of Life; EQ-5D, EuroQoL five-dimensions scale; HUI, 
Health Utilities Index; SF-6D, Short Form 6-dimension. 

Sources: (1) Richardson (2011). Review and Critique of Health Related Multi Attribute Utility Instruments. Centre for Health Economics. 

Research paper 2011(64). 
 (2) Richardson (2015). Why do multi-attribute utility instruments produce different utilities: the relative importance of the descriptive 

systems, scale and 'micro-utility' effects. Qual Life Res. 2015 Aug;24(8):2045-53. 
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Supplement 4.2. The Approximate EDSS equivalents of the Patient Determined Disease 

Steps (PDDS)  

Patient Determined Disease Steps (Description) 

Approximate 

EDSS 

Equivalent 

Broad 

Disability 

Category 

Sample 

Size per 

group* 

0 (I may have some mild symptoms, mostly sensory, due to MS but 

they do not limit my activity or lifestyle) 0 No Disability 314 

1 (I have some noticeable symptoms from my MS, but they are 

minor and have only a small effect on my lifestyle) 
1 

Mild 

Disability  
384 

2 (I don't have any limitations in my walking ability. However, I do 

have problems due to MS that limit daily activities in other ways) 

2-3 

3 (MS does interfere with my activities, especially walking. I can 

work a full day, but athletic or physically demanding activities are 

more difficult than they used to be. I usually don’t need to use a 

walking stick (cane) or other walking aid, but I might during an MS 

attack) 

4-5 

Moderate 

Disability 
574 

4 (I can walk about 8 meters (or 25 feet) without using a walking 

stick (cane) or other walking aid such as a splint, brace, or crutch, 

but I may use a walking aid for greater distances) 

6 

5 (To be able to walk 8 meters (or 25 feet), I have to have a walking 

stick (cane), a single crutch, or someone to hold onto. I can get 

around the house by holding onto furniture or touching the walls for 

support. I may use a scooter or wheelchair for greater distances) 

6 

6 (To walk 8 meters (or 25 feet), I must have two walking sticks 

(canes), two crutches, or a walking frame (walker). I may use a 

scooter or wheelchair for greater distances) 

6.5 

Severe 

Disability 
286 7 (My main form of mobility is a wheelchair. I may be able to stand 

and/or take one or two steps, but I can’t walk 8 meters (or 25 feet), 

even with crutches or a walking frame) 

7 

8 (I am unable to sit in a wheelchair for more than 1 hour, and I spend 

most of my time in bed) 

8-9 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean HSUV  

  Females Males  

Age group 
Mean Australian 

norm HSUVs 

Age and sex specific 

proportions (respondents) 

Mean Australian 

norm HSUVs 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.789a 0.035 0.807a 0.004 0.031 

35-44 0.777a 0.145 0.820a 0.012 0.122 

45-54 0.757a 0.197 0.791a 0.059 0.196 

55-64 0.785a 0.247 0.780a 0.067 0.246 

65+ 0.814a 0.156 0.836a 0.082 0.196 

Age and sex Standardised Australian Population Norm Mean HSUV  ∑G=0.791 

 Notes: We used the age and sex specific HSUVs of Australian general population and weighted those to the age and sex specific proportions of the AMSLS respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Independent Living’ score 

  Females Males  

Age group 

Mean Independent 

Living score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 

Mean Independent 

Living score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.959a 0.035 0.955a 0.004 0.037 

35-44 0.946a 0.145 0.947a 0.012 0.148 

45-54 0.938a 0.197 0.93a 0.059 0.240 

55-64 0.918a 0.247 0.919a 0.067 0.288 

65+ 0.898a 0.156 0.91a 0.082 0.215 

Age and sex Standardised Australian Population Norm Mean ‘Independent Living’ score ∑G=0.929 

  Notes: We used the age and sex specific ‘Independent Living’ scores of Australian general population and weighted those to the age and sex specific proportions of the 

AMSLS respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Senses’ score 

  Females Males  

Age group 
Mean Senses score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 

Mean Senses score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.935a 0.035 0.938a 0.004 0.036 

35-44 0.922a 0.145 0.924a 0.012 0.144 

45-54 0.885a 0.197 0.880a 0.059 0.226 

55-64 0.894a 0.247 0.880a 0.067 0.280 

65+ 0.886a 0.156 0.871a 0.082 0.210 

Age and sex Standardised Australian Population Norm Mean ‘Senses’ score ∑G=0.897 

 Notes:  We used the age and sex specific Senses scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS 

respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Pain’ score 

  Females Males  

Age group 
Mean Pain score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 

Mean Pain score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.900a 
0.035 0.906a 0.004 0.035 

35-44 0.856a 0.145 0.882a 0.012 0.134 

45-54 0.841a 0.197 0.836a 0.059 0.215 

55-64 0.806a 0.247 0.833a 0.067 0.255 

65+ 0.771a 0.156 0.805a 0.082 0.186 

Age and sex Standardised Australian Population Norm Mean ‘Pain’ score ∑G=0.826 

Notes: We used the age and sex specific Pain scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Physical Super-dimension’ score 

  Females Males  

    

Age group 

Mean Physical 

Super-dimension 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 

Mean Physical 

Super-dimension 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.871a 0.035 0.874a 0.004 0.034 

35-44 0.826a 
0.145 0.847a 

0.012 0.130 

45-54 0.795a 
0.197 0.787a 

0.059 0.203 

55-64 0.767a 0.247 0.788a 0.067 0.242 

65+ 0.732a 
0.156 0.749a 

0.082 0.176 

Age and sex Standardised Australian Population Norm Mean ‘Physical Super-dimension’ score ∑G=0.785 

 Notes: We used the age and sex specific Physical Super-dimension scores of Australian general population and weighted those to the age and sex specific proportions 

of the AMSLS respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Happiness’ score 

  Females Males  

Age group 

Mean Happiness 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 

Mean Happiness 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.791a 
0.035 0.810a 

0.004 0.031 

35-44 a0.788 0.145 0.766a 0.012 0.123 

45-54 0.771a 0.197 0.777a 0.059 0.198 

55-64 0.792a 
0.247 0.799a 

0.067 0.249 

65+ 0.828a 0.156 0.848a 0.082 0.199 

Age and sex Standardised Australian Population Norm Mean ‘Happiness’ score ∑G=0.800 

 Notes: We used the age and sex specific Happiness scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS 

respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Coping’ score 

  Females Males  

Age group 
Mean Coping score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 

Mean Coping score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.803a 
0.035 0.849a 

0.004 0.032 

35-44 0.799a 0.145 0.815a 0.012 0.125 

45-54 0.794a 0.197 0.812a 0.059 0.205 

55-64 0.824a 
0.247 0.839a 

0.067 0.260 

65+ 0.845a 0.156 0.851a 0.082 0.202 

Age and sex Standardised Australian Population Norm Mean ‘Coping’ score ∑G=0.823 

 Notes: We used the age and sex specific Copping scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS 

respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Relationships’ score 

  Females Males  

Age group 

Mean Relationships 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 

Mean Relationships 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.793a 
0.035 0.803a 

0.004 0.031 

35-44 0.776a 0.145 0.778a 0.012 0.122 

45-54 0.767a 0.197 0.783a 0.059 0.197 

55-64 0.790a 
0.247 0.797a 

0.067 0.248 

65+ 0.807a 0.156 0.827a 0.082 0.194 

Age and sex Standardised Australian Population Norm Mean ‘Relationships’ score ∑G=0.792 

 Notes: We used the age and sex specific Relationships scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS 

respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Self-worth’ score 

  Females Males  

Age group 

Mean Self-worth 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 

Mean Self-worth 

score (Australian 

Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.818a 
0.035 0.852a 

0.004 0.032 

35-44 0.829a 0.145 0.846a 0.012 0.130 

45-54 0.821a 0.197 0.860a 0.059 0.213 

55-64 0.855a 
0.247 0.889a 

0.067 0.271 

65+ 0.899a 0.156 0.916a 0.082 0.216 

Age and sex Standardised Australian Population Norm Mean ‘Self-worth’ score ∑G=0.861 

Notes: We used the age and sex specific Self-worth scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS 

respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Mental Health’ score 

  Females Males  

Age group 

Mean Mental 

Health score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 

Mean Mental 

Health score 

(Australian Norms) 

Age and sex specific 

proportions (respondents) 
 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.667a 
0.035 0.706a 

0.004 0.026 

35-44 0.652a 0.145 0.676a 0.012 0.102 

45-54 0.650a 0.197 0.697a 0.059 0.169 

55-64 0.681a 
0.247 0.714a 

0.067 0.216 

65+ 0.720a 0.156 0.744a 0.082 0.174 

Age and sex Standardised Australian Population Norm Mean ‘Mental Health’ score ∑G=0.687 

Notes: We used the age and sex specific Mental Health scores of Australian general population and weighted those to the age and sex specific proportions of the AMSLS 

respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality of life aspects of treatment, care and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 



Chapter 4: Measuring the health-related quality of life in Australians with Multiple Sclerosis using the Assessment of Quality of Life-8-Dimension 

(AQoL-8D) multi-attribute utility instrument 

185 

Supplement 4.3 

Calculating the age and sex standardised Australian population norm mean ‘Psychosocial Super-dimension’ score 

  Females Males  

Age group 

Mean Psychosocial 

Super-dimension score 

(Australian Norms) 

Age and sex specific 

proportions 

(respondents) 

Mean Psychosocial 

Super-dimension score 

(Australian Norms) 

Age and sex specific 

proportions 

(respondents) 

 

 A B C D G=[(A×B) + (C×D)] 

  

<35 0.475a 
0.035 0.526a 

0.004 0.019 

35-44 0.458a 0.145 0.463a 0.012 0.072 

45-54 0.444a 0.197 0.498a 0.059 0.117 

55-64 0.483a 
0.247 0.528a 

0.067 0.155 

65+ 0.538a 0.156 0.576a 0.082 0.131 

Age and sex Standardised Australian Population Norm Mean ‘Psychosocial Super-dimension’ score ∑G=0.493 

 Notes: We used the age and sex specific Psychosocial Super-dimension scores of Australian general population and weighted those to the age and sex specific proportions 

of the AMSLS respondents. 
a Maxwell A, Ozmen M, Iezzi A, et al. 2016. Deriving population norms for the AQoL-6D and AQoL-8D multi-attribute utility instruments from web-based data. Quality 

of life research: an international journal of quality-of-life aspects of treatment, care, and rehabilitation. DOI: 10.1007/s11136-016-1337-z. 
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Supplement 4.4a. Univariable analysis investigating factors associated with Health State 

Utility Values 

Regressors   

  Coefficients (P-value) 
Mild Disability  -0.166 (<0.001)** 

Moderate Disability  -0.272 (<0.001)** 

Severe Disability   -0.328 (<0.001)** 

   

Female Sex  0.024 (0.039)** 

   

Age 35-44  -0.006 (0.856) 

Age 45-54  -0.023 (0.495) 

Age 55-64  -0.054 (0.014)** 

Age 65+  -0.051 (0.012)** 

   

Using DMT(s)   0.039 (0.001)** 

Unknown DMT usage Status  0.398 (0.092) 

Progressive onset MS  -0.083 (<0.001)** 

Unknown MS onset type  -0.003 (0.885) 

MS duration>13 years  -0.041 (<0.001)** 

   
Notes: **significant at 5%,  

No disability, male sex, age<35 years, using DMTs, bout onset MS, and MS duration <=13 years were treated as 

base cases.  

No disability includes Expanded Disability Status Scale (EDSS) level 0, Mild includes EDSS levels 1–3.5, moderate 

includes levels 4–6 and severe includes levels 6.5–9.5. 

Pearson Chi-square Test to investigate the association between Disability severity and 

other variables  

Sex (male=0, female=1) and Disability Severity 

Pearson chi2(4) = 34.039  P-value <0.001 

MS Duration (<13 years=0 and >13years=1) and Disability Severity 

 Pearson chi2(4) = 71.516  P-value <0.001 

 DMT Usage Status (on DMTs =0, off DMTs=1) and Disability Severity 

 Pearson chi2(8) = 113.244  P-value <0.001 

MS onset type (relapsing=0, progressive=1) and Disability Severity 

 Pearson chi2(8) = 131.594  P-value <0.001 

 Age (>35 years=0, 35-44=1, 45-54=2, 55-64=3, and 65+=4) and Disability Severity 

 Pearson chi2(20) = 230.799  P-value <0.001 
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Supplement 4.4b, Characteristics of the two subgroups of Respondents 

Characteristics  
Online 

(n=1,112) 

Paper-based 

(n=465) 

P-value  

Age    

Average in years  53.5 60.5 <0.001 

Sex    

Male % (n)  21 (237) 22 (102)  

Female % (n)  79 (1875) 78 (363) 0.784 

Age group    

<35 % (n)  5 (51) 2 (9)  

35-44 % (n)  18 (204) 7 (33)  

45-54 % (n)  29 (321) 18 (83)  

55-64 % (n)  31 (340) 33 (155)  

65+ % (n)  17 (186) 39 (182) <0.001 

State/territory of residence    

New South Wales % (n)  29 (324) 29 (133)  

Victoria % (n)  27 (304) 28 (130)  

Queensland % (n)  15 (166) 11 (52)  

South Australia % (n)  8 (87) 11 (51)  

Western Australia % (n)  11 (124) 9 (43)  

Australian Capital Territory % (n)  5 (55) 1 (6)  

Tasmania % (n)  4 (48) 9 (42)  

Northern Territory % (n)  <1 (3) <1 (1) <0.001 

MS onset type   

Relapse onset MS % (n)  78 (872) 66 (306)  

Progressive onset MS % (n) 11 (122)  19 (89)  

Unsure % (n)  5 (58)  9 (42) <0.001 

DMT Usage Status    

Yes % (n)  60 (665) 52 (243)  

No % (n)  32 (359) 39 (181) 0.020 

Disability severity    

No disability % (n)  24 (264) 11 (51)  

Mild disability % (n)  25 (277) 23 (108)  

Moderate disability % (n)  35 (389) 40 (186)  

Severe disability % (n)  16 (182) 23 (107) <0.001 

MS duration since diagnosis   

Average in years (n)    
Notes : MS=Multiple Sclerosis; AMSLS=Australian MS Longitudinal Study; DMT=disease modifying therapy 

No disability includes Expanded Disability Status Scale [EDSS] level 0), mild disability (EDSS levels 1–3.5),  

moderate disability (EDSS levels 4–6) and severe disability (EDSS levels 6.5–9.5). Age group, State of residence, MS 

onset type, DMT usage status, and disability severity was not stated for 13, 8, 88, 129 and 13 respondents, respectively. 
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Supplement 4.5. Comparison of HSUVs with Previous Australian Evidence  

 Current Study a2017 Study  

Disability Severity  Mean (95% CIs) (n) Mean (95% CIs) (n) 

No Disability  0.81 (0.80−0.83) (314) N/Ab 

Mild Disability 0.65 (0.63−0.67) (384) N/Ab 

No/Mild disability  0.72 (0.71−0.73) (698) 0.61 (0.60−0.62) (872) 

Moderate Disability 0.54 (0.52−0.56) (574)  0.51 (0.50−0.52) (809) 

Severe Disability 0.48 (0.46−0.50) (286)  0.40 (0.38−0.43) (341) 

Overall Sample  0.61 (0.60−0.62) (1,566) 0.53 (0.52−0.54) (2,146) 
a Ahmad H, Taylor BV, van der Mei I, et al. The impact of multiple sclerosis severity on health state utility values: Evidence from Australia. 

Multiple Sclerosis Journal 2017; 23: 1157-1166. 
b Not available, the 2017 study grouped people with no disability and mild disability together in one category of disability. 
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Chapter 5: Does health-related quality of life differ 

between people with relapse onset and progressive 

onset multiple sclerosis? 

5.1 Preface 

Chapter 5 presents Study 3 which provided a comprehensive assessment of the effects of MS 

onset type on overall and disability-severity specific HRQoL, measured in terms of HSUVs 

and dimensional scores, using Australian data and a detailed preferentially sensitive 

Assessment of Quality of Life (AQoL)-8D instrument. This chapter aimed to examine if 

HRQoL differed by onset type, in which health dimensions the differences were most 

pronounced, and whether these differences remained when stratified by disability severity.  

The text in this chapter has been published in Multiple Sclerosis and Related Disorders journal 

(Ahmad, Hasnat, et al. " Does health-related quality of life differ between people with relapse 

onset and progressive onset multiple sclerosis?" Multiple Sclerosis and Related Disorders 54 

(2021): 103138. 

5.2 Abstract 

Background: Multiple sclerosis (MS) can be categorised as relapse onset MS (ROMS) and 

progressive onset MS (PROMS). We aimed to examine if health-related quality of life (in 

terms of HSUVs and dimensional scores) differed by onset type, in which health dimensions 

the differences were most pronounced, and whether these differences remained when stratified 

by disability severity.  

Methods: We estimated HSUVs and the unique composite ‘super-dimension’ and ‘individual 

dimension’ scores (crude, age, sex, disease duration and disease modifying therapies use 

adjusted; and stratified by onset type and disability severity) for a sample of 1,577 participants 

in the Australian MS Longitudinal Study, using the Assessment of Quality of Life (AQoL)-

8D. 

Results: Adjusted mean overall HSUV of PROMS was 0.55, 0.07 units lower than ROMS. 

Adjusted mean physical and psychosocial super-dimension scores for PROMS were 0.51 and 

0.28, 0.07 and 0.06 units lower than for ROMS, respectively. For the individual health 

dimensions, the largest difference was seen in independent living (-0.12 units), followed by 
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relationships (-0.07 units), and self-worth (-0.07 units). Whilst HSUVs and dimensional scores 

were negatively associated with increasing disability severity in both onset types, estimates by 

disability severity did not differ between the two cohorts.  

Conclusions: Our study provides a comprehensive assessment of the effects of MS onset type 

on overall and disability-severity specific HRQoL scores using a detailed preferentially 

sensitive AQoL-8D instrument. While overall HRQoL was substantially lower in PROMS 

than in ROMS, the mean HRQoL values for each disability level did not differ by onset type, 

indicating that future health economic models can use the same HSUV inputs for both onset 

types.  

5.3 Introduction 

Multiple sclerosis (MS) is an autoimmune/neurodegenerative disease in which the myelin 

sheath covering nerve fibres in the central nervous system (brain, optic nerves and spinal cord) 

is damaged, leading to secondary axonal damage and neuronal death, resulting in increasing 

disability due to impairment of cognitive, motor and sensory functions, a substantial 

socioeconomic burden and low individual health-related quality of life (HRQoL) over time1,2. 

Approximately 85-90% of MS cases start as relapsing remitting MS (RRMS), with episodes 

of relapsing and remitting neurological dysfunction followed by partial or full recovery.3-5 

With time, most of these cases enter a progressive phase of MS (characterised by gradual 

increase in disability without relapses/remissions) that is referred to as secondary progressive 

MS (SPMS).3-5 The remaining 10-15% of cases experience continuous neurological worsening 

from the onset and accumulate disability steadily over time, and are classified as primary 

progressive MS (PPMS).3-5 A previous fourth MS phenotype (progressive relapsing MS 

[PRMS], characterised by steady disability accumulation at the onset with occasional 

superimposed relapses/remissions) was incorporated into PPMS in 2013.6 According to the 

onset type, people with MS can therefore be grouped into the categories of relapse onset MS 

(ROMS) that includes both RRMS and SPMS and progressive onset MS (PROMS) including 

PPMS and PRMS.3-5 

MS has a substantial effect on health and wellbeing as it affects both the physical and 

psychosocial aspects of HRQoL,7 8 which can be reflected as an overall index of the health 

state utility values (HSUVs [that measure the strength of preference for a given health state 

usually as a number between 0=death and 1=perfect health]) or health dimension scores 

assessing physical and psychological health.9 Multi-attribute utility instruments (MAUIs) such 
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as the EuroQoL-5-Dimension (EQ-5D-5L or 3L), Short-Form-6-Dimension (SF-6D), Health 

Utilities Index Mark 3 (HUI3) and the Assessment of Quality of Life-8-Dimension (AQoL–

8D) and others can be used to measure HSUVs.10 Whilst MAUIs are far from identical,9 the 

AQoL–8D builds on other MAUIs and has preferential sensitivity for capturing and assessing 

the complex physical and psychosocial health aspects that are relatively neglected, particularly 

for people with chronic diseases10-12 (Figure 5.1 and Supplement 5.1). The AQoL-8D’s 

comprehensive classification system and algorithm enables the capture and assessment of 

billions of separate health states (2.4×1023) compared to, for example, the EQ-5D-3L and EQ-

5D-5L that only measure 243 and 3,125 separate health states, respectively (Supplement 5.1).12 

HRQoL impacts in overall samples of people with MS have been well researched in Australia, 

Europe and other parts of the word using a wide range of client-reported, generic, and disease-

specific MAUIs.13-26 However, similar research in sub-groups of MS types is scarce. While 

several European and US-based 27-31 studies have investigated HSUVs by MS phenotype using 

the EQ-5D, only one Australian study reported HSUVs by MS onset types and suggested 

worse HSUVs for PROMS than ROMS.4 As it used the EQ-5D, that Australian study was 

unable to fully account for potential differences in physical and psychosocial health aspects of 

people with MS with different onset types. The findings from that study also raised the 

question whether we need to develop separate input HSUVs for multi-state health economic 

models of each MS onset type (that may require disability severity-specific HSUVs and other 

input parameters). However, MS onset specific HSUV estimates by disability severity were 

not reported in that study.  

In order to assess HRQoL (HSUVs and the unique composite ‘super dimension’ and 

‘individual dimension’ score) differences between MS onset types and to obtain disability 

severity-specific HSUVs (to guide input choices in the future health economic evaluation 

models of each onset type), we employed the AQoL-8D to examine HRQoL in a large 

representative sample of Australians with MS, stratified by onset type and by disability 

severity.  
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Figure 5.1. The AQoL-8D structure: Items, individual dimensions, and super dimensions 
 

 Super 

Dimensions 
 Dimensions  Items 

 

 
Source: Richardson J, Iezzi A, Khan et al. Validity and reliability of the Assessment of Quality of Life (AQoL)-8D multi-

attribute utility instrument. The Patient-Patient-Centered Outcomes Research 2014; 7: 85-96 
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5.4 Materials and Methods  

5.4.1 Study Design  

The Australian Multiple Sclerosis Longitudinal Study (AMSLS) is a large nationally 

representative sample of Australian people with MS..32 Australian residents, minimum 18 

years of age with a diagnosis of MS are eligible to join. In April 2016, there were 3,163 active 

AMSLS participants who were invited to report their AQoL-8D profiles as part of the 

Economic Impact Survey (EIS) 2016 of the AMSLS, with N=1,577 (49.9%) participants 

responding (1,112 online, and 465 paper-based). The survey captured data on participants’ 

clinical and sociodemographic characteristics including their age, sex, disability severity, 

state/territory of residence, disease modifying therapy (DMT) use at the time of survey, and 

MS duration since diagnosis. As the EIS 2016 did not capture information on MS onset types, 

we obtained this from the AMSLS’s Medications and Disease Course Surveys (2015, 2016, 

2017 and 2018) by matching participants’ ID numbers.  

5.4.2 Measurement of Health-Related Quality of Life (HRQoL)  

The AQoL-8D comprises 35 items (or questions) that load to three individual dimensions 

(Independent Living, Senses, and Pain) of physical and five (Mental Health, Self-worth, 

Relationships, Coping and Happiness) of psychosocial health (Figure 5.1).11 We combined the 

individual dimension scores according to the AQoL-8D’s algorithm to generate two 

‘weighted’ super dimensions of physical and psychosocial health, and HSUVs (between 0 and 

1) for our sample.11  

5.4.3 Disability Measurement 

Disability was measured using the Patient-Determined Disease Steps Scale (PDDS), a 

validated patient-reported outcome of mobility-based functional disability in MS that 

correlates highly with the gold-standard Expanded Disability Status Scale (EDSS).15,33-37 

Following other studies in the field,15,22-24,38 we obtained the EDSS equivalents of the PDDS 

scores and classified our sample into the disability categories of no disability (EDSS level: 0), 

mild disability (EDSS 1–3.5), moderate disability (EDSS 4–6) and severe disability (EDSS 

6.5–9.5) (Supplement 5.2).  
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5.4.4 Statistical analyses 

We used descriptive analysis to quantitatively summarize the respondents’ clinical and 

sociodemographic characteristics in the total sample and by MS onset type. We compared the 

characteristics of respondents with PROMS with those with ROMS using t-test (for continuous 

variables) and χ2-test (for categorical variables). We further compared the characteristics of 

respondents with non-respondents to statistically confirm the representativeness of our sample. 

The difference in HRQoL between people with ROMS and people with PROMS were 

evaluated by comparing the crude mean HSUVs, individual and super dimension scores and 

those estimates adjusted for confounders of age, sex, disease duration (since diagnosis) and 

DMT use (on or off treatment at the time of survey) using multivariable linear regression 

model. The difference in HRQoL by disability severity between two on-set types were then 

evaluated by comparing the disability severity stratified crude and adjusted mean HSUVs, 

individual and super dimension scores. We also tested whether there were associations 

between disability severity and HRQoL by MS onset type by including interaction terms in 

the multivariable models. Confounders were identified based on their significant association 

with disability severity and HSUVs (Supplement 5.3). All analyses were performed using 

STATA/IC for Windows (version 16.0; Stata Corp LP, College Station, TX, USA). Statistical 

significance was set as a P-value ≤0.05 (two-tailed). The normal quantile plot of residuals 

and the plot of fitted versus residuals were assessed to ensure error distribution was sufficiently 

normal.  

5.5 Results 

Clinical and Sociodemographic Characteristics of the Sample  

Of the 1,577 respondents, more than three-quarters (n=1,178, 79%) had ROMS. Mean age of 

respondents was 55.5 years, the mean MS duration since diagnosis was 15.3 years and 

approximately four out of five respondents were female (Table 5.1). Over half of the 

respondents were in the moderate and/or severe disability categories, with 21% and 25% in 

the no disability and mild disability categories, respectively (Table 5.1). When we compared 

respondents (n=1,577) with non-respondents (n=1,586) (Supplement 5.4), we found no 

differences in sex (p=0.76), Australian state/territory of residence (p=0.37), MS onset type 

(p=0.08) or duration of MS from diagnosis (p=0.72). However, respondents were slightly older 
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(+1.2 years), and the age distribution differed between respondents and non-respondents 

(p=0.03). 

Table 5.1. Clinical and sociodemographic characteristics of respondents with distinct MS 

onset types  

 
All 

respondents 

Relapse onset 

MS 

Progressive 

onset MS 
Unsure p-value* 

Characteristics (n=1,577) (n=1,178) (n=211) (n=100)  

Age      

Average in years (n) 55.5 (1,577) 54.1 (1171) 61.9 (211) 62.0 (100) <0.001 

Sex      

Male % (n)  21 (339) 18 (215) 36 (77) 32 (32)  

Female % (n)  79 (1,238) 82 (963) 64 (134) 68 (68) <0.001 

Age group       

<35 % (n)  4 (60) 4 (48) 0 (1) 5 (5)  

35-44 % (n)  15 (237) 18 (207) 5 (11) 4 (4)  

45-54 % (n)  26 (404) 28 (327) 18 (38) 13 (13)  

55-64 % (n)  31 (495) 32 (381) 30 (63) 34 (34)  

65+ % (n)  23 (368) 18 (208) 46 (98) 44 (44) <0.001 

DMT Usage Status       

Yes % (n)  58 (908) 69 (809) 33 (70) 22 (22)  

No % (n)  34 (540) 28 (331)  64 (134) 71 (71) <0.001 

Disability severity       

No disability % (n)  20 (315) 22 (264) 5 (11) 23 (23)  

Mild disability % (n)  24 (385) 27 (323) 9 (18) 20 (20)  

No/mild disability % (n)  46 (700) 50 (587) 14 (29) 43 (43)  

Moderate disability % (n)  36 (575) 37 (435) 37 (78) 30 (30)  

Severe disability % (n)  18 (289) 13 (151) 47 (99) 24 (24) <0.001 

MS duration since 

diagnosis 
     

Average in years (n) 15.3 (1,436) 14.6 (1,134) 17.0 (202) 20.4 (92) <0.001 
Note: MS= multiple sclerosis; DMT = disease modifying therapy. 

MS onset type was not available for 88 respondents; Age group, DMT usage status, disability severity and MS duration was 

not available for 7, 38, 5, and 43 respondents with relapse onset MS, respectively; DMT usage status, disability severity, and 

MS duration was not available for 7, 5, and 9 respondents with progressive onset MS, respectively.  

*p-values are based on Pearson Chi-square test and t-test and compare the characteristics of respondents with progressive 

onset MS with those with relapse onset MS 

When we compared respondents with PROMS with those with ROMS, we found that the 

PROMS cohort was older (+7.8 years) (Table 5.1). Forty-six percent of PROMS participants 

were 65+ years old, compared to 18% in the ROMS cohort. There were significant but 

expected differences in the distribution of sex, DMT use, disability severity and MS duration 

between the two MS onset cohorts. For instance, 36% of PROMS participants were male, 

which is double the percentage of males in the ROMS cohort. Thirty-three percent of PROMS 

participants were using DMTs at the time of survey, compared to 69% in the ROMS cohort. 

Nearly half (47%) of PROMS participants were living with severe disability and 14% with 
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no/mild disability, compared to 13% and 50% respectively in the ROMS cohort. The mean 

MS duration since diagnosis was 17.0 years in PROMS participants, compared to 14.6 years 

in ROMS participants.  

Table 5.2 provides the comparison of the AQoL-8D’s mean (95% confidence interval (CI)) 

HSUVs, individual dimensions and super-dimensional scores between participants with 

PROMS and ROMS. Before adjusting for confounders, mean values for all outcomes, 

excepting individual dimensions of senses and mental health, were significantly lower for 

PROMS participants. After adjusting for confounders, the magnitudes of the difference in 

HRQoL scores between the two onset types was reduced somewhat for HSUVs, physical super 

dimension, and individual dimensions of independent living and relationship, but remained 

statistically significant (Table 5.2). Adjusted mean overall HSUV of PROMS was 0.55, which 

was 0.07 units lower than that of ROMS. Adjusted mean physical and psychosocial super-

dimension scores for PROMS were 0.51 and 0.28, which were 0.07 and 0.06 units lower than 

for ROMS participants, respectively. For the individual health dimensions, the largest 

statistically significant difference in the adjusted mean scores between two groups was seen 

in independent living (-0.12 units), followed by relationships (-0.07 units), self-worth (-0.07 

units), coping (-0.04), happiness (-0.03) and mental health (-0.02). No statistically significant 

differences were observed between the two onset types on individual health dimensions of 

pain and senses. 
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Table 5.2. AQoL-8D utility valuations, super-dimension and individual dimension scores of people with different MS onset types  

AQoL-8D characteristics Progressive onset MS (n=211) Relapse onset MS (n=1,178) 
Progressive onset MS versus relapse-onset 

MS 

 Unadjusted Adjusted a Unadjusted  Adjusted a   

 Mean (95% CIs) Mean (95% CIs) Mean (95% CIs) Mean (95% CIs) 
Unadjusted mean 

difference (95% CIs) 

Adjusted mean 

difference (95% CIs) 

Health State Utility Value 

 0.54 (0.51−0.57) 0.55 (0.52−0.58) 0.63 (0.61−0.64) 0.62 (0.61−0.64) -0.08 (-0.12−-0.05) -0.07 (-0.11−-0.04) 

Super-dimensions      

Physical 0.47 (0.45−0.50) 0.51 (0.48−0.54) 0.59 (0.58−0.60) 0.58 (0.57−0.59) -0.12 (-0.15−-0.08) -0.07 (-0.10−-0.04) 

Psychosocial 0.28 (0.26−0.30) 0.28 (0.25−0.31) 0.34 (0.33−0.35) 0.34 (0.33−0.35) -0.06 (-0.09−-0.04) -0.06 (-0.09−-0.03) 

Individual dimensions (Physical health) 

Independent Living 0.56 (0.53−0.58) 0.60 (0.57−0.62) 0.72 (0.71−0.74) 0.72 (0.71−0.73) -0.17 (-0.20−-0.14) -0.12 (-0.15−-0.09) 

Senses 0.83 (0.81−0.85) 0.85 (0.83−0.86) 0.85 (0.84−0.85) 0.84 (0.84−0.85) -0.01 (-0.03−0.00) 0.00 (-0.02−0.02) 

Pain 0.64 (0.60−0.67) 0.66 (0.62−0.69) 0.69 (0.68−0.71) 0.69 (0.67−0.70) -0.05 (-0.09−-0.02) -0.03 (-0.07−0.01) 

Individual dimensions (Psychosocial health) 

Happiness 0.72 (0.70−0.74) 0.72 (0.70−0.74) 0.74 (0.74−0.75) 0.74 (0.74−0.75) -0.03 (-0.05−0.00) -0.03 (-0.05−0.00) 

Coping 0.67 (0.65−0.69) 0.67 (0.65−0.69) 0.71 (0.70−0.72) 0.71 (0.70−0.72) -0.04 (-0.06−-0.02) -0.04 (-0.06−-0.01) 

Relationships 0.60 (0.58−0.62) 0.61 (0.59−0.63) 0.68 (0.67−0.69) 0.68 (0.67−0.69) -0.08 (-0.11−-0.06) -0.07 (-0.09−-0.04) 

Self-worth 0.68 (0.66−0.70) 0.68 (0.65−0.70) 0.75 (0.74−0.76) 0.75 (0.74−0.76) -0.07 (-0.09−-0.04) -0.07 (-0.10−-0.04) 

Mental Health 0.59 (0.57−0.61) 0.58 (0.56−0.60) 0.60 (0.59−0.61) 0.60 (0.59−0.61) -0.01 (-0.03−0.01) -0.02 (-0.05−0.00) 

Note: MS= multiple sclerosis; AQoL-8D = Assessment of Quality of Life-8 Dimensions. 

MS onset type was not available for 88 respondents.  
a
 Based on predictions form multivariable regression models (adjusted for age, sex, disease duration and DMT usage status) 

Values in bold font denote statistical significance 
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Table 5.3 compared the AQoL-8D’s mean HSUVs, and dimensional scores by disability 

severity between PROMS and ROMS. The mean HSUVs and dimensional scores (across the 

two super and eight individual dimensions of the AQoL-8D) exhibited a general decline with 

increasing disability severity, irrespective of MS onset type. From the adjusted coefficients in 

Table 5.3, the magnitude of reduction in HRQoL scores with increasing disability severity was 

similar across the two MS onset cohorts. For instance, compared with no disability, HSUVs 

of severe disability were 0.34 and 0.36 units lower in ROMS and PROMS cohorts, 

respectively. When moving from no to severe disability, physical super-dimension scores were 

lowered by 0.39 units (PROMS) and 0.40 units (ROMS), and psychosocial super-dimension 

scores were lowered by 0.30 units (PROMS) and 0.29 units (ROMS). Of the individual 

dimensions, the difference in independent living scores between ‘no’ and severe disability was 

0.46 units, irrespective of the onset type. P-values of interaction terms reported in Table 5.3 

(P-interaction=0.33 [HSUVs]; 0.25 [physical super-dimension]; 0.63 [psychosocial super-

dimension]; 0.06 [independent living]; 0.69 [senses]; 0.85 [pain]; 0.25 [happiness]; 0.92 

[coping]; 0.85 [relationships]; 0.16 [self-worth]; and 0.45 [mental health]) showed that 

associations between HRQoL and disability severity did not differ by MS onset type. 
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Table 5.3. Associations between disability severity and HRQoL (HSUVs, super dimension and individual dimension) scores by MS onset type 
 Progressive onset MS Relapse onset MS   

Disability group n (%) 
Unadjusted coefficients 

(95% CI) 

Adjusted coefficients 

(95% CI) a 
n (%) 

Unadjusted coefficients 

(95% CI) 

Adjusted coefficients 

(95% CI) a 

p-value 

for interaction by 

onset type b 

Health State Utility Values 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.329 

Mild Disability 18 (9) -0.17 (-0.31, -0.03) -0.19 (-0.33, -0.05) 323 (27) -0.17 (-0.20, -0.14) -0.18 (-0.21, -0.15) 

Moderate 

Disability 
78 (37) -0.23 (-0.35, -0.11) -0.26 (-0.39, -0.14) 435 (37) -0.28 (-0.31, -0.25) -0.29 (-0.32, -0.26) 

Severe Disability 99 (47) -0.29 (-0.41, -0.17) -0.34 (-0.46, -0.21) 151 (13) -0.34 (-0.38, -0.30) -0.36 (-0.40, -0.32) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 

Physical super-dimension 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.254 

Mild Disability 18 (9) -0.23 (-0.34, -0.12) -0.23 (-0.35, -0.12) 323 (27) -0.20 (-0.22, -0.17) -0.19 (-0.22, -0.17) 

Moderate 

Disability 
78 (37) -0.32 (-0.41, -0.22) -0.32 (-0.42, -0.22) 435 (37) -0.35 (-0.37, -0.32) -0.34 (-0.36, -0.31) 

Severe Disability 99 (47) -0.38 (-0.48, -0.29) -0.39 (-0.49, -0.29) 151 (13) -0.42 (-0.46, -0.39) -0.40 (-0.44, -0.37) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 

Psychosocial super-dimension 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.626 

Mild Disability 18 (9) -0.18 (-0.29, -0.06) -0.20 (-0.31, -0.08) 323 (27) -0.16 (-0.19, -0.13) -0.17 (-0.20, -0.14) 

Moderate 

Disability 
78 (37) -0.21 (-0.30, -0.11) -0.24 (-0.34, -0.15) 435 (37) -0.23 (-0.26, -0.21) -0.25 (-0.27, -0.22) 

Severe Disability 99 (47) -0.25 (-0.35, -0.16) -0.30 (-0.40, -0.20) 151 (13) -0.27 (-0.30, -0.24) -0.29 (-0.33, -0.26) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 

Independent Living 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.052 

Mild Disability 18 (9) -0.18 (-0.26, -0.09) -0.19 (-0.27, -0.10) 323 (27) -0.14 (-0.16, -0.12) -0.14 (-0.16, -0.12) 

Moderate 

Disability 
78 (37) -0.31 (-0.38, -0.24) -0.33 (-0.40, -0.26) 435 (37) -0.32 (-0.34, -0.31) -0.32 (-0.33, -0.30) 

Severe Disability 99 (47) -0.44 (-0.51, -0.37) -0.46 (-0.53, -0.38) 151 (13) -0.48 (-0.50, -0.45) -0.46 (-0.48, -0.43) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 
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Table 5.3. Associations between disability severity and HRQoL (HSUVs, super dimension and individual dimension) scores by MS onset type 
 Progressive onset MS Relapse onset MS   

Disability group n (%) 
Unadjusted coefficients 

(95% CI) 

Adjusted coefficients 

(95% CI) a 
n (%) 

Unadjusted coefficients 

(95% CI) 

Adjusted coefficients 

(95% CI) a 

p-value 

for interaction by 

onset type b 

Senses  

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.687 

Mild Disability 18 (9) -0.10 (-0.20, 0.00) -0.13 (-0.23, -0.02) 323 (27) -0.06 (-0.08, -0.04) -0.05 (-0.07, -0.03) 

Moderate 

Disability 
78 (37) -0.05 (-0.14, 0.03) -0.09 (-0.17, 0.00) 435 (37) -0.08 (-0.10, -0.06) -0.07 (-0.09, -0.05) 

Severe Disability 99 (47) -0.07 (-0.16, 0.01) -0.10 (-0.19, -0.01) 151 (13) -0.08 (-0.10, -0.06) -0.06 (-0.08, -0.03) 

Test for trend  p=0.295 p=0.104  p<0.01 p<0.01 

Pain 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.848 

Mild Disability 18 (9) -0.15 (-0.34, 0.04) -0.11 (-0.31, 0.08) 323 (27) -0.17 (-0.21, -0.13) -0.17 (-0.21, -0.13) 

Moderate 

Disability 
78 (37) -0.26 (-0.42, -0.09) -0.21 (-0.37, -0.04) 435 (37) -0.28 (-0.32, -0.25) -0.28 (-0.32, -0.25) 

Severe Disability 99 (47) -0.27 (-0.43, -0.11) -0.25 (-0.41, -0.08) 151 (13) -0.30 (-0.35, -0.25) -0.30 (-0.35, -0.25) 

Test for trend  p<0.01 p=0.002  p<0.01 p<0.01 

Happiness 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

p=0.252 

Mild Disability 18 (9) -0.05 (-0.17, 0.06) -0.08 (-0.19, 0.04) 323 (27) -0.08 (-0.10, -0.05) -0.08 (-0.11, -0.06) 

Moderate 

Disability 
78 (37) -0.09 (-0.19, 0.01) -0.13 (-0.23, -0.03) 435 (37) -0.12 (-0.14, -0.09) -0.13 (-0.15, -0.10) 

Severe Disability 99 (47) -0.10 (-0.19, 0.00) -0.14 (-0.24, -0.04) 151 (13) -0.15 (-0.18, -0.12) -0.17 (-0.20, -0.13) 

Test for trend  p=0.051 p=0.004  p<0.01 p<0.01 

Coping 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

 p=0.923 

Mild Disability 18 (9) -0.06 (-0.18, 0.06) -0.07 (-0.19, 0.05) 323 (27) -0.12 (-0.14, -0.10) -0.13 (-0.15, -0.11) 

Moderate 

Disability 
78 (37) -0.11 (-0.21, -0.01) -0.13 (-0.24, -0.03) 435 (37) -0.16 (-0.18, -0.14) -0.17 (-0.19, -0.15) 

Severe Disability 99 (47) -0.16 (-0.26, -0.06) -0.18 (-0.28, -0.08) 151 (13) -0.19 (-0.22, -0.17) -0.21 (-0.24, -0.18) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 
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Table 5.3. Associations between disability severity and HRQoL (HSUVs, super dimension and individual dimension) scores by MS onset type 
 Progressive onset MS Relapse onset MS   

Disability group n (%) 
Unadjusted coefficients 

(95% CI) 

Adjusted coefficients 

(95% CI) a 
n (%) 

Unadjusted coefficients 

(95% CI) 

Adjusted coefficients 

(95% CI) a 

p-value 

for interaction by 

onset type b 

Relationships 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

 p=0.853 

Mild Disability 18 (9) -0.16 (-0.26, -0.07) -0.18 (-0.28, -0.09) 323 (27) -0.14 (-0.16, -0.11) -0.14 (-0.16, -0.12) 

Moderate 

Disability 
78 (37) -0.22 (-0.30, -0.14) -0.25 (-0.34, -0.17) 435 (37) -0.22 (-0.25, -0.20) -0.23 (-0.25, -0.21) 

Severe Disability 99 (47) -0.29 (-0.36, -0.21) -0.32 (-0.40, -0.24) 151 (13) -0.29 (-0.31, -0.26) -0.29 (-0.32, -0.27) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 

Self-worth 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

 p=0.155 

Mild Disability 18 (9) -0.12 (-0.25, 0.01) -0.14 (-0.26, -0.01) 323 (27) -0.10 (-0.12, -0.07) -0.11 (-0.13, -0.08) 

Moderate 

Disability 
78 (37) -0.14 (-0.25, -0.03) -0.17 (-0.28, -0.06) 435 (37) -0.16 (-0.19, -0.14) -0.18 (-0.20, -0.15) 

Severe Disability 99 (47) -0.19 (-0.29, -0.08) -0.22 (-0.33, -0.11) 151 (13) -0.23 (-0.26, -0.20) -0.26 (-0.29, -0.22) 

Test for trend  p<0.01 p<0.01  p<0.01 p<0.01 

Mental Health 

No Disability 11 (5) Reference Reference 264 (22) Reference Reference 

 p=0.448 

Mild Disability 18 (9) -0.06 (-0.17, 0.04) -0.08 (-0.18, 0.03) 323 (27) -0.07 (-0.09, -0.05) -0.08 (-0.10, -0.05) 

Moderate 

Disability 
78 (37) -0.05 (-0.14, 0.04) -0.08 (-0.17, 0.01) 435 (37) -0.10 (-0.12, -0.07) -0.11 (-0.13, -0.09) 

Severe Disability 99 (47) -0.05 (-0.14, 0.03) -0.10 (-0.18, -0.01) 151 (13) -0.09 (-0.12, -0.06) -0.11 (-0.14, -0.08) 

Test for trend  p=0.480 p =0.039  p<0.01 p<0.01 

Notes: No disability includes Expanded Disability Status Scale (EDSS) level 0, Mild includes EDSS levels 1–3.5, moderate includes levels 4–6 and severe includes levels 

6.5–9.5. 
a The values were adjusted for age, sex, disease modifying therapy (DMT) usage status, and duration of MS since diagnosis. 
b p-values of interaction terms (between disability severity and HRQoL by MS onset type) were calculated using the adjusted coefficients.  

Negative coefficients indicate worsening of the health-related quality of life (HRQoL). Values in bold font denote statistical significance. 

Disability severity was not available for 4 and 5 respondents with progressive onset MS and relapse onset MS, respectively.  

MS= multiple sclerosis; AQoL-8D = Assessment of Quality of Life-8 Dimensions. 
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Figure 5.2 showed the adjusted mean HSUVs, individual and super-dimensional scores by 

disability severity. Adjusted mean HSUVs were substantially lower among those of higher 

disability in both onset types. However, adjusted mean HSUVs did not differ significantly 

between the two onset types when stratified by disability severity. For people with no, mild, 

moderate and severe disability, the adjusted mean HSUV for PROMS/ROMS was 0.82/0.83, 

0.63/0.65, 0.56/0.54, and 0.49/0.47, respectively. Disability severity-specific mean scores 

across the two super-dimensions and eight individual dimensions of the AQoL-8D were also 

similar in the two onset cohorts (Figure 5.2). Increasing disability was negatively associated 

with all individual dimension scores. However, the mean senses and mental health score 

declined only when moving from no disability to mild disability and then remained similar 

across the mild, moderate and severe disability sub-groups. 
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Figure 5.2. The association between HRQoL of people with MS and disability severity by MS onset types (adjusted meansa [95% CIs]) 

Health State Utility Values and Super-dimensions 
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Figure 5.2. The association between HRQoL of people with MS and disability severity by MS onset types (adjusted meansa [95% CIs]) 

Individual Health Dimensions-Psychosocial Health 

   

  

 

Notes:HRQOL= health-related quality of life;  No disability includes Expanded Disability Status Scale (EDSS) level 0, Mild includes EDSS levels 1–3.5, moderate 

includes levels 4–6 and severe includes levels 6.5–9.5. 

a The values were adjusted for age, sex, disease modifying therapy (DMT) usage status, and duration of MS since diagnosis. 

MS= multiple sclerosis; AQoL-8D = Assessment of Quality of Life-8 Dimensions; 95% CI= 95% confidence interval  
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5.6 Discussion 

Our study provides a comprehensive assessment of the effects of onset type on overall and 

disability severity specific HRQoL (HSUVs and dimensional scores) in a large representative 

sample of Australians with MS, using a detailed preferentially sensitive MAUI (the AQoL-

8D). We found that the HSUVs of people with PROMS were significantly lower than ROMS, 

even when taking age, sex, disease duration and DMTs use into account, and the differences 

were largest for independent living, relationships and self-worth. Whilst increasing MS-related 

disability was negatively associated with HRQoL, our estimates by disability severity did not 

differ between the two onset types; suggesting that the disability severity-specific HRQoL 

estimates based on an overall sample of people with MS are equally valid for both MS onset 

subgroups, hence, separate HSUV inputs for economic evaluation models of each MS onset 

type are not required.  

We found that overall HSUV estimates were worse for PROMS than ROMS, which aligns 

with previous literature.4,29 Importantly, the outcomes on both the physical and psychosocial 

super-dimensions were worse in PROMS, and the differences were most pronounced in the 

individual health dimension of independent living (-0.12 units), followed by relationships (-

0.07 units), self-worth (-0.07 units) and coping (-0.04 units). This highlights the importance 

of appropriate and timely treatment and management interventions to improve the lives of 

those living with MS. Whilst no significant differences were observed between the two onset 

types on individual health dimensions of pain and senses, the mean pain scores (0.66 [PROMS] 

and 0.69 [ROMS]) were substantially lower than the mean senses scores ([0.85 [PROMS] and 

0.84 [ROMS]) in both onset types. This provided us with two key messages: first, the impact 

of MS on pain and senses scores is independent of participants’ onset type; second, MS’s 

impact on pain scores is much stronger than its impact on senses scores in both onset types; 

which aligns with our previous findings of substantially lower pain scores (0.68) than senses 

scores (0.84) in the overall sample of people with MS.25 While previous studies 

(predominantly based in Europe and the US)4,27-31 have investigated HSUVs in MS phenotype 

or onset subgroups (e.g.: PPMS vs RRMS or PROMS vs ROMS), all these studies were based 

on the EQ-5D, and none identified the physical and psychosocial drivers of inter-group HSUV 

divide.  

A higher disability severity was as expected associated with lower AQoL-8D HSUVs and 

dimensional scores in both onset cohorts, which remained after adjustment for differences in 
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age, sex, disease duration and DMTs usage status. Whilst the mean scores across two super-

dimensions and six individual dimensions (i.e.: independent living, pain, happiness, coping, 

relationships, and self-worth) exhibited a general decline with increasing disability severity; 

individual dimensions of mental health and senses followed a different pattern, showing a 

reduction from no disability to mild disability, but no further reduction after that. This suggests 

that the impact on mental health and senses is most substantial when people with MS move 

from a state of no disability to developing a MS-related disability. Therefore, early diagnosis 

and access to effective treatments to slow or prevent disability accumulation may have an 

impact on HRQoL of people with both MS onset types.2  

An important finding for health economic models was that the mean HRQoL for each 

disability level did not differ by onset type, suggesting that disability in terms of HRQoL is a 

good discriminator, and hence, the multi-state health economic models (that are often based 

on disability severity-specific HSUVs and other input parameters) do not require onset-

specific input HSUVs. Only one other study has provided (crude) EQ-5D HSUVs by disability 

severity (classified as mild, moderate and severe) for different phenotypes, suggesting 

consistently lower HSUVs in PPMS and SPMS when compared to the corresponding disease 

severity groups in RRMS.29 However, when we combined the phenotypes of RRMS and 

SPMS together into one ROMS group using the provided data, to match our MS categorization 

scheme, no statistically significant differences remained between the mean HSUVs of ROMS 

and PPMS reported in that study (Supplement 5.5).  

An important strength of our study is a large representative data set with a sufficient number 

of PROMS and ROMS cases for analyses by MS onset type. Also, we used a well-validated 

preferentially sensitive and detailed MAUI for HRQoL assessment. Our study has extended 

the scope of previous research on the topic29 in several ways by 1) addressing the limited-to-

no description of mental health, social function, energy/tiredness, sexual function, 

communication and sleep in the EQ-5D by employing a broader AQoL-8D descriptive system 

incorporating these items; 2) assessing (crude and adjusted) MS onset type HSUV differences 

by disability severity; 3) identifying the physical and psychosocial health drivers of inter-onset 

HSUV differences; and 4) departing from the conventional approach of grouping people with 

no disability (EDSS level: 0) and mild disability (EDSS levels: 1–3.5) together in one category 

of disability (EDSS levels: 0–3.5), and creating a separate category for people with no 

disability (due to potentially important differences between the two groups of participants25).  
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While our study is novel and provides important insights into the HRQoL differences between 

PROMS and ROMS, future comprehensive studies of onset specific HRQoL by disability 

severity in other parts of the world are recommended to validate our baseline findings. 

However, until that happens, the lack of country-specific data should not preclude onset-

specific health economic modelling, as based on our findings these models can use the same 

HSUV inputs for both onset types with enough degree of confidence. 

One limitation was the unavailability of MS onset type for over 11% of the respondents (6% 

‘unsure’ and 5% ‘unanswered’), which reduced our sample size and may also have introduced 

some degree of bias to our results (particularly, if the onset type distribution differed between 

this group and the rest of our sample). The validity of our MS onset categorisation based on 

patients’ self-reports might be another concern. However, the impact of this limitation is likely 

to be small as the measure of agreement between patient-reported and physician-reported onset 

phenotypes has previously been assessed in this sample at 90%, and found similar to the 

measure of agreement [90%] between two physician reports].4 Our responders were slightly 

older (+1.2 years) than non-responders which may have resulted in some degree of selection 

bias. However, the impact of any such bias on our results will be minimal both because the 

inter-group age difference (+1.2 years) was not large, and we adjusted our results for potential 

confounders that included age. Finally, we had a low number of people with PROMS in the 

no and mild disability categories, which increased the confidence intervals for effect sizes in 

these groups. 

In conclusion, our study provides significant data on overall and disability-severity specific 

HRQoL (HSUVs and dimensional) scores by MS onset types using a detailed preferentially 

sensitive MAUI (the AQoL-8D). Overall HSUVs were substantially lower in PROMS than in 

ROMS, driven predominantly by stronger impacts of MS on independent living, relationships 

and self-worth in PROMS than ROMS. Whilst increasing MS-related disability was as 

expected strongly negatively associated with HRQoL (HSUVs and dimensional scores) in both 

cohorts, HRQoL by disability severity did not differ between the two onset types; suggesting 

that future health economic models can use the same HSUV inputs for both onset types. Our 

study supports an increased and targeted support to maintain independent living, relationships, 

and self-worth and to slow disability progression in MS. 
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5.8 Supplements 

Supplement 5.1. Comparisons of the dimensions and content of multi-attribute utility instruments. 
  EQ-5D-3L EQ-5D-5L SF-6D HUI 3 15D AQoL-8D 

        

Year (preference weights available) 1995 2012 2002 2002 1989 2009 

Countries of origin Europe/UK Europe/UK UK/USA Canada Finland Australia 

Dimensions 5 5 6 8 15 8 

Items 5 5 6 8 15 
35 (25 related to 

psychosocial health) 

Response levels 3 5 4-6 5-6 4-5 4-6 

States defined 243 3,125 18,000 972,000 3.1 x 1010 2.4 x 1023 

Total time taken 1 minute 1 minute 2.5 minutes 3 minutes 4 minutes 5.5 minutes 

Physical health-related items       

Physical ability/mobility/vitality/coping/control 1 1 1 2 2 3 

Bodily function/self-care 1 1   3 1 

Pain/discomfort 1 1 1 1 1 2 

Senses    2 2 2 

Usual activities/work 1 1 1  1 4 

Communication    1 1 1 

Psychosocial health-related items       

Sleeping     1 1 

Depression/anxiety/anger 1 1 1 1 3 7 

General satisfaction      4 

Self-esteem      2 

Cognition/memory ability    1   

Social function/relationships   1   6 

(Family) role   1  1 1 

Intimacy/sexual relationships      1 

Abbreviation: 15D, 15-dimensional questionnaire; AQoL, Assessment of Quality of Life; EQ-5D, EuroQoL five-dimensions scale; HUI, Health Utilities Index; SF-6D, Short 

Form 6-dimension. 

Sources: (1) Richardson (2011). Review and Critique of Health Related Multi Attribute Utility Instruments. Centre for Health Economics. Research paper 2011(64).  
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(2) Richardson (2015). Why do multi-attribute utility instruments produce different utilities: the relative importance of the descriptive systems, scale and 'micro-utility' effects. 

Qual Life Res. 2015 Aug;24(8):2045-53. 

Supplement 5.2. The Approximate EDSS equivalents of the Patient Determined Disease Steps (PDDS)  

Patient Determined Disease Steps (Description) 

Approximate 

EDSS 

Equivalent 

Broad 

Disability 

Category 

Sample Size 

per group* 

0 (I may have some mild symptoms, mostly sensory, due to MS but they do not limit my activity or 

lifestyle) 0 No Disability 315 

1 (I have some noticeable symptoms from my MS, but they are minor and have only a small effect on my 

lifestyle) 
1 

Mild Disability  385 
2 (I don't have any limitations in my walking ability. However, I do have problems due to MS that limit 

daily activities in other ways) 

2-3 

3 (MS does interfere with my activities, especially walking. I can work a full day, but athletic or physically 

demanding activities are more difficult than they used to be. I usually don’t need to use a walking stick 

(cane) or other walking aid, but I might during an MS attack) 

4-5 

Moderate Disability 575 
4 (I can walk about 8 meters (or 25 feet) without using a walking stick (cane) or other walking aid such 

as a splint, brace, or crutch, but I may use a walking aid for greater distances) 

6 

5 (To be able to walk 8 meters (or 25 feet), I have to have a walking stick (cane), a single crutch, or 

someone to hold onto. I can get around the house by holding onto furniture or touching the walls for 

support. I may use a scooter or wheelchair for greater distances) 

6 

6 (To walk 8 meters (or 25 feet), I must have two walking sticks (canes), two crutches, or a walking frame 

(walker). I may use a scooter or wheelchair for greater distances) 

6.5 

Severe Disability 289 
7 (My main form of mobility is a wheelchair. I may be able to stand and/or take one or two steps, but I 

can’t walk 8 meters (or 25 feet), even with crutches or a walking frame) 

7 

8 (I am unable to sit in a wheelchair for more than 1 hour, and I spend most of my time in bed) 8-9 
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Supplement 5.3. Univariable analysis investigating factors associated with Health State 

Utility Values 

Regressors   

  Coefficients (P-value) 
Mild Disability  -0.166 (<0.001)** 

Moderate Disability  -0.272 (<0.001)** 

Severe Disability   -0.328 (<0.001)** 

   

Female Sex  0.024 (0.039)** 

   

Age 35-44  -0.006 (0.856) 

Age 45-54  -0.023 (0.495) 

Age 55-64  -0.054 (0.014)** 

Age 65+  -0.051 (0.012)** 

   

Using DMT(s)   0.039 (0.001)** 

Unknown DMT usage Status  0.398 (0.092) 

Progressive onset MS  -0.083 (<0.001)** 

Unknown MS onset type  -0.003 (0.885) 

MS duration>13 years  -0.041 (<0.001)** 

   
Notes: **significant at 5%,  

No disability, male sex, age<35 years, using DMTs, bout onset MS, and MS duration <=13 years were treated as 

base cases.  

No disability includes Expanded Disability Status Scale (EDSS) level 0, Mild includes EDSS levels 1–3.5, moderate 

includes levels 4–6 and severe includes levels 6.5–9.5. 

Pearson Chi-square Test to investigate the association between Disability severity and 

other variables.  

Sex (male=0, female=1) and Disability Severity 

Pearson chi2(4) = 34.039 p-value <0.001 

MS Duration (<13 years=0 and >13years=1) and Disability Severity 

 Pearson chi2(4) = 71.516 p-value <0.001 

DMT Usage Status (on DMTs =0, off DMTs=1) and Disability Severity 

 Pearson chi2(8) = 113.244 p-value <0.001 

MS onset type (relapsing=0, progressive=1) and Disability Severity 

 Pearson chi2(8) = 131.594 p-value <0.001 

Age (>35 years=0, 35-44=1, 45-54=2, 55-64=3, and 65+=4) and Disability Severity 

 Pearson chi2(20) = 230.799 p-value <0.001
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Supplement 5.4. Clinical and sociodemographic characteristics of the AMSLS 

respondents and non-respondents  

Characteristics 
Respondents 

(n=1,577) 

Non-respondents 

(n=1,586) 
p-value 

Sex    

Male % (n)  21 (339) 21 (334)  

Female % (n)  79 (1,238) 79 (1,252) 0.76 

Age group     

<35 % (n)  4 (60) 4 (70)  

35-44 % (n)  15 (237) 18 (282)  

45-54 % (n)  26 (404) 27 (437)  

55-64 % (n)  31 (495) 28 (448)  

65+ % (n)  23 (368) 21 (328) 0.03 

State/territory of residence     

New South Wales % (n)  29 (457) 32 (511)  

Victoria % (n)  27 (434) 26 (417)  

Queensland % (n)  14 (218) 15 (245)  

South Australia % (n)  9 (138) 9 (135)  

Western Australia % (n)  11 (167) 11 (172)  

Australian Capital Territory % (n)  4 (61) 2 (37)  

Tasmania % (n)  6 (90) 4 (60)  

Northern Territory % (n)  <1 (4) <1 (3) 0.37 

MS onset type    

Relapse onset MS % (n)  79 (1,178) 78 (653)  

Progressive onset MS % (n) 14 (211)  13 (108)  

Unsure % (n)  7 (100)  9 (77) 0.08* 

DMT usage status     

Yes % (n)  58 (908) N/R  

No % (n)  34 (540) N/R  

Disability severity     

No disability % (n)  20 (315) N/R  

Mild disability % (n)  24 (385) N/R  

No/mild disability % (n)  46 (700) N/R  

Moderate disability % (n)  36 (575) N/R  

Severe disability % (n)  18 (289) N/R  

MS duration since diagnosis   

Average in years (n) 15.3 (1,436) 15.2 (1,385) 0.72 

Age    

Average in years (n) 55.5 (1564) 54.3 (1565) 0.03 
Notes: MS=Multiple Sclerosis; AMSLS=Australian MS Longitudinal Study; N/R = not reported; DMT=disease 

modifying therapy 

No disability includes Expanded Disability Status Scale [EDSS] level 0), mild disability (EDSS levels 1–3.5),  

moderate disability (EDSS levels 4–6) and severe disability (EDSS levels 6.5–9.5).  

Age group, State of residence, MS onset type, DMT usage status, and disability severity was not stated for 13, 8, 88, 129 

and 13 respondents, respectively. *MS onset type was only available for 748 non-respondents.  
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Supplement 5.5, Estimating mean HSUVs for the combined group of RRMS+SPMS (ROMS)  

  RRMS SMPS PPMS RRMS+SPMS a 

  Mild Moderate Severe  Mild Moderate Severe  Mild Moderate Severe  Mild Moderate Severe  

EDSS 0–3 4–6.5 7–9 0–3 4–6.5 7–9 0–3 4–6.5 7–9 0–3 4–6.5 7–9 

n 175 63 6 26 97 37 10 50 34 201 160 43 

EQ-5D Utility 

(mean) 
0.82 0.62 0.47 0.69 0.56 0.31 0.79 0.59 0.25 0.80 a 0.59 a 0.33 a 

95% CI 0.79–0.85 0.57–0.68 0.15–0.80 0.62–0.76 0.51–0.61 0.21–0.42 0.70–0.88 0.53–0.66 0.15–0.34    

Source: Purmonen T, Hakkarainen T, Tervomaa M, Ruutiainen J. Impact of multiple sclerosis phenotypes on burden of disease in Finland. Journal of Medical Economics. 

2020;23(2):156-165. 

a Authors’ calculations based on standard formala to calculate combined mean of the two sub-groups as below: 

Mild Disabilty: [(175*0.82)+(26*0.69)]/(175+26) = 0.80 

Moderate Disabilty: [(63*0.62)+(97*0.56)]/(63+97) = 0.59 

Severe Disabilty: [(6*0.47)+(37*0.31)]/(6+37) = 0.33 
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Chapter 6: Estimation of annual probabilities of 

changing disability levels in Australians with 

relapsing-remitting multiple sclerosis 

6.1 Preface 

Chapter 6 presents Study 4 which generated the estimates of transition probabilities of 

changing disability levels in Australians with Relapsing Remitting MS by combining data 

from two well-conducted Australian longitudinal studies (n=330) to: 1, facilitate the 

constructions of Markov state-transition models of the progression of MS aimed at predicting 

long-term disease outcomes and assessing the cost-effectiveness of various interventions in 

Australian and similar populations; and 2, identify the sociodemographic and other factors 

affecting the probabilities of disability progression in MS.  

The text in this chapter has been published in Multiple Sclerosis journal (Ahmad, Hasnat, et 

al. "Estimation of annual probabilities of changing disability levels in Australians with 

relapsing-remitting multiple sclerosis." Multiple Sclerosis Journal 25.13 (2019): 1800-1808.) 

(Supplement 6A). 

6.2 Abstract 

Background: Transition probabilities are the engine within many health economics decision 

models. However, the probabilities of progression of disability due to multiple sclerosis (MS) 

have not previously been estimated in Australia. 

Objectives: Estimate annual probabilities of changing disability levels in Australians with 

relapsing-remitting MS (RRMS). 

Methods: Combining data from Ausimmune/AusLong (2003-2011) and TasMSL (2002-

2005) studies (n=330), annual transition probabilities were obtained between no/mild 

(Expanded Disability Status Scale [EDSS] levels 0–3.5), moderate (EDSS 4–6.0) and severe 

(EDSS 6.5–9.5) disability. 

Results: From no/mild disability 6.4% (95%CI: 4.7–8.4) and 0.1% (0.0–0.2) progressed to 

moderate and severe disability annually, respectively. From moderate, 6.9% (1.0–11.4) 

improved (to no/mild state) and 2.6% (1.1%–4.5) worsened. From severe, 0.0% improved to 

http://ovidsp.tx.ovid.com.ezproxy.utas.edu.au/sp-3.20.0b/ovidweb.cgi?QS2=#41
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moderate and no/mild disability. Male sex, age at onset, longer disease duration, not using 

immunotherapies greater than three months, and a history of relapse were related to higher 

probabilities of worsening. 

Conclusions: We have estimated probabilities of changing disability levels in Australians with 

RRMS. Probabilities differed between various subgroups, but due to small sample sizes, 

results should be interpreted with caution. Our findings will be helpful in predicting long-term 

disease outcomes, and in health economic evaluations of MS. 

6.3 Background 

Multiple sclerosis (MS) is an inflammatory, neurodegenerative, progressive disease of the 

central nervous system leading to increasing disability over time. The majority (85-90%) of 

people with MS are diagnosed with a clinical subtype characterised by episodes of acute 

neurological deterioration, followed by partial or complete recovery, referred to as relapsing-

remitting MS (RRMS).1 MS has its onset in the most productive years of life, with typical age 

of onset between 25 and 40 years.2 The impact of MS on peoples’ lives is multifaceted, 

profoundly disrupting careers, relationships, families, and health-related quality of life 

(HRQoL).3 Transition probabilities are widely used in the assessment of disease progression 

between different levels of disease severities.4-7 Transition probabilities are numbered between 

0 and 1, where 0=impossible and 1=certain.8 Country-specific health economic evaluations of 

available treatment options guide evidence-based reimbursement decisions, with transition 

probabilities an important input to modelled evaluations.4, 8  

In the medical decision analysis field, multi-state Markov models are commonly used to 

describe processes by which individuals move through a finite number of health-states in a 

unit of time.9 Markov transition probabilities are presented in the form of a matrix, which is 

often complicated to estimate.10 The probabilities of changes in disability levels (both forwards 

and backwards) due to MS have been documented in the United States and other parts of the 

world.5, 7, 11-14  

Whilst other researchers have attempted to estimate probabilities of changing disability levels 

due to ageing for the overall (not specifically MS) Australian population,15-17 probabilities of 

disability progression in Australians with MS have not been estimated. Estimation of transition 

probabilities from an Australian population of people with the most common form of MS 

(RRMS) at varying levels of disability severity will be useful not only to predict disease 
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outcomes, but also to assess the cost-effectiveness of various MS interventions in Australian 

and similar populations. We aimed to bridge this important gap by utilising data from two 

longitudinal epidemiological studies of Australians with MS, and to investigate the impact of 

baseline characteristics on transition probabilities to identify people with RRMS who are more 

likely to progress or improve disability states. 

6.4 Materials and Methods 

6.4.1 Studies Design  

Data from the Ausimmune Longitudinal Study (AusLong) and Tasmanian MS Longitudinal 

study (TasMSL) were combined to estimate the probabilities of RRMS progression and to 

adjust these probabilities for important risk factors. The Ausimmune/AusLong Study included 

279 people with a first clinical diagnosis of central nervous system demyelination, about 69% 

and 75% of whom had converted to MS by 2/3-year review and 5-year review, respectively.18 

Participants were recruited as part of the Ausimmune case-control study between 2003-2006, 

and have been followed up in the AusLong study.19 Face-to-face assessments occurred in the 

Ausimmune Study at baseline and 2/3-year reviews, and in the AusLong Study at year 5; year 

10 reviews are in progress. The analysis presented here includes data from entry into the 

Ausimmune Study (“study entry”) until the 5-year (AusLong) review. Of all 

Ausimmune/AusLong cases, 258 had an eventual diagnosis of relapsing-onset disease type. 

Of those, 169 participants had a “classic first demyelinating episode (FDE)”, with their initial 

onset event occurring just prior to study participation. The remaining 89 participants had their 

initial onset event in the more distant past, but this was not recognised at that point as a FDE. 

The Ausimmune Study was approved by nine regional Human Research Ethics Committees, 

with informed consent from all study participants obtained prior to participation.18, 19 The 

AusLong Study was approved by five regional Human Research Ethics Committees. 

The TasMSL Study is a prospective cohort study of 198 prevalent cases with definite MS 

living in Tasmania, Australia.20 Of all TasMSL cases, 149 had RRMS at onset. The TasMSL 

Study followed people with MS for an average of 2.3 years (from 2002 to 2005), with face-to-

face reviews every six months (for patient interview, collection of biological samples, and 

clinical assessments). Clinical disability and cognitive function were assessed at annual 

review, while relapses were reported in real time by telephone. Ethics approval was obtained, 

and informed consent from all study participants prior to participation.21  
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6.4.2 Data setup and cleaning  

We combined both datasets (n=407 with RRMS) to calculate probabilities and adjust for 

important covariates. Expanded Disability Status Scale (EDSS) is the most widely used scale 

to quantify disability in MS.22 EDSS scores were available for at least three time points for the 

majority of our aggregate sample. The details on how EDSS was measured for each study are 

provided elsewhere.21, 23 In line with previous studies in the health economics of MS,3, 24-27 we 

classified participants into three broad disability groups based on their EDSS scores: no/mild 

disability (EDSS 0-3.5), moderate disability (EDSS 4-6.0), and severe disability (EDSS 6.5 to 

9.5). Our analysis excluded cases with EDSS data missing at two or more time points (n=25, 

16 from AusLong). We also excluded the 47 AusLong Study participants who had not 

converted to MS by 5year review. We further excluded five cases from the remaining sample 

that had severe disability at baseline to avoid any doubts whether these patients could be 

classified as RRMS at inclusion, leaving 330 cases in this analysis. 

6.4.3 Measurement of covariates 

Age, sex, disease duration from symptom onset, and immunotherapy usage were available at 

study entry. In order to investigate the impact of individual characteristics of our sample on 

transition probabilities, we created four binary covariates: age (age≥41.0 years at study 

entry=1, and 0 otherwise); sex (1=female and 0=male); disease duration from symptom onset 

(≥5.2 years at study entry=1, and 0 otherwise); and immunotherapy usage (on-treatment 

greater than 3 months during the study=1, and 0 otherwise). The binary cutpoints for age and 

disease duration were based on variable means (Table 6.1). Notably, the mean and median age 

of our sample were the same (41 years). However, the median disease duration of our sample 

(1.1 years) was much smaller. Because the median based cutpoint did not make a lot of 

theoretical sense, we opted to go for a mean based cutpoint (5.2 years) for disease duration 

(and also for ‘age’ to stay consistent). A further binary variable ‘relapse’ was created (1 = 

history of relapse, and 0 otherwise) to discriminate between people with and without a history 

of relapse during the study period. 
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Table 6.1. Demographic and Other Features of the Study Sample by MS Severity  

Variable Names Descriptive Statistics 

 No/Mild (n=279) Moderate (n=51) Severe (n=0) Total  (n=330) 

Female (%) 220 (79%) 40 (78%) N/A 260 (79%) 

Mean age at first EDSS measurement, years (SD) 39.2 (9.8) 50.0 (9.9) N/A 40.9 (10.6) 

Median age at first EDSS measurement, years (IQR) 39.0 (33.0–46.0) 49.0 (43.0–57.0) N/A 41.0 (34.0–48.0) 

Mean EDSS score at first measurement, (SD) 1.5 (1.0) 4.4 (0.9) N/A 2.0 (1.5) 

Median EDSS score at first measurement, (IQR*) 1.5 (1.0–2.0) 4.0 (3.5–5.0) N/A 2.0 ( 1.0–2.5) 

Mean duration of MS from symptom onset to study entry, years 

(SD) 
3.6 (5.7) 13.3 (12.0) N/A 5.2 (7.9) 

Median duration of MS from symptom onset to study entry, years 

(IQR) 
0.9 (0.3–4.0) 12.0 (3.0–20.0) N/A 1.1 (0.4–7.0) 

Had relapse during study period** (%) 214 (77%) 31 (61%) N/A 245 (74%) 

Any use of immunotherapy greater than 3 months during the study 

(%) 
116 (42%) 38 (75%) N/A 154 (47%) 

No/Mild severity includes Expanded Disability Status Scale (EDSS) levels 0–3.5; moderate includes 4–6.0; severe includes levels  6.5–9.5. 

*Interquartile range  

** Study period varied from individual to individual (2 to 5 years) 
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6.4.4 Analysis 

We fitted a 3-state continuous-time Markov model to describe the progression of RRMS under 

the assumption of time-homogeneity.5, 6, 12, 28, 29 30 The analysis was performed using the ‘msm’ 

package for R,9 fitting a multi-state model based on panel data under a continuous-time 

Markov model. First, we combined data on a selected set of variables from the TasMSL and 

AusLong databases. Second, we defined a 3x3 matrix of transition intensities based on the 

disability categories considered, and specified the allowable transition. Any health state was 

allowed to transit to itself, or to the next or previous levels. Third, we used the ‘msm’ 

numerical procedure to find the maximum likelihood estimates of transition intensities.9 

Annual transition probabilities were calculated by taking the matrix exponential of the 

resultant scaled transition intensity matrix.9 Notably, our probabilities estimates are not just 

the numbers of transitions with specific outcomes divided by the total number of transitions at 

risk as this simple procedure fails to account for the irregular follow-up times (between 1 and 

3 years in our data). Our choice of a state-transition Markov model suitable for longitudinal 

data analysis overcomes this problem by enabling the scaled maximum likelihood estimates 

of transition intensities on the face of intermittently observed short-term data. 9  

In the next step, we adjusted the transition probabilities for age, sex, and relapse history. 

Disease duration was excluded from this stage of analysis due to being positively correlated 

with age. Furthermore, the immunotherapy history was excluded due to being positively 

correlated with relapse history. The effects of covariates were modelled under the proportional 

intensities assumption.31 Covariates were assumed to be constant between the observation 

times of the Markov process. The covariate-adjusted transition intensity matrix was obtained 

by treating the baseline transition intensities as a log-linear function of covariates.9 Bootstrap 

confidence intervals (CIs) were obtained for the overall transition probability matrices. 

Separate transition probability matrices were next derived for each category of the five binary 

covariates based on univariate models. Numerical overflow (as a result of the small sample 

sizes) prevented estimation of CIs for transition probability matrices for these subgroups. 

Importantly, because death due to MS in RRMS phase is not very likely,32 probabilities of 

death were not calculated. 

We undertook two sensitivity analyses to exclude the potential bias that could be introduced 

if the measured EDSS reflected a recent or current relapse. The disability level of “classic 

FDE” cases was theoretically zero the day before their FDE. We therefore set their disability 
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level as no/mild at study entry. For those who had an unrecognised previous event sometime 

in the past, we could not make that assumption and used the measured EDSS at study entry. 

Examination of the data showed that there were only 3 of the 85 cases with prior events who 

had a disability state at study entry that was more severe than their disability state at next 

review. We undertook a sensitivity analysis excluding these cases to determine the extent of 

any potential bias. A second issue that we identified was that 28 people with MS reported 

having a relapse at the time of disability assessment; again there was a possibility of relapse-

induced increase in their disability. However, examination of the data for most of these 

individuals (25 out of 28) showed that the EDSS category was not higher during the relapse 

compared to pre-relapse. A further sensitivity analysis was undertaken by excluding the three 

cases where it may have been an issue.  

6.5 Results 

An aggregate sample of 330 participants provided evaluable data (1,297 person-years of 

follow-up and 660 year-to-year transitions, on average 2 per person). Just over three-quarters 

of the participants were women (79%) (Table 6.1). Males were slightly older than females (42 

versus 40 years) at study entry. Additionally, the moderately disabled group on average was 

more than 11 years older than the no/mildly disabled. Average duration of MS disease was 6.2 

years for men and 4.9 years for women. The mean study entry EDSS for the moderately 

disabled group (4.4) was higher than for the no/mildly disabled (1.5) groups. Mean duration 

of MS differed as expected between the no/mildly disabled and moderately disabled groups, 

with the moderately disabled group having the disease duration of 13.3 years (on average 10 

years longer than no/mild group). Eighty-five percent, and 15% of our sample had no/mild and 

moderate disability respectively at study entry. 

Table 6.2 shows the total number of transitions from any one disability state to the others. 

Most participants remained in their study entry disability states throughout the follow-up 

period. On 61 occasions, a transition was observed from no/mild to moderate disability state, 

while only on 1 occasion was there an observation of severe disability following a no/mild 

disability observation. On a small number of occasions, an observation of moderate disability 

was followed by one of no/mild disability or severe disability. There was no transition 

observed from severe state (to moderate and no/mild states). 
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Table 6.2. Total number of transitions between 3 health states during the study period 

 To 

 No/Mild Moderate Severe 

From 

No/Mild 460 61 1 

Moderate 9 120 6 

Severe 0 0 3 

Notes: No/Mild severity includes Expanded Disability Status Scale (EDSS) levels 0–3.5; moderate includes 4–

6.0; severe includes levels 6.5–9.5. 

261, 63 and 7 people with MS contributed 0, 1 and 2 year-to-year transitions, respectively.  

The baseline unadjusted transition probabilities as well as covariate-adjusted transition 

probabilities are presented in Table 6.3. From the covariate-adjusted transition probability 

matrix, the no/mild disability group had a 6.4% probability of transitioning to the moderate 

state, a probability of less than 1% of transitioning to a severe state, and a probability of 93% 

of remaining in the no/mild disability state one year later. The moderate disability group was 

more than twice as likely to improve to the no/mild state (probability: 6.9%) than to progress 

to the severe state (probability: 2.6%). The severe disability group had 0% probability of 

improvement to the moderate and no/mild states. 

Table 6.3. Annual Transition Probabilities of MS Progression 

Unadjusted 

       To 

 No/Mild Moderate Severe 

F
ro

m
 

No/Mild 
0.940 

(0.923–0.954) 

0.059  

(0.045–0.075) 

0.001  

(0.000–0.002) 

Moderate 
0.067 

(0.026–0.117) 

0.900 

(0.845–0.943) 

0.030 

(0.010–0.055) 

Severe 0 0 
1.000 

(1.000–1.000) 

Adjusted* 

       To 

 No/Mild Moderate Severe 

F
ro

m
 

No/Mild 
0.934  

(0.915–0.953) 

0.064 

(0.047–0.084) 

0.001 

(0.000–0.002) 

Moderate 
0.069  

(0.010–0.114) 

0.904 

(0.864–0.978) 

0.026 

(0.007–0.048) 

Severe 0 0 
1.00 

(1.000–1.000) 
No/Mild severity includes Expanded Disability Status Scale (EDSS) levels 0–3.5; moderate includes 4–6.0; 

severe includes levels 6.5–9.5. 

*Probabilities adjusted for age, sex, and relapse rate. 
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Our sensitivity analyses (Supplemental Table 6.1) where we excluded a subset of those: 1) 

with an unrecognised previous event well before study entry and a higher disability at study 

entry than on subsequent review, and 2) having a relapse at the time of disability assessment, 

did not materially alter the key results. 

The next step was to derive separate transition probability matrices for each category of the 

five binary covariates (sex [male vs female], age at study entry [≥41.0 years vs <41.0 years], 

duration from symptoms onset [≥5.2 years vs <5.2 years], relapse [ever had relapse vs no 

relapse], and immunotherapy (greater than 3 months use of immunotherapy vs no 

immunotherapy or <3 months use). Table 6.4 reports 10 sets of transition probabilities in 

sections a, b, c, d, and e. Baseline transition intensities and the estimated hazard ratios for each 

covariate and their confidence intervals are presented in Supplemental Table 6.2. Being male 

or older, having a longer disease duration or a history of relapse, and not being on 

immunotherapy were associated with a higher likelihood of forward progression and lower 

likelihood of backward progression. For example, people aged ≥41.0 years had probabilities 

of progression of 9% (from no/mild to moderate), 0.2% (no/mild to severe), and 4% (from 

moderate to severe). By contrast, for people aged <41.0 years the comparable transition 

probabilities were 4%, 0.1% and 2.5%. Furthermore, older people were less likely to improve 

(e.g., 5% for older vs 7% for younger improved from moderate to no/mild). 
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Table 6.4. Crude Annual Transition Probability Matrices by Subgroups 

(a) Female/Male 

 No/Mild Moderate Severe 

 

No/Mild 0.940 / 0.928 0.058 / 0.069 0.001 / 0.002 

Moderate 0.064 / 0.035 0.909 / 0.923 0.027 / 0.042 

Severe  0 / 0 0 / 0 1.000 / 1.000 

(b) Young (age<41 years)/Older (age≥41 years) 

 No/Mild Moderate Severe 

 

No/Mild 0.960 / 0.908 0.039 / 0.090 0.001 / 0.002 

Moderate 0.072 / 0.051 0.903 / 0.907 0.025 / 0.042 

Severe  0 / 0 0 / 0 1.000 / 1.000 

(c) Disease Duration<5.2 years/Disease Duration≥5.2 years 

 No/Mild Moderate Severe 

 

No/Mild 0.958 / 0.765 0.040 / 0.228 0.000 / 0.007 

Moderate 0.59 / 0.050 0.929 / 0.897 0.012 / 0.052 

Severe  0 / 0 0 / 0 1.000 / 1.000 

(d) No Relapse During Study Period/Relapse During Study Period 

 No/Mild Moderate Severe 

 

No/Mild 0.943 / 0.909 0.055 / 0.090 0.001 / 0.001 

Moderate 0.068 / 0.038 0.896 / 0.947 0.036 / 0.015 

Severe  0 / 0 0 / 0 1.000 / 1.000 

(e) Immunotherapy/No Immunotherapy 

 No/Mild Moderate Severe 

 

No/Mild 0.971 / 0.864 0.028 / 0.133 0.000 / 0.003 

Moderate 0.120 / 0.028 0.867 / 0.934 0.013 / 0.038 

Severe  0 / 0 0 / 0 1.000 / 1.000 



Chapter 6 

227 

6.6 Discussion 

Our study estimated probabilities of disability progression for a sample of Australians with 

RRMS at varying levels of disability severity. Importantly, our study was based on 

longitudinal data from two well-conducted Australian MS studies to calculate transition 

probabilities. The longitudinal design should provide more accurate assessment of disability 

progression than previous cross-sectional studies, while the focus on a single disease provides 

data specific for MS rather than for the general Australian population.15, 17 We found that a 

very high proportion of people with MS remained in the same disability states across the course 

of follow-up (93% no/mild, 91% moderate and 100% severe), indicating that MS progresses 

very slowly on average. The probabilities of moving between distant disability states (from 

no/mild to severe [0.1%], or from severe to no/mild [<0.0%]) were quite low, which aligns 

with other MS progression studies.5 Moreover, similar to other studies, we found a higher 

probability of disability progression for males,33, 34 and older people with MS.35 Our findings 

regarding the higher likelihood of progression of people with longer disease duration (≥5.2 

years) support the existing evidence that considers longer disease duration as an important 

predictor of greater EDSS increase.36 Also, the higher disability progression of those with a 

relapse history in our sample is in line with the observations from other authors who found a 

positive relationship between relapses and disability progression.36-38 Finally, the lower 

probabilities of disability progression of those on immunotherapy in our sample aligns well 

with the existing evidence suggesting that immunotherapy is effective in reducing disability 

progression in people with RRMS.36, 39 

Transition probabilities of disability progression in MS have been estimated in other countries. 

The comparability of our probabilities estimates with those from other studies is, however, 

limited because these studies11, 12, 40 defined disease classes and progression of disability 

differently. For instance, the transition probabilities of experiencing and sustaining an EDSS 

score ≥3 within 5 years of study entry in 267 people with MS were found to be 0.18 for people 

with baseline EDSS ≤1 and 0.29 for a baseline EDSS=2.11 Another study classified 140 

people with MS into three disability categories, namely: no disability (EDSS ≤1.5); mild 

disability (EDSS 2–2.5); and moderate to severe disability (EDSS ≥3). 12 The study reported 

that the probability of sustained MS progression among those having no disability at baseline 

was 0.46 (for those treated with intramuscular injection [IMI] Betaferon-1a at baseline) vs 0.55 
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(for placebo). The comparable figures for those having mild disability at baseline were 0.30 

(IMI Betaferon-1a) vs 0.60 (placebo). 

Certain limitations need to be considered when interpreting our results. First, our sample was 

over-represented by Tasmanian people with MS and did not include any participants from 

Western Australia, South Australia, the Australian Capital Territory, or the Northern Territory. 

Second, the AusLong Study is comprised of people in the early phase of MS. Thus, many 

participants in our analysis had low EDSS scores (i.e. EDSS<3) at study entry, with people 

with no/mild disability levels tending to have lower forward progression probabilities and 

conversely a higher probability of remaining in that state.5 Third, we had low number of people 

with MS in the moderate and severe disability categories, which increased the confidence 

intervals for the estimated transition probabilities for these groups. Our future work  on 

probabilities of changing disability levels in MS will overcome this shortcoming by utilising 

the MSBASE (Neuro-Immunology Registry) cohort of greater than 75,000 people with MS 

worldwide. Fourth, transitions could be history-dependent but our model did not consider 

history of previous events (i.e., past health states or how long people have been in any 

particular health state). Fifth, by grouping the participants into 3 broad disability groups, some 

of the transitions may have been due to measurement error around EDSS cut points. Sixth, 

because of the small sample size and short follow-up period, particularly those from the 

subgroup analyses in which in some cases the likelihood of improvement is sometimes greater 

than that of progression, the results should be interpreted with caution. Seventh, transition 

probabilities may depend on treatment approaches that may differ between patients, but our 

analysis was not able to provide estimates of probabilities broken down by treatment type.  

Whilst no treatments exist to date to reverse progressive disability accumulation in MS, some 

DMTs have been shown to decrease the rate of short-term disability progression in RRMS. 44-

46  Furthermore, as the treatment type, duration and timing may differ between MS patients; 

they may have variable and dynamic disability trajectories in response to treatment.47,48  Future 

probabilities studies in MS should therefore consider not only the impact of treatment type but 

also the timing and duration of treatment(s) on disability trajectories of people with MS. 

Finally, we did not independently consider a category of “no disability” due to small numbers41 

and to match up with our previous work.3, 27 However, future work on costs, utilities, 

probabilities and modelling will attempt to split “no disability” from “mild disability” as we 

include larger sample sizes.  
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Our choice of a state-transition Markov model suitable for longitudinal data analysis aligns 

with other studies in the field that recommend transition models over standard (survival) 

models, especially given the irregular follow-up times, and intermittently missing short-term 

observed data.5, 9, 29, 42 In addition, survival analysis generally considers the EDSS changes that 

are sustained and thus may not be well-suited to studies in MS that involve both relapse and 

remission as cardinal features.5  

Whilst uncertainties exist in our results, the estimates reported in our study are consistent with 

the findings of existing literature in the field. We recommend the use of these specific 

Australian transition probabilities estimates (with some degree of caution) in the future local 

health economic evaluations due to three key reasons: 1) no alternative data are available from 

other similar nations that matches up with our previous work on costs and health utilities in 

MS3, 27; 2) transition probabilities may differ between nations due to different treatment 

patterns and hence the different intervention effects; and 3) the International Society for 

Pharmacoeconomics and Outcomes Research (ISPOR) recommends the use of locally driven 

input parameters when they are available, especially when local treatment patterns may differ 

from international data.43  

The methods that we used are capable of producing increasingly reliable results subject to the 

availability of more data. Future studies are recommended to investigate the impact of time-

varying characteristics of people with MS (when better long-term-observed data become 

available), especially given that covariate values and their effects might change substantially 

in the long-run. In addition, future probability estimates should consider history of previous 

events, and estimation of transition probabilities for progressive forms of MS. 

Conclusions 

Our study has quantified transition probabilities for an Australian sample of people with MS, 

and has demonstrated that progression of MS is slow. Furthermore, the probabilities differ 

between various sub-groups based on participants’ characteristics. Male sex, age at onset ≥41.0 

years, longer disease duration (≥5.2 years), not being on immunotherapy for greater than three 

months, and having a history of relapse increased the risk of worsening disability. Because of 

the small sample size and short follow-up period, particularly those from the subgroup 

analyses, the results should be interpreted with caution. The estimates that we have generated 

will be useful in developing a Markov state-transition model of the progression of MS to 



Chapter 6 

230 

calculate the impact of MS on life expectancy, quality adjusted life years and total lifetime 

costs of MS in Australian and similar populations. 
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6.8 Supplements 

Supplement 6A: Publication of “Chapter 6: Estimation of annual probabilities of 

changing disability levels in Australians with relapsing-remitting multiple sclerosis”
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Supplemental Table 6.1.  

 

Transition Probabilities after eliminating 3 cases with an unrecognised previous event sometime in the past and whose study entry disability state 

was more severe than their disability state at next review (n=327) 

       To 

 No/Mild Moderate Severe 

F
ro

m
 

No/Mild 
0.936  

 

0.063 

  

0.001 

  

Moderate 
0.049  

 

0.922 

  

0.029 

 

Severe 
0 

 

0 

  

1 

 

Transition Probabilities after eliminating 3 cases that reported to be having a relapse at any review and who’s EDSS category was higher during 

the relapse compared to pre-relapse (n=332) 

       To 

 No/Mild Moderate Severe 

F
ro

m
 

No/Mild 
0.937  

 

0.062 

  

0.001 

  

Moderate 
0.071 

 

0.900 

  

0.028 

 

Severe 
0 

 

0 

  

1 

 

  



Chapter 6 

244 

Supplemental Table 6.2. Baseline transition intensities and hazard ratios for each covariate 

  

Baseline Transition Intensities  Hazard Ratios* 

Unadjusted Adjusted  Sex Age Disease Duration Relapse history Immunotherapy usage history 

 (1) (2) (3) (4) (5) (6) (7) 

No/mild– No/mild 
-0.06 

(-0.08 – -.05) 

-0.07 

(-0.09 – -.05) 
 

No/mild– Moderate  
0.06  

(0.05–0.08) 

0.07 

(0.05 –0.09) 

0.84 

(0.46–1.52) 

2.36 

(1.39–4.01) 

6.40 

(3.77–10.79) 

0.62 

(0.34–1.12) 

4.72 

(2.69–8.26) 

No/mild–Severe 
0.00  

(0.00 –0.48) 

0.00 

(0.00 –0.58) 

0.75 

(0.00–8.64e09) 

1.81 

(0.00–1.58e07) 

1.934 

(0.00–1.00e05) 

0.85 

(0.00–4.62e11) 

1.54 

(0.00–1.39e7) 

Moderate– no/mild  
0.07 

(0.04–0.14) 

0.08 

(0.05–0.14) 

1.84 

0.22–14.30 

0.95 

(0.24–3.82 

0.97 

(0.26–3.66) 

1.77 

(0.37–8.58) 

0.24 

(0.06–0.96) 

Moderate– Moderate 
-0.11 

(-0.18– -0.07) 

-0.10 

(-0.17– - 0.06) 
     

Moderate– Severe  
0.03 

(0.02–0.07) 

0.03 

(0.01–0.07) 

0.64 

(0.12–3.35) 

1.27 

(0.24–6.89) 

4.56 

(0.49–14.16) 

0.85 

(0.34–24.14) 

2.80 

(0.33–6.34) 

Severe– no/mild 
0.00 

(0.00–0.00) 

0.00 

(0.00–0.00) 
     

Severe–Moderate 
0.00 

(0.00–0.00) 

0.00 

(0.00–0.00) 
     

Severe – Severe 
0.00 

(0.00–0.00) 

0.00 

(0.00–0.00) 
     

Note: Negative baseline transition intensities indicate that the probability that someone stays in their study entry health-state decreases with time.  

*Hazard Ratios are based on univariate models. Male sex, age<41 years, disease duration<5.2 years, patients with study period relapse history, and patients on-immunotherapy-

treatment greater than three months during the study were used as reference groups in univariate models. 
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Chapter 7: Conclusions and future directions 

7.1 Preface  

In this final thesis chapter, a summary of key findings from the included studies evaluating the 

health and economic consequences of MS in Australia are reported. The chapter also provides 

a snapshot of the key strengths and limitations of this research thesis and detailed directions 

for future research.  

7.2 Overall Summary 

MS affects more than 25,600 people in Australia and remains a potentially severely disabling 

condition due to impairment of cognitive, motor, and sensory functions, with no known cure. 

MS leads to a substantial socioeconomic burden due to the combination of requirements for 

medical care and reduced employment and low individual health-related quality of life 

(HRQoL) as it affects the physical, psychosocial and other health aspects of the life of people 

with MS over time1-3 4 Understanding the nature and extent of human, economic and disability 

consequences of MS in Australia, and factors affecting these outcomes is important to facilitate 

policy development, priority setting, advocacy, and management of public health for the MS 

community.  

This thesis bridges several major evidence-gaps and provides important data on estimates of 

economic costs, HRQoL and disability impacts of MS in Australia using the best available 

data and methodological framework. We first determined the updated economic burden of MS 

in Australia and reviewed any major changes that may have occurred over time using a large 

nationally representative sample of Australians with MS. Second, we employed a detailed 

preferentially sensitive AQoL-8D instrument to understand the impact of MS on overall and 

disability severity-specific HSUVs and to evaluate the physical and psychosocial drivers of 

these HSUVs using a large representative sample of Australians with MS. Third, we provided 

a comprehensive assessment of the effects of MS onset type on overall and disability-severity 

specific HSUVs using the AQoL-8D instrument to examine if health-related quality of life (in 

terms of HSUVs and dimensional scores) differed by onset type. We further examined in 

which health dimensions the differences were most pronounced, and whether these differences 

remained when stratified by disability severity. Finally, we generated the estimates of 
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transition probabilities of changing disability levels in Australian with MS and identified the 

demographic and other factors affecting these probabilities.  

Our key finding is that while MS progresses slowly, it remains a challenging condition in 

Australia, placing a substantial toll on Australians, particularly in adults of working age who 

should be in the prime of life. While we found a significant positive association between costs 

of MS and MS-related disability severity, HRQoL decreased with increasing disability 

severity. Figure 7.1 provides an overview of costs and HSUVs presented in this thesis, and 

their relationship with disability severity, being the key determinant of MS’s health economic 

burden.  

Figure 7.1. Mean HSUVs and costs per person of people with MS by disability severity 
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Note: No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/mild includes EDSS levels 

0-3, Moderate includes 4 – 6, and Severe includes levels 6.5 – 9.5. HSUV = health state utility values (0=dead, 

1= perfect health) 

The updated and detailed results presented in this thesis are vital to improve our understanding 

of the key drivers of the health economic burden of MS and MS-related disability progression 

in Australian and similar populations. Findings of the thesis are also imperative for the ongoing 

development and refining of a gold-standard health economics model of MS (currently under 

construction by our research group) for the estimation of life expectancy, quality-adjusted life 

years, and total lifetime costs, and to identify cost-effective MS interventions in Australian 

and similar populations. 

The key findings of this thesis are summarised in the following sections. Also, given in the 

following sections are the key recommendations based on this thesis’s findings.  
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7.2.1 The increasing economic burden of MS in Australia and its key 

determinants 

Study one (reported in Chapter 3) provided a comprehensive contemporary analysis of the 

updated societal (direct and indirect) costs of MS in Australia, broken down by key cost 

categories, sub-categories, and disability severity; and provide a direct comparison of updated 

MS-related costs with the previous Australian evidence to know how the cost landscape is 

changing for Australians with MS. We found that annual total per person costs of MS increased 

by 17% from $58,652 in 2010 to $68,382 in 2017, driven largely by increased costs of DMTs 

and offset by decreased costs of lost wages and decreased informal care costs. Total cost for 

all people with MS in Australia in 2017 was a staggering $1.75 billion, an increase of 41% 

from 2010. The increase in economic costs of MS Australian community is due to both the 

increase in costs per person of MS in Australia, as well as the increasing number of Australians 

with MS from 21,283 in 2010 to 25,607 in 2017.  

The largest total cost component were the direct costs (44%, $30,346), with prescription 

medications representing 55% of the direct MS-related costs. Indirect costs due to lost wages 

comprised the second largest portion of the overall costs of illness of MS (32%, $21,858), 

representing per person loss of wages due to early retirement/employment status 

change/occupation change). Other important cost components included the informal care costs 

(10%, $7,144), nursing home costs (9%, $6,343) and the indirect costs from lost productivity 

(4%, $2,691), representing absenteeism and presenteeism costs.  

We found a significant positive association between disability severity and MS costs. Annual 

total costs increased by 276% from $30,561 for people with MS with no disability to $114,813 

for people with severe disability. The direct per person costs of MS also exhibited a steady 

increase with increasing disability severity. The prescription medications were the largest 

direct cost component for all disability classes.  

A sizable shift between various components of MS-related costs was observed due to the 

changing MS management landscape over time. For instance, direct costs/person in 2017 

($30,346) nearly doubled from 2010 ($16,306). Whereas the indirect costs from lost wages 

declined from $29,030 (49% of the total costs) in 2010 to 21,858 (32% of the total costs) in 

2017. Despite a doubling of direct costs between 2010 and 2017, the overall increase in per 

person costs between the two periods was less than $10,000. Consistent with previous findings 
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of the economic benefits of effective treatment for people with MS,5,6 we expect that the 

availability of more recent higher efficacy DMTs, timely and better healthcare, and 

individualised care pathways, are likely to be the key contributing factors behind this change.  

In conclusion, the study provides an evidence based, holistic and rigorous platform to raise 

awareness and increase advocacy regarding the increasing costs of MS, particularly as disease 

severity increases. Importantly, the disability severity-specific MS-related cost estimates 

obtained through this research study will facilitate the construction of future health economic 

models of MS for Australians and similar populations at varying levels of disability severity. 

While there is a shift towards improved overall outcomes in terms of employment and reduced 

need for informal care, MS continues to represent a serious economic burden for people with 

MS and the Australian community. Further improvements in the management and care of MS, 

and interventions aimed at preventing/slowing the progression of disability in MS, have the 

potential to substantially reduce the economic burden of MS.  

7.2.2 The impact of MS on HSUVs, and physical and psychosocial 

health of Australians with MS  

As a complete understanding of the burden of MS is not possible without examining its impacts 

on health-related quality of life, Study 2 (reported in Chapter 4 of this thesis) investigated 

HSUVs and the unique composite individual and super dimensional (physical and 

psychosocial) scores in a large, representative sample (n=1,577) of Australians with MS using 

a detailed and sensitive (AQoL-8D) instrument. The estimates were compared to Australian 

general population norms and broken down by disability severity. Mean overall HSUV at 0.61 

(95% confidence interval [CI]: 0.60-0.62) was 0.18 units lower than the Australian population 

norm. HSUV decreased with increasing disability severity: 0.81 (95% CI: 0.80-0.83), 0.65 

(95% CI: 0.63-0.67), 0.54 (95% CI: 0.52-0.56) and 0.48 (95% CI: 0.46-0.50) for no, mild, 

moderate, and severe disability, respectively. Those with no disability reported a HSUV that 

was similar to the general Australian population. The mean Physical super-dimension score of 

0.57 (95% CI: 56-0.58) was 0.21 units lower than the Australian norm and the Psychosocial 

super-dimension of 0.33 (95% CI: 32-0.34) was 0.16 units lower. The difference in the 

individual dimension scores was largest for Independent Living (-0.23), followed by Pain (-

0.15), Relationships (-0.13), Coping (-0.12) and Self-worth (-0.12), suggesting that a 

substantial reduction in the mean HSUVs and composite super-dimension scores was 
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primarily driven by reduced scores in these domains. The mean scores across eight individual 

dimensions and two super-dimensions of the AQoL-8D exhibited a general decline with 

increasing disability severity. Those with no disability reported similar scores to the general 

Australian population in individual dimensions of independent living, senses, pain, happiness, 

coping, relationships, self-worth and mental health, and physical and psychosocial super 

dimensions. The disability severity specific HSUVs generated through this research will be 

used as input in the future health economic models of MS in Australia and similar populations.  

In conclusion, this study of a nationally representative sample has shown that MS impacts all 

facets of HRQoL of people with MS, most notably, the health domains of independent living, 

pain, coping, relationships, self-worth and coping. We also found that a significant negative 

association between the mean HSUV and disability severity remained even after taking other 

factors into account. Therefore, early diagnosis and affordable access to effective treatments 

to slow or prevent disability accumulation may have an impact on HRQoL of people with MS 

by keeping them in the no disability category for longer. The use of effective interventions to 

manage pain and supporting people with MS to maintain independent living, relationships and 

self-worth may also be of a significant help.  

7.2.3 The impact of MS onset type on HSUVs, and physical and 

psychosocial health  

As the impact of MS on HRQoL is likely to vary between people with progressive onset MS 

and those with relapse onset MS, Study 3 (reported in Chapter 5) comprehensively examined 

the nature and extent of the overall and disability-severity specific inter-MS-onset HRQoL 

differences. The study reported HSUVs and the unique composite ‘super-dimension’ and 

‘individual dimension’ scores (crude, age, sex, disease duration and disease modifying 

therapies use adjusted; and stratified by onset type and disability severity) for a sample of 

1,577 participants in the AMSLS, using the AQoL-8D.  

It was found that the HSUVs of people with progressive onset MS were significantly lower 

than those with relapse onset MS, even when taking age, sex, disease duration and DMTs use 

into account; and driven predominantly by stronger impacts of MS on independent living, 

relationships, and self-worth in progressive onset MS than relapse onset MS. Whilst the mean 

HRQoL (HSUVs and dimensional) scores exhibited a general decline with increasing 

disability severity in both cohorts, the mean HRQoL scores for each disability level did not 
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differ by onset type. This suggested that disability in terms of HRQoL is a good discriminator, 

and hence, the multi-state health economic models of MS can use the same HSUV inputs for 

both onset types.  

While our study provided important and novel insights into the HRQoL differences between 

the two onset cohorts, future comprehensive studies of onset-specific HRQoL by disability 

severity in other parts of the world are recommended to validate our baseline findings. 

However, until that happens, the lack of country-specific data should not preclude onset-

specific health economic modelling, as based on our findings these models can use the same 

HSUV inputs for both onset types with enough degree of confidence.  

Our study supports an increased and targeted support to maintain independent living, 

relationships, and self-worth in MS. An early diagnosis and access to effective treatments to 

slow or prevent disability accumulation may also have an impact on HRQoL of both MS onset 

cohorts. The development of effective interventions is particularly needed for progressive 

forms of MS.  

7.2.4 Estimating the annual probabilities of changing disability 

levels in Australians with MS 

As we noted in studies 1, 2 and 3 that MS leads to increasing disability overtime that associates 

strongly with the human and economic burden of MS, therefore, the development of health 

economic models to predict long-term disease outcomes and to evaluate policies for the 

treatment of chronic illnesses such as MS is not possible without having a knowledge of the 

probabilities of MS-related disability progression. However, the probabilities of progression 

of disability due to multiple sclerosis (MS) have not previously been estimated in Australia. 

The study 4 (reported in Chapter 6) of this thesis bridged this important gap by utilising data 

from two longitudinal epidemiological studies of Australians with MS, and to investigate the 

impact of baseline characteristics on transition probabilities to identify people with MS who 

are more likely to progress or improve disability states. 

We found that a very high proportion of people with MS remained in the same disability states 

across the course of follow-up (93% no/mild, 91% moderate and 100% severe), indicating that 

MS progresses very slowly on average. The probabilities of moving between distant disability 

states (e.g.: from no/mild to severe: 0.1%) were quite low, which aligned with other MS 

progression studies. The probabilities differed as expected between various subgroups based 
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on participants’ characteristics. Being male or older, having a longer disease duration or a 

history of relapse, and not being on immunotherapy were associated with a higher likelihood 

of forward progression and lower likelihood of backward progression. 

Estimates presented in Chapter 6 will be useful in identifying and managing the groups of 

people with MS who are more susceptible to disability impacts of MS, and in developing 

health economic models aimed at predicting long-term disease outcomes and identifying cost-

effective health interventions for Australians and similar MS populations with alternative 

demographic and clinical profiles. Because this study was based on a small sample size and 

short follow-up period, we recommend a cautious use of these estimates in future health 

economic models. 

7.3 Strengths and limitations  

7.3.1 Key strengths  

The studies presented in this thesis have major strengths that are summarised in this section. 

The key strength of the studies 1, 2 and 3 of this thesis is a national representative sample of 

people with MS that enabled the provision of precise estimates of costs and HRQoL impacts 

of MS in Australia. The second key strength of these studies is the use of comprehensive 

AMSLS surveys that captured detailed information on MS-related costs and HRQoL 

outcomes. Despite the uncertainties facing the results of study 4 due to small sample size and 

short follow-up periods, the study is first to quantify transition probabilities for changing 

disability levels in Australians with MS.  

Specific strengths of study 1 (reported in Chapter 3) included a large representative sample, 

comprehensive coverage of MS-related (direct and indirect) costs using bottom-up costing 

approach, breakdown of cost estimates by key cost categories and sub-categories, minimal 

possibility of recall bias, and comparison with previous Australian evidence to know how 

landscape is changing for Australians with MS. Specific strengths of study 2 (reported in 

Chapter 4) of this thesis included a large representative sample, a comprehensive assessment 

of the effects of MS on overall and disability-severity specific HRQoL (HSUVs and 

dimensional scores) in Australians with MS, the use of a well-validated, sensitive and detailed 

(AQoL-8D) instrument to capture and assess the complex physical and psychosocial health 

aspects of people with MS that are relatively neglected, and the identification of key health 

domains that should be attended to improve HRQoL of people with MS. A few key strengths 
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of study 3 (reported in Chapter 5 of this thesis) included a large representative sample with 

sufficient number of progressive onset and relapse onset cases to perform HRQoL analysis by 

MS onset type, the use of a well-validated, sensitive and detailed (AQoL-8D) instrument, a 

comprehensive assessment of the effects of MS onset type on overall and disability-severity 

specific HRQoL (HSUVs and dimensional scores) in Australians with MS, and the 

identification of the physical and psychosocial health drivers of inter-onset HSUV differences.  

Key strengths of study 4 (reported in Chapter 6) included the first data on transition 

probabilities of changing disability levels in Australians with MS, a flexible method that can 

produce increasingly reliable results subject to the availability of more data, and the 

identification of patient cohorts that are more likely to progress or improve disability states to 

optimize the disability management in MS.  

7.3.2 Key limitations  

Several limitations face our research studies that should be acknowledged as well. First, the 

results presented in studies 1, 2 and 3 may suffer from some degree of selection bias due to 

high non-response in the surveys. However, when we compared responders with non-

responders, they were largely similar. The only difference was in age, with respondents 

slightly older (+1.2 years) than non-responders in studies 2 and 3. Given the results in these 

studies were based on highly representative samples and that we adjusted our results for a set 

of potential confounders including age, we believe the impact of selection bias will be 

minimal. Second key limitation facing studies 1, 2 and 3 was the unavailability of direct 

clinical measures of disability levels, which resulted in the use of self-reported PDDS scores 

to calculate approximate EDSS scores to categorize disability. However, we believe our 

disability categorization was appropriate as the PDDS is a validated instrument to measure 

disability in MS and correlates strongly with the EDSS (r=0.78).7 The validity of MS onset 

categorisation based on patients’ self-reports in Study 3 may be another important concern. 

However, the impact of this limitation is likely to be small as the measure of agreement 

between patient-reported and physician-reported onset phenotypes has previously been 

assessed in this sample at 90%, and found similar to the measure of agreement [90%] between 

two physician reports].8 Finally, the sample used in Study 4 to estimate transition probabilities 

of disability progression had relatively small number of participants that were followed-up for 

a maximum period of 5 years, which may make our results relatively uncertain. Study 4 also 

could not independently consider a category of ‘no disability’ due to small numbers and 
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categorized people with no disability and mild disability together in one category of disability 

(namely, no/mild disability). 

7.4 Future Research Directions 

This thesis’s key contribution is to generate essential key disability severity-specific 

parameters that are needed in the future health economic modelling of MS in Australian and 

similar populations. Whilst findings from studies included in this thesis have provided detailed 

information on the nature and extent of the health economic burden of MS and its key 

determinants in Australia, a substantial avenue to extend the current boundaries of knowledge 

in this area of enormous importance remains. Listed below are the key areas where more 

research is needed.  

7.4.1 A comprehensive assessment of the effects of MS onset type 

on overall and disability severity-specific costs of MS 

While Study 1 (reported in Chapter 3) of this thesis has comprehensively investigated the 

economic impacts in overall samples of people with MS, similar research in sub-groups of MS 

types has not be performed in Australia. More research is therefore needed to assess the nature 

and extent of the direct and indirect cost differences between MS onset types and to obtain 

disability severity and onset-specific mean costs to guide input choices in the future health 

economic evaluation models of each onset type.  

7.4.2 A comprehensive assessment of the indirect costs of MS and 

factors associated with these costs 

While Study 1 (reported in Chapter 3) of this thesis has reported the mean costs from lost 

wages for Australians with MS using sex and occupation-specific estimates of their average 

weekly income, a comprehensive assessment of indirect costs of MS (including the costs from 

lost wages, absenteeism and presenteeism) and the investigation of the key socioeconomic, 

demographic, clinical and other determinants (e.g., age, sex, education level, disease duration, 

MS type,  and disability severity) of these costs using cross sectional as well as the longitudinal 

data was not performed. Therefore, future comprehensive studies to comprehensively 

investigate indirect costs of MS and factors associated with these costs are recommended.  
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7.4.3 A Head-to-Head Comparison of the AQoL-8D and other Multi-

Attribute Utility Instruments to inform the optimal choice of 

instrument for assessing HSUVs in people with MS 

While Studies 2 and 3 (reported in Chapters 4 and 5) provided a comprehensive assessment of 

the HSUV impacts of MS, studies did not investigate the impact on HSUVs when switching 

the valuation technique from AQoL-8D to other alternatives (e.g.: EuroQoL-5-Dimension 

[EQ-5D-5L or 3L], Short-Form-6-Dimension [SF-6D], Health Utilities Index Mark 3 [HUI3] 

and Multiple Sclerosis Quality of Life [MSQoL]-54). As these instruments are far from 

identical in terms of their descriptive systems and covered health states, their sensitivity in 

capturing and assessing the complex physical and psychosocial aspects of HRQoL may also 

differ from each other. Therefore, HSUV estimates may also differ between these alternative 

MAUIs, and can have consequences for health economic evaluations. A ‘head-to-head’ 

comparison of the AQoL-8D and other instruments is therefore important to assess the extent 

to which these alternative MAUIs are interchangeable. The assessment of ceiling and floor 

effects associated with the alternative MAUIs supplemented with dimension-to-dimension 

comparisons can be of considerable help in identifying the discriminatory HRQoL aspects and 

informing the optimal choice of instrument for assessing HSUVs in MS. This project is 

currently underway. 

7.4.4 Comprehensive assessment of the effects of MS on transition 

probabilities of changing disability levels in MS. 

While Study 4 (reported in chapter 6) has generated estimates of the probabilities of changing 

disability levels in RRMS that can be used in developing Markov state-transition models of 

the progression of MS, the estimates−particularly those from subgroup analyses−suffered from 

uncertainty owing to small study sample (n=330) with short (up to 5 years) follow-up period. 

The study also could not independently consider a category of ‘no disability’ due to small 

numbers and categorized people with no disability and mild disability together in one category 

of disability (namely, no/mild disability). Finally, transition probabilities may be influenced 

by treatment approaches that may differ between patients and over time, but study 4’s analysis 

was not able to provide estimates of probabilities broken down by treatment type. Furthermore, 

the assessment of the effects of type, duration, and timing of treatment on disability trajectories 

of people with MS was not performed in study 4.  
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Therefore, future comprehensive studies to investigate MS related disability progression based 

on better long-term observed data are recommended. Future probabilities estimates should 

consider the impact of different treatments as transition probabilities may depend on treatment 

approaches that may differ between patients. The assessment of disability trajectories of 

people with MS in response to timing, duration and types of MS treatments should also be 

performed.  Future studies should also consider the impact of time-varying characteristics of 

people with MS as the covariate values and their effects might change substantially in the long 

term. Future work on transition probabilities should also attempt to split ‘no disability’ from 

‘mild disability’ as the larger samples become available. Finally, the estimation of transition 

probabilities for progressive forms of MS is needed to be used in MS onset specific health 

economic models. This study is currently underway utilising the MSBASE (Neuro-

Immunology Registry) cohort of greater than 75000 people with MS worldwide. 

7.4.5 Development and validation of a gold standard health 

economic model for Australian and similar populations with MS 

Among the key contributions of the studies (1, 2, 3, and 4) included in this thesis was to 

generate key state-specific input parameters with the aim of building a gold standard health 

economic model of MS to facilitate decision-making in health policy and practice so as to 

ensure that scarce healthcare resources are not wasted on health interventions that impart a 

minimum clinical improvement compared to other available options. Robust health economic 

models are also needed to predict long term disease outcomes such as life expectancy, QALYs 

and total lifetime costs associated with MS.  

Therefore, using the key parameters generated in this research thesis, the construction and 

validation of a transparent and openly accessible health economic model of MS for Australian 

and similar populations should be achieved to ensure efficient allocation of scarce healthcare 

resources. Our research group is currently working on the generation of MS onset specific 

input parameters to be used in onset-specific health economic models of MS, so once those 

data become available the construction and validation of health economic models for each MS 

onset type should also be accomplished.  

7.5 Conclusions 

This thesis presents a range of studies that were conducted to address the substantial 

knowledge gaps in improving our understanding of the key drivers of the health economic 
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burden of MS and MS-related disability progression in Australian and similar populations. MS 

is a challenging health condition, placing a substantial toll on Australians, particularly in adults 

of working age who should be in the prime of life. While there is a shift towards improved 

outcomes in terms of employment and a reduced need for informal care, MS continues to 

represent a serious burden for people with MS and the Australian community in terms of both 

economic impact and HRQoL, particularly as disease severity increased. Therefore, 

interventions that slow or prevent the progression of MS may have a substantial impact on the 

economic costs and HRQoL of people with MS.  

The disability severity-specific estimates of MS-related costs and HSUVs, as well as the 

probabilities of changing disability levels in MS provided in this thesis can be used to populate 

future health economic models of MS for the estimation of life expectancy, quality-adjusted 

life years, and total lifetime costs, and to identify cost-effective interventions for the 

management of MS in Australian and similar populations. The unbiased and independently 

developed health economic model will help minimise the likelihood of decision-makers 

rejecting worthwhile MS interventions because of the lack of evidence about the economic 

and health-related quality-of-life benefits of these interventions. 

In conclusion, this research thesis provides an up-to-date, and reliable reference to advocate 

for an increased and targeted support for people with MS through prevention of disease onset 

and disability progression to minimise the health economic burden of MS; and to facilitate 

policy development, priority setting, advocacy, and management of public health for the MS 

community in Australian and similar populations. 
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Multiple Sclerosis (MS) is an autoimmune disease in which the myelin sheath covering nerve fibres in 
the central nervous system (brain, optic nerves and spinal cord) is damaged, leading to impairment of 
cognitive, motor and/or sensory functions.1, 2 MS has a substantial efect on health and wellbeing, as well 
as being a major economic burden to people with MS, their caregivers and family members. Progress in 
research and therapeutics has transformed the MS treatment landscape over the past few years, which 
has health economic consequences for MS in Australia.

In this report, we have set out to provide a comprehensive 
landscape analysis of MS in Australia, and how that 
landscape has changed since 2010. The report aimed to 
provide an up to date prevalence of MS in Australia for 2017, 
estimate the costs of MS in Australia from an individual and 
societal perspective, and assess the impact of MS on QoL 
using the latest available data and updated methodologies. 

Using a previously published method of estimating Australian 
prevalence of MS using data from the Pharmaceutical 
Benefits Scheme on prescriptions of MS disease modifying 
therapies (DMTs), that takes in to account the proportion of 
people with MS who use DMTs, we found that the number 
of people in Australia afected by MS in December 2017 was 
25,607 (95% confidence interval [CI]: 24,874−26,478).

The prevalence of MS is highest in Tasmania, 
and almost double that of Queensland and 
Western Australia.

Figure I. Number of people living with MS in Australia

 
This was an increase of 4,324 people with MS from 2010.  
The overall Australian prevalence of MS in 2017 was 103.7 
people with MS per 100,000 people, compared to the 2010 
prevalence of 95.5 people with MS per 100,000 people. 

Figure II. The age-adjusted prevalence per 100,000 people for the Australian states and territories. 
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2010: 18.9 
2017: 34.1
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This was an increase of 4,324 people with MS 

from 2010. The overall Australian prevalence of 

MS in 2017 was 103.7 people with MS per 

100,000 people, compared to the 2010 

prevalence of 95.5 people with MS per 100,000 people. 

Figure II. The prevalence of MS in Australian states and territories  
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The cost analysis was based mainly on data from the 
Economic Impact Survey 2016 (EIS 2016, hereater) of the 
Australian Multiple Sclerosis Longitudinal Study (AMSLS). 
The AMSLS is a validated, representative sample of over 
3,000 Australian people with MS who complete regular 
patient-reported outcome surveys. The EIS 2016 consisted 
of a baseline survey (3,163 active participants invited, 
1,577 [49.9%] responded), and a cost diary (3,163 active 
participants invited, 488 [15.5%] responded). The EIS 2016 
captured detailed information on various cost categories 
(direct and indirect) related to the management of MS and 
established the health, employment, and financial profiles of 
people with MS.

Overall, the availability of such a large, comprehensive 
and representative dataset provided the opportunity 
to determine the updated estimates of costs of MS in 
Australia from an individual and societal perspective. It also 
enabled the rigorous assessment of the impact of MS on 
QoL through health state utility values (HSUVs). We have 
segregated the costs and QoL/HSUV estimates in this report 
by disability severity (classified as no, mild, moderate, and 
severe), sex, age group, state/territory and geographical 
remoteness of residence, MS type, and DMT usage.  
 
 
 
 
 

The total costs for all people with MS in Australia in 2017 
were $1.75 billion (2017 Australian dollars), which is an 
increase of $0.51 billion compared to the $1.24 billion (2017 
Australian dollars) in 2010. 

Figure III. Total costs for all people with MS  
in Australia ($ billion), $ 2017

 

The economic cost of MS to the community  
is a staggering $1.75 billion.

The estimated average annual costs per person with MS in 
2017 were $68,382 (95%CI: 63,442–73,322).
 
Figure IV. Annual total costs of MS (per person), $ 2017 

 
Direct costs now constitute the largest 
component of the economic impact of 
MS at 44% of the total costs. Whereas 
in 2010, lost wages were the largest at 
49% of the overall costs, compared to 
just 32% of the overall costs in 2017. This 
is consistent with the findings of a recent 
study that demonstrated that the newer 
generation of higher eicacy DMTs are 
associated with better employment  
outcomes for people with MS. 

Figure V. Percentage Distribution of Costs of MS  
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The cost analysis was based mainly on data from the Economic Impact Survey 2016 

(EIS 2016, hereafter) of the Australian Multiple Sclerosis Longitudinal Study (AMSLS). 

The AMSLS is a validated, representative sample of over 3,000 Australian people with 

MS who complete regular patient-reported outcome surveys. The EIS 2016 consisted 

of a baseline survey (3,163 active participants invited, 1,577 [49.9%] responded), and 

a cost diary (3,163 active participants invited, 488 [15.5%] responded). The EIS 2016 

captured detailed information on various cost categories (direct and indirect) related 

to the management of MS and established the health, employment, and financial 

profiles of people with MS. 

Overall, the availability of such a large, comprehensive and representative dataset 

provided the opportunity to determine the updated estimates of costs of MS in 

Australia from an individual and societal perspective. It also enabled the rigorous 

assessment of the impact of MS on QoL through health state utility values (HSUVs). 

We have segregated the costs and QoL/HSUV estimates in this report by disability 

severity (classified as no, mild, moderate, and severe), sex, age group, state/territory 

and geographical remoteness of residence, MS type, and DMT usage.  

The total costs for all people with 

MS in Australia in 2017 were 

$1.75 billion (2017 Australian 

dollars), which is an increase of $0.51 billion compared to the $1.24 billion (2017 

Australian dollars) in 2010.  
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The estimated average annual costs per person with MS in 2017 were $68,382 

(95%CI: 63,442–73,322). 

Figure IV. Annual total costs of MS (per person), $ 2017  

 

Direct costs now constitute the 

largest component of the 

economic impact of MS at 44% 

of the total costs. Whereas in 2010, lost wages were the largest at 49% of the overall 

costs, compared to just 32% of the overall costs in 2017. This is consistent with the 

findings of a recent study that demonstrated that the newer generation of higher 

efficacy DMTs are associated with better employment outcomes for people with MS. 

Figure V. Percentage Distribution of Costs of MS  

  
Total costs of MS Direct costs of MS  

$58,652

$68,382

$0

$10,000

$20,000

$30,000

$40,000

$50,000

$60,000

$70,000

2010 2017

C
os

ts
 ($

)

Annual total costs of MS (per person), $ 2017  

Direct costs, 
44%

Indirect costs 
from lost 

wages, 32%

Informal care 
costs, 10%

Nursing 
home and 
equivalent 
costs, 9%

Absenteeism / presenteeism, 4%

Direct costs –
personal, 28%

Direct costs –community 
/ government, 72%

Sixty percent of indirect costs from lost wages 

in 2017 were due to early retirement 

The estimated average annual costs per person with MS in 2017 were $68,382 

(95%CI: 63,442–73,322). 

Figure IV. Annual total costs of MS (per person), $ 2017  

 

Direct costs now constitute the 

largest component of the 

economic impact of MS at 44% 

of the total costs. Whereas in 2010, lost wages were the largest at 49% of the overall 

costs, compared to just 32% of the overall costs in 2017. This is consistent with the 

findings of a recent study that demonstrated that the newer generation of higher 

efficacy DMTs are associated with better employment outcomes for people with MS. 

Figure V. Percentage Distribution of Costs of MS  

  
Total costs of MS Direct costs of MS  

$58,652

$68,382

$0

$10,000

$20,000

$30,000

$40,000

$50,000

$60,000

$70,000

2010 2017

C
os

ts
 ($

)

Annual total costs of MS (per person), $ 2017  

Direct costs, 
44%

Indirect costs 
from lost 

wages, 32%

Informal care 
costs, 10%

Nursing 
home and 
equivalent 
costs, 9%

Absenteeism / presenteeism, 4%

Direct costs –
personal, 28%

Direct costs –community 
/ government, 72%

Sixty percent of indirect costs from lost wages 

in 2017 were due to early retirement 

Direct costs of MS 

Total costs of MS 

Absenteeism/presenteeism, 4%

Nursing 
home and 
equivalent 
coats, 9%

Direct costs, 
44%

Direct costs — 
personal, 28%

Direct costs — community/
goverment, 72%

Indirect costs 
from lost 

wages, 32%

Informal care 
costs, 10%



6 > Health Economic Impact of Multiple Sclerosis in Australia in 2017  

The costs of MS increased with increasing disability severity. 
The costs more than tripled in people with severe disability 
($114,813) compared to those with no disability ($30,561). 

Figure VI. Annual costs of MS (per person)  
by disability severity, $ 2017 

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/
mild includes EDSS levels 0-3, Moderate includes 4 – 6,  
and Severe includes levels 6.5 – 9.5. 

Male sex was associated with 
relatively higher mean costs 
($71,445), compared to females 
($67,689), driven mainly by  
higher indirect costs from lost 
wages for males.  

Figure VII. Annual costs of MS  
(per person) by sex, $ 2017 
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Costs more than 
tripled for people with 

severe disability. 
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costs than females 

because of lost wages. 

Costs per person did not vary substantially between the 
Australian states and territories, with the Australian Capital 
Territory (ACT) being an exception. The lower community/
government direct costs and the indirect costs from lost 
wages, and zero informal care costs for the ACT population 
appear to be driving the significantly lower overall per 
person costs of MS in the ACT. However, diferences 
between states and territories should be interpreted with 
caution due to the low sample sizes for TAS and the ACT. 
Costs did not vary markedly between the Australian 
Remoteness Areas, although costs for Inner Regional 
Australia were higher, driven mainly by higher indirect costs 
from lost wages. 

Costs were highest for people with Secondary Progressive 
MS (SPMS), followed by Primary Progressive MS (PPMS), 
Progressive Relapsing MS (PRMS) and Relapsing Remitting 
MS (RRMS). 

Figure VIII. Annual costs of MS (per person)  
by MS type, $ 2017 

 

Figure IX. Annual direct costs of MS (per person)  
 
by disability severity, $ 2017 

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/
mild includes EDSS levels 0-3, Moderate includes 4 – 6, and Severe includes 
levels 6.5 – 9.5.

Eighty-five percent of people with MS are 
diagnosed with Relapsing Remitting MS which can 
later become secondary progressive, and 10-15% are 
diagnosed with a progressive form of MS from the 
outset.
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Figure VIII. Annual costs of MS (per person) by MS type, $ 2017 
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People with MS using DMTs are 
on average 10 years younger, 
and while costs of people on 

DMTs are slightly higher, their 
quality of life is much higher, and 

direct personal costs and 
informal care costs are lower 
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Figure VIII. Annual costs of MS (per person) by MS type, $ 2017 
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Around two-thirds of people with 
MS are treated with DMTs 
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People with MS using DMTs are 
on average 10 years younger, 
and while costs of people on 

DMTs are slightly higher, their 
quality of life is much higher, and 

direct personal costs and 
informal care costs are lower 

On average 
males have 

higher costs than 
females due to 

lost wages.
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Men and people 
living in non-

metropolitan areas are 
more vulnerable to loss of 
earnings due to MS than 
women and people living 
in metropolitan areas.

The direct per person costs of MS exhibited a steady 
increase with increasing disability severity. The prescription 
medications were the largest direct cost component for all 
disability classes. 

Being on DMTs was associated with higher costs ($72,145), 
compared to those not on DMTs ($59,649). Costs of 
people on DMT are driven by high costs of prescription 
medications. 

Figure X. Annual costs of MS (per person)  
by DMT usage, $ 2017 

 
The annual per person costs of MS are comparable to 
those of a person with Parkinson’s disease, or the first year 
following a stroke and are three times higher than for Type II 
Diabetes.

Figure XI. Annual Direct and Indirect costs of MS (per 
person) in 2010 and 2017, $ 2017 
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Around two-thirds of people with MS are treated 
with DMTs (compared to 47% in 2010)

People with MS using DMTs are on average 10 years 
younger, and while costs of people on DMTs are 
slightly higher, their quality of life is higher, and direct 
personal costs and informal care costs are lower.

People with the more progressive forms of MS 
recorded much lower Quality of Life, driven by low 
composite physical and psychosocial scores and low 
individual dimensional scores for Independent Living, 
Pain, Relationships and Mental Health.
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costs of MS through lost wages and informal care.  
Lost wages now account for only 32% of the economic 
burden of MS compared to almost 50% in 2010. 

We used the Assessment of Quality of Life 8 Dimension 
(AQoL-8D) multi-attribute utility instrument to assess the 
QoL for people with MS. The average AQoL-8D’s HSUV  
(on a scale of 0-1 where ‘1’ represents perfect health and  
‘0’ represents death) for people with MS was 0.61 compared 
to the HSUV of 0.80 for the Australian general population. 
The impacts of the AQoL-8D’s individual dimensions of Pain, 
Independent Living, Relationships and Mental Health were 
the main drivers of the lower HSUV for people with MS.  
 

Figure XII. Mean HSUV/Qol of people with MS in 2017 

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/
mild includes EDSS levels 0-3, Moderate includes 4 – 6, and Severe includes 
levels 6.5 – 9.5. HSUV = health state utility value (0=dead, 1= perfect health)

HSUVs declined with increasing disability, 
with an overall decrease of 41% from 
0.81 in people with no disability 
to 0.48 in people with severe 
disability. Additionally, people 
with more progressive forms 
of MS recorded a lower HSUV. 
Using DMTs was associated 
with higher QoL/HSUV 
estimates compared to people 
not using DMTs. The HSUV 
estimates were lower for males, 
and in both sexes, exhibited a 
general decline with increasing 
age. This result contrasts with the 
AQoL-8D’s Australian population norms 
that increase as age increases. The HSUVs did not vary 
substantially between the Australian states and territories.

We used the Assessment of 

Quality of Life 8 Dimension 

(AQoL-8D) multi-attribute utility 

instrument to assess the QoL for 

people with MS. The average 

AQoL-8D’s HSUV (on a scale of 

0-1, where ‘1’ represents perfect 

health and ‘0’ represents death) for people with MS was 0.61 (95%CI: 0.60−0.62), 

compared to the HSUV of 0.80 for the Australian general population. The impacts of 

the AQoL-8D’s individual dimensions of Pain, Independent Living, Relationships and 

Mental Health were the main drivers of the lower HSUV for people with MS.  

Figure XII. Mean HSUVs of people with MS in 2017 

 
No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/mild includes EDSS levels 
0-3, Moderate includes 4 – 6, and Severe includes levels 6.5 – 9.5.  
HSUV = health state utility value (0=dead, 1= perfect health) 

HSUVs declined with increasing disability, with an overall decrease of 41% from 0.81 

in people with no disability to 0.48 in people with severe disability. Additionally, people 

with more progressive forms of MS recorded a lower HSUV. Using DMTs was 

associated with higher QoL/HSUV estimates compared to people not using DMTs. 

The HSUV estimates were lower for males, and in both sexes, exhibited a general 

decline with increasing age. This result contrasts with the AQoL-8D’s Australian 

population norms that increase as age increases. The HSUVs did not vary 

substantially between the Australian states and territories.  
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People with the more progressive forms of 

MS recorded much lower HSUVs, driven by 

low composite physical and psychosocial 

scores and low individual dimensional scores 

for Independent Living, Pain, Relationships 

and Mental Health. 
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Figure XIII. Mean costs per person and the AQoL-8D  
HSUVs of people with MS by disease severity 

Note: No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, 
No/mild includes EDSS levels 0-3, Moderate includes 4 – 6, and Severe 
includes levels 6.5 – 9.5. HSUV = health state utility values (0=dead,  
1= perfect health).

This report provides current estimates of the number of 
people with MS, prevalence, cost of illness, and impact on 
QoL for people with MS in Australia, and compares the 
current results with previous relevant Australian and 
international studies. While there is a shit towards improved 
outcomes in terms of employment and a reduced need for 
informal care, MS continues to represent a serious burden 

While there are positive signs, MS continues to 
represent a serious burden for people with MS 
and the community in terms of both economic 
impact and QoL. Interventions that slow or prevent 
the accumulation of disability in MS are likely to have 
a substantial impact on the economic costs and QoL 
of people with MS.

Figure XIII provides an overview of costs and HSUVs presented in this report, and 

their relationship with disability severity (being the key determinant of costs and 

QoL/HSUVs for people with MS).  

Figure XIII. Mean costs per person and the AQoL-8D HSUVs of people with MS by 
disease severity 
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MS in Australia, and compares the 
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studies. While there is a shift 

towards improved outcomes in 

terms of employment and a reduced 

need for informal care, MS 

continues to represent a serious 

burden for people with MS and the 

Australian community in terms of both economic impact and QoL. 
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While there are positive signs, MS 

continues to represent a serious 

burden for people with MS and the 

community in terms of both 

economic impact and QoL. 

Interventions that slow or prevent 

the accumulation of disability in MS 

are likely to have a substantial 

impact on the economic costs and 

QoL of people with MS 
for people with MS and the Australian community in terms 
of both economic impact and QoL.

This report demonstrates that MS remains a challenging 
condition in our community, placing a very significant toll 
on Australians, particularly for adults of working age who 
should be in the prime of life when MS is most frequently 
diagnosed. The introduction and use of a new generation 
of DMTs with improved eicacy over the past few years in 
Australia have had profound efects on the management of 
the disease, and hence, on the costs of MS.  
 
While there are positive signs, further improvements in 
the management and care of MS, and interventions aimed 
at preventing the progression of MS, have the potential to 
substantially reduce the human and economic burden of MS.  
 

Recommendations 

• Interventions to prevent people from 
developing MS are crucial to counteract 
the rising prevalence of MS in Australia. 

• Improving early diagnosis and 
afordable access to efective 
treatments to slow or prevent 
disability accumulation is likely to have a 
substantial impact on the economic costs 
and quality of life of people with MS. 

• To further reduce the economic costs 
and improve quality of life for people 
with MS, research is urgently needed to 
develop further efective interventions to 
slow or prevent disease progression. 

• There should be a continued focus on 
managing symptoms and supporting 
people with MS and their carers in 
employment, particularly for men with 
MS and people living outside of major 
metropolitan areas. 

• Quality of life for people with MS 
could be significantly improved 
through efective interventions to 
manage pain and mental health, and 
support people with MS to maintain 
independent living and relationships. 

• Interventions and support to help 
people with MS to maintain physical 
health as they age will also improve 
quality of life for older people with MS. 

This study provides an up-to-date, reliable 
reference to support the MS community in 
advocating for increased and targeted support for 
people with MS and for increased research funding 
to develop further strategies to improve the lives 
of people with MS through prevention of disease 
onset and progression.
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1.1 A Brief Overview of MS 

Multiple sclerosis (MS) is an autoimmune disease in which 
the myelin sheath covering nerve fibres in the central 
nervous system (brain, optic nerves and spinal cord) is 
damaged, leading to impairment of cognitive, motor and/
or sensory functions.1, 2 MS has a substantial efect on health 
and wellbeing, as well as being a major economic burden 
to people with MS, their caregivers and family members. 
The majority (85%) of people with MS are diagnosed 
with a clinical subtype characterised by episodes of acute 
neurological deterioration (relapses), followed by partial 
or complete recovery (remission) referred to as relapsing 
remitting MS (RRMS). This may later develop into secondary 
progressive MS (SPMS), marked by fewer or no periods of 
remission and gradual neurological worsening with brain 
atrophy. The remaining 10−15% of people with MS are 
diagnosed with progressive relapsing MS (PRMS) or primary 
progressive MS (PPMS) − characterised by continuous 
neurological worsening from the first onset of symptoms, 
either with (PRMS) or without (PPMS) relapses.3-5 

There is no single cause of MS; however, several genetic, 
environmental and other factors have been shown to 
significantly contribute to its development. The symptoms 
of MS are extremely variable for any given individual and 
can vary over time within individuals and include: extreme 
tiredness (fatigue); visual disturbances; diiculties with 
walking, balance, or coordination; dizziness; tingling and 
numbness; heat/cold sensitivity; pain; bladder and bowel 
problems; mood swings; sexual problems; and changes in 
concentration, memory or speech. 

Whilst a range of treatment options is 
available for people with RRMS, limited 

options are available for people living 
with progressive forms of MS. For 
instance, there are currently 12 disease-
modifying therapies (DMTs) available 
in Australia for people with RRMS. The 

choice of therapy for a person with 
MS will depend on the phase and clinical 

activity of the disease, individual patient 
considerations such as other health conditions, 

access to health care services, family planning, and the 
practicalities of drug administration. DMTs act by modifying 
the activity of the immune system to reduce the frequency 
and severity of inflammatory/immune attacks targeting the 
central nervous system. Other available drug treatments 
include symptom specific medications and steroid 
medications (such as methylprednisolone) which are used 
to treat relapses. Twelve DMTs were recorded in the cost 
diary survey of the EIS 2016 which was used to calculate the 
cost of illness in this Report. Supplemental Table 1A provides 
the data on DMTs and other important (prescription and 
non-prescription) medications that were used by Australian 
people with MS in 2017. 

Chapter 1 Introduction

1.2 Rationale and Background

MS afects more than 2.3 million people worldwide and 
remains a potentially severely disabling condition with no 
known cure. The costs associated with MS include: direct 
medical costs (pharmaceutical, disposable equipment, 
medical, nursing, community and private services, 
hospitalisations, special equipment, home and car 
alternations); direct non-medical costs such as informal care 
costs; indirect costs from lost wages; indirect costs from 
lost productivity (due to absenteeism/presenteeism); and 
intangible costs (pain, anxiety, and reduced quality of life).2, 

6, 7 Cost of illness (COI) analyses are commonly performed 
to measure the costs associated with any specific health 
condition. The results from these analyses provide a useful 
platform for policy makers and researchers by providing 
a snapshot of the nature and extent of costs related to a 
disease in a given environment and over time. COI studies 
provide information on the main cost drivers, which are 
important for development of health policies and eicient 
allocation of scarce healthcare resources. 

Two reports on the economic impact of MS in Australia 
have been produced previously, in 2005 and 2011 (also 
commissioned by MS Research Australia), utilising data from 
the 2003 and 2007-08 Economic Impact Surveys (EIS) of the 
Australian Multiple Sclerosis Longitudinal Study (AMSLS), 
respectively. These reports have been vital for MS Research 
Australia and other stakeholders in underpinning advocacy 
and building the case for increased research and social 
and healthcare supports for people with MS. The AMSLS 
repeated the Economic Impact Survey in 2016 (EIS 2016, 
hereater), which provided a large and comprehensive data 
set that has been used to determine the updated economic 
burden of MS in Australia and to review any major changes 
that may have occurred over time. The updated information 
on the burden of MS is particularly relevant in this new era 
of increased access to efective MS medications and patient-
centred approaches to the management of MS.

This report provides a comprehensive analysis of the burden 
of MS in Australia and how that landscape has changed since 
2010.8 It provides a current, reliable reference to support 
the MS community in advocating for increased financial 
and in-kind support for people with MS and for increased 
research funding to develop further strategies to improve 
the lives of people with MS, and to prevent disease onset 
and progression.

103.7 people per 
100,000 have MS  

in Australia.
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1.3 Aims and Objectives

The objectives of this study were:

1. To estimate the prevalence of MS in Australia;
2. To estimate the costs of MS in Australia from an individual 

and societal perspective; and
3. To assess the impact of MS on quality of life (QoL) and 

health state utility values (HSUVs) using the latest available 
data and updated methodologies. 

The costs and HSUV/QoL estimates were further analysed 
by disability severity (classified as no, mild, moderate, and 
severe disability), sex, age group, state/territory of usual 
residence, Australian Remoteness Areas, MS type, and 
DMT usage (treatment vs no treatment). The 
report aims to compare the current results 
(where possible) with the results reported in 
the Economic Impact of Multiple Sclerosis 
in Australia in 2010 Report and other 
relevant Australian and international 
studies. A comparison between costs 
of illness of MS and other diseases in 
Australia has also been made to provide 
context.

The number of 
people living with MS 

in Australia increased by 
just over 20% from 21,283 
in 2010 to 25,607 in 2017. 
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2.1 Summary

The aim of this chapter was to estimate the 2017  
prevalence of MS in Australia.

Using a previously published and validated DMT prescription 
method9, the number of people with MS in Australia in 
December 2017 was 25,607 (95%CI: 24,874−26,478). This is 
an increase of 4,324 additional people with MS in Australia 
from 2010, and an increase of 20.3%. The 2017 prevalence 
was 103.7 per 100,000 compared to the 2010 prevalence 
of 95.5 per 100,000 people, an increase of 8.2 per 100,000 
people over the interval.

There were 188,243 prescriptions for 10 DMTs with 22 
modes of therapeutic delivery in 2017. Australia-wide, 
the percentage of people with MS using DMTs (DMT 
penetrance) was 64%, an increase of almost 40% for DMT 
use from 20109.

Comparing the Australian states and territories, the age-
standardised prevalence estimates were highest in Tasmania 
(TAS) (138.7 per 100,000 people [95%CI: 137.2−140.1]), almost 
double that of Queensland (QLD) (74.6 per 100,000 [95%CI: 
73.5−75.6]) and Western Australia (WA) (87.7 per 100,000 
[95%CI: 86.6−88.9]), in line with the known latitudinal 
gradient in prevalence of MS.

Our findings of an increased prevalence of people with MS in 
Australia from 2010 reflect recent global trends. One of the 
key reasons for this increase likely reflects increased survival 
of people with MS, as noted in the International Federation 
of MS Atlas of Multiple Sclerosis10 Another reason is an 
increase in incidence of MS as reflected in a recent study 
regarding the city of Newcastle in the Australian state of 
New South Wales (NSW).11

Chapter 2 Prevalence of Multiple Sclerosis

2.2 Introduction

2.2.1 Worldwide Prevalence of MS

The number of people with MS in the world has increased 
from 2.1 million people in 2008 to 2.3 million people in 
2013.10 This increase can be attributed in part to an increased 
world population, increased survival (of both people 
with MS and the wider general population), and in some 
countries to increasing MS incidence. It may also reflect 
improvements in the diagnosis and reporting of MS and the 
establishment of clinical registries and the publication of new 
epidemiological research.10 

Figure 2.1 shows an increasing MS prevalence as latitude 
(distance from the equator) increases. Of the environmental 
risk factors linked to MS, the robust latitudinal gradients of 
prevalence and incidence rate have been among the most 
consistent and striking findings in MS epidemiology.12 Indeed, 
a recent systematic review and meta-analysis revealed a 
positive association between latitude and MS prevalence 
with a 1.04 change in prevalence/100,000 per degree-latitude 
(p<0.001).13 Another study demonstrated that MS incidence 
increased 30% in women and 50% in men per each 10 degree 
increment of latitude.14 Importantly, prevalence studies of 
MS in Australia have provided some of the strongest and 
most consistent evidence regarding the relationship between 
latitudinal gradient and prevalence of MS.9, 13

Figure 2.1. Global prevalence of MS in 2013 

© www.atlasofms.org, MSIF 2013. Reproduced with permission 
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2.2.2 Prevalence of MS in Australia

There have been several prevalence studies regarding MS 
undertaken with Australian data and these studies have 
generally used complex and resource-intensive methods to 
calculate prevalence.9 In 2010, an estimate of the prevalence 
of MS in Australia was generated by using 2010 Australian 
Pharmaceutical Benefits Scheme (PBS) prescription data 
from 1 January 2010 to 31 December 2010.9 This novel 
method for calculating the prevalence of MS in Australia 
was robustly validated against other estimates including the 
MS Society Client Database and the Australian Bureau of 
Statistics Survey of Aging, Disability and Carers (2009).9 The 
results of this study were also used for a prevalence-based 
cost of illness analysis of MS in Australia.8 Importantly, this 
current study employed the same validated methodology 
to calculate the prevalence of MS in Australia for December 
2017 using PBS prescription data from 1 January 2017 to 31 
December 2017. The prevalence estimates generated from 
this study inform the cost of illness analyses contained in this 
report. 
 
 
 
 
 
 
 
 

 
2.3 Materials and methods

2.3.1 Data Sources

Australia’s PBS is part of the Australian universal healthcare 
system that provides subsidised medications to all Australian 
residents. 15-17 Medicare Australia provided the number 
of PBS and Repatriation PBS scripts for MS-related DMTs 
prescribed for the period from 1st January 2017 to 31st 
December 2017. 17 We did not include medications used 
‘of-label’, or medications or treatments that may have been 
received or sourced overseas.

Table 2.1 describes the PBS code, generic and trade name for 
the MS-specific DMTs prescribed for people with MS during 
this study’s pre-determined time horizon for all Australian 
states and territories. The percentage of people with MS 
who were using DMTs (penetrance) for Australia overall and 
each Australian state and territory were calculated from the 
AMSLS data. The most recently available (September 2017) 
Australian population estimates were sourced from the 
Australian Bureau of Statistics (ABS).18

 
2.3.2 Statistical Analyses

To estimate the prevalence using the prescription method, 
the annual number of PBS and Repatriation PBS (RPBS) 
scripts dispensed for the medications listed in Table 2.1 was 
divided by 12, as these were monthly prescriptions (except 
for Alemtuzumab (Lemtrada) which is prescribed and 
administered annually). This estimate was then adjusted for 
penetrance of the MS-specific DMTs for Australia overall, 
and for each Australian state and territory. This prescription 
methodology reflected the novel method employed in 
the 2011 economic impact of MS report and subsequent 
scholarly publications. 6, 8, 9 We also extracted the number of 
cases by age category: < 25 years, 25-29, 30-34, 35-39, 40-
44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, and 80+ 
years from de-identified MS Society client databases and the 
AMSLS for states and territories. 

The latitude gradient of MS prevalence continues 
to persist with the prevalence of MS highest in 
Tasmania (TAS) at 138.7 per 100,000 people, almost 
double that of Queensland (QLD) at 74.6 per 100,000 
and Western Australia (WA) 87.7 per 100,000.
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Table 2.1. Australian Pharmaceutical Benefits Scheme (PBS) and Repatriation PBS disease modifying therapies 
exclusively prescribed for people with MS in Australian states and territories: January 2017 to December 2017 

PBS Code Generic name  

(trade name)

Australian states and territories

NSW VIC QLD SA WA TAS ACT NT

9505G Natalizumab (Tysabri) 6,743 10,842 2,287 2,826 2,276 939 170 28

9624M Natalizumab (Tysabri) 1,028 1,243 1,556 61 2,002 91 0 0

10228H Alemtuzumab (Lemtrada) 57 54 33 16 25 21 8 0

10232M Alemtuzumab (Lemtrada) 55 79 51 36 26 25 2 0

10242D Alemtuzumab (Lemtrada) 37 28 49 23 0 0 0 0

10246G Alemtuzumab (Lemtrada) 54 35 52 30 0 0 0 0

2966D
Dimethyl Fumarate 
(Tecfidera)

8,047 6,930 3,525 2,105 2,853 644 665 48

2896K
Dimethyl Fumarate 
(Tecfidera)

203 142 58 28 54 9 25 3

2943X
Dimethyl Fumarate 
(Tecfidera)

141 72 50 7 21 3 3 0

11101G Daclizumab (Zinbryta) 77 237 161 101 37 18 14 0

5262Y Fingolimod (Gilenya) 19,669 24,135 7,824 6,036 5,031 950 1,411 271

2898M Teriflunomide (Aubagio) 3,871 6,139 2,240 1,178 1,325 584 168 15

10218T Peginterferon (Plegridy) 79 42 29 9 20 7 4 0

10212L Peginterferon (Plegridy) 557 419 362 74 127 87 53 19

10220X Peginterferon (Plegridy) 2,029 1,497 875 237 816 289 89 22

9332E
Interferon beta-1A  
(Rebif 44)

857 688 633 270 129 65 81 11

8403G
Interferon beta-1A  
(Rebif 44)

1,022 852 375 323 284 50 71 7

8968B
Interferon beta-1A  
(Rebif 44)

88 63 41 21 88 0 7 0

8805K Interferon beta-1A (Avonex) 2,062 2,306 873 879 424 140 100 9

8101J
Interferon beta-1B 
(Betaferon)

2,283 2,102 1,655 571 748 443 79 97

8726G
Glatiramer Acetate 
(Copaxone)

2,147 1,689 963 697 306 253 269 25

10416F
Glatiramer Acetate 
(Copaxone)

3,812 3,619 2,859 970 957 356 737 29

TOTAL 54,918 63,213 26,551 16,498 17,549 4,974 3,956 584

Source: Medicare Australia Statistics. http://medicarestatistics.humanservices.gov.au/statistics/pbs_item.jsp
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Age-adjusted prevalences were then calculated for each 
state and territory using the direct method employed in 
the 2011 economic impact of MS report.8 DMT penetrance 
was calculated using the survey participants’ responses 
to the AMSLS regarding use of DMTs. Ninety-five percent 
confidence intervals were calculated for Australia 
overall, and for each state and territory estimate of DMT 
penetrance. The age and sex profiles of these respondents 
were also calculated.

We also calculated MS prevalence for Remoteness Areas 
using de-identified MS Society clients’ postcode data. We 
used the Australian Statistical Geography Standard (ASGS) 
Remoteness Structure of Remoteness Area by postcode from 
the Australian Bureau of Statistics.19 In summary, Remoteness 
Areas divide Australia into five classes of remoteness 
based on a measure of relative access to services. A map 
of the 2016 Remoteness Areas are shown in Figure 2.2 and 
these are classified as Major Capital Cities, Inner Regional 
Australia, Outer Regional Australia, Remote Australia and 
Very Remote Australia.19

Figure 2.2. Australian Remoteness Areas by the 
Australian Statistical Geography Standard 

2.4 Results 

Table 2.1 provides the number 
of PBS and RPBS scripts 
dispensed for the 12-month 
time period of 1st January 
2017 to 31st December 
2017 for MS-specific DMTs 
(prescribed only for people 
with MS) overall and for each 
Australian state and territory. 

The age and sex profiles of the people 
with MS who provided the AMSLS survey data employed for 
the penetrance calculations (n=1,699) are provided in Table 
2.2. This table shows that people currently being treated 
with DMTs are almost a decade younger than people with 
MS who are not being treated with DMTs. This relative trend 
is consistent for Australia’s state and territories. 

Table 2.2 also shows that the mean (standard deviation) 
age of diagnosis for the sample (not age of onset) was 41 
(SD 11) years, and that this age of diagnosis was consistent 
across the Australian states and territories. Females also 
represented 78% of the entire sample.

Table 2.3 presents the prevalence of MS expressed as 
the absolute number of people with MS in Australia and 
Australia’s states and territories, and the unadjusted and 
age-adjusted prevalence rates of people with MS per 100,000 
people based on the PBS/RPBS prescriptions and reported 
DMT penetrance. 

Overall, 188,243 scripts for MS-specific DMTs were 
dispensed over the time horizon. Penetrance rates of DMTs 
were 64% (95%CI: 62−66) for Australia overall, ranging from 
59% (95%CI: 48−69) in TAS to 69% (95%CI: 64−73) in Victoria 
(VIC) (Tables 2.3). 

The percentage 
of people using 

disease modifying 
therapies (DMTs) in 2017 

increased by 40% 
compared to 2010.
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Table 2.2. Average sociodemographic characteristics of people with MS on an Australian, and state and territory basis,  
and penetrance of disease modifying therapies (DMTs). 

Australia  
(N=1699)*

NSW 
(n=519)

VIC  
(n=470)

QLD  
(n=241)

SA 
(n=143)

WA  
(n=159)

TAS 
(n=88)

ACT 
(n=74)

NT  
(n=NA)†

DMT Penetrance  

% (95%CI)
64 (62−66) 62 (58−66) 69 (64−73) 60 (54−66) 60 (52−68) 68 (61−75) 59 (48−69) 63 (55−68) 63 (55−68)

Age (entire sample)

Mean (SD)  

% Female

55 (11) 

78

55 (11) 

77

54 (11) 

75

55 (12) 

83

56 (11) 

76

57 (11) 

83

56 (11) 

81

55 (12) 

77
NA

Age (yes DMT) 

Mean (SD)  

% Female

52 (11) 

81

52 (10) 

80

52 (11) 

78

51 (11) 

88

52 (10) 

79

54 (11) 

80

55 (12) 

81

49 (12) 

77
NA

Age (no DMT) 

Mean (SD)  

% Female

61 (10) 

75

61 (11) 

73

60 (10) 

69

61 (11) 

77

61 (11) 

72

62 (10) 

86

59 (9) 

76

16 (7) 

77
NA

Years with MS 

(entire sample)
15 (9) 15 (9) 15 (9) 14 (8) 14 (10) 14 (8) 17 (10) 13 (7) NA

Years with MS  

(yes DMT)
13 (8) 13 (8) 13 (7) 12 (7) 13 (10) 12 (7) 16 (10) 11 (7) NA

Years with MS  

(no DMT)
17 (10) 19 (10) 18 (10) 16 (9) 17 (10) 18 (10) 19 (9) 15 (7) NA

Age at diagnosis  

(entire sample)
41 (11) 41 (10) 40 (10) 41 (12) 41 (11) 43 (11) 39 (11) 42 (10) NA

Age at diagnosis 

(yes DMT)
39 (10) 39 (10) 40 (10) 39 (11) 40 (11) 42 (12) 39 (11) 39 (11) NA

Age at diagnosis 

(no DMT)
43 (11) 43 (11) 42 (11) 46 (12) 44 (11) 44 (11) 40 (12) 48 (8) NA

*N=1699 people with MS who responded to the Medications and Disease Course Survey of AMSLs regarding their current treatment  
with disease-modifying therapies (DMT). †NT data unavailable.

The total number of people with MS in Australia was 25,607 
people (95%CI: 24,874−26,478), and the prevalence was 103.7 
per 100,000 (95%CI: 100.7−107.2). 

In regard to the individual Australian states and territories, 
the presence of a latitudinal gradient was observed with 
TAS recording the highest prevalence for both unadjusted 
and age-adjusted figures of 148.3 per 100,000 (95%CI: 
126.8−182.3), and 138.7 per 100,000 (95%CI: 137.2−140.1) 
respectively, despite the lower DMT penetrance in TAS 
(59%), and QLD recording the lowest prevalence of 80.2 
(unadjusted) people with MS per 100,000 (95%CI: 72.9−89.1), 
and 74.6 (age-adjusted) people with MS per 100,000 (95%CI: 
73.5−75.6) with a penetrance rate of 60% (Table 2.3).

VIC, with a total population of 6,254,900, had 7,895 people 
with MS and an unadjusted prevalence of 126.2 people 
with MS per 100,000 and an age-adjusted prevalence rate 
of 125.7 people with MS per 100,000. Whereas NSW (total 
population 7,895,800) had 7,682 people with MS and 97.3 
people with MS per 100,000 (unadjusted), and 94.6 people 
with MS per 100,000 (age-adjusted). The likely explanation 
for this result is that VIC is at a higher latitude than NSW (i.e. 
is further from the equator). 

Table 2.3 and Figure 2.3 compare the age-adjusted increase 
in prevalence of people with MS from 2010 to 2017 for 
the Australian states and territories. The table and figure 
highlight the general trend of an increase in prevalence of 
MS from 2010 for Australia’s states and territories (also see 
section 2.5). 
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Table 2.3. Calculation of prevalence of people with MS based on Australian Pharmaceutical 
Benefit Scheme prescribed disease modifying therapies, and age-adjusted prevalence using the Australian MS Societies  
age-structures on a state and territory basis, and the Australian MS Longitudinal Study (AMSLS) 

NSW VIC QLD SA WA TAS ACT NT Australia

Population^ 7,895,800 6,358,900 4,948,700 1,726,900 2,587,100 522,000 412,600 246,100 24,702,900

Penetrance of DMTs,  

% (95%CI)

62 

(58−66)

69 

(64−73)

60 

(54−66)

60 

(52−68)

68 

(61−75)

59 

(48−69)

63* 

(55−68)

63* 

(55−68)

64 

(62−66)

Number of people with  

MS based on prescribed  

DMTs agents

7,682 7,895 3,970 2,452 2,219 774 538 77 25,607

Lower 95%CI 7,216 7,462 3,609 2,163 2,474 662 498 72 24,874†

Upper 95%CI 8,211 8,512 4,411 2,829 2,012 951 616 88 26,478†

Unadjusted prevalence  

of MS per 100,000 by 

prescription^^

97.3 124.2 80.2 142.0 85.8 148.3 130.4 31.3 103.7

Lower 95%CI 98.5 121.5 77.8 136.48 82.3 138.2 119.8 25.0 100.7 

Upper 95%CI 99.5 126.9 82.8 147.7 89.4 159.1 141.9 39.1 107.2

2017 age-adjusted  

prevalence of MS 
94.6 125.7 74.6 138.3 87.7 138.7 131.1 34.1 NA

Lower 95%CI 93.4 124.3 73.5 136.8 86.6 137.2 129.6 33.3

Upper 95%CI 95.9 127.1 75.6 139.8 88.9 140.1 132.5 34.8

2010 age-adjusted  

prevalence of MS
81.5 96.4 45.9 105.7 86.9 135.5 113.7 18.9 NA

Lower 95%CI 80.31 95.1 45.0 104.4 85.7 134.0 112.3 18.4

Upper 95%CI 82.68 97.7 46.8 107.1 88.2 137.1 115.1 19.5

 
^ Australian Bureau of Statistics Population Estimates: September 2017. * ACT and NT penetrance and CI based on averages of all States.  
† Calculated from prescription bounds for Australia, not from summing individual state and territory totals. 
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State and territory capital city latitudinal gradient and prevalence are also shown in Figures 2.3 and 2.4. 

 
Figure 2.3. The age-adjusted prevalence per 100,000 people for the Australian states and territories.  

 
  
 
 
Figure 2.4. Representation of Australia’s capital city latitudinal gradient for each state and  
territory and 2017 age-adjusted prevalence rates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Information on geographical remoteness is also available for the sample of MS patients for whom DMT penetrance 
rates were calculated. Figure 2.2 highlights the Australian Remoteness Areas and Table 2.4 provides the absolute 
number and percentage of people with MS in Australia who live in Major Cities of Australia, Inner Regional 
Australia, Outer Regional Australia, Remote Australia and Very Remote Australia.

14 

State and territory capital city latitudinal gradient and prevalence are also shown in 

Figures 2.3 and 2.4.  

Figure 2.3. Latitudinal gradient of Australia’s capital cities and age-adjusted  
 prevalence rates for 2010 9 and 2017 

 
Figure 2.4. Representation of Australia’s capital city latitudinal gradient for each  
 state and territory and 2017 age-adjusted prevalence rates 
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Latitudinal gradient of capital city (degrees south)

South  
Australia

Western  
Australia

Northern 
Territory

Queensland

Victoria

Tasmania

New South Wales

A.C.T

Brisbane 27.3 oS 
2010: 45.9 
2017: 74.6

Sydney 33.5 oS 
2010: 81.5 
2017: 94.6

Canberra 35.2 oS 
2010: 113.7 
2017: 131.1

Melbourne 37.5 oS 
2010: 96.4 
2017: 125.7

Hobart 42.5 oS 
2010: 135.5 
2017: 138.7

Adelaide 34.6 oS 
2010: 105.7 
2017: 138.3

Perth 31.5 oS 
2010: 86.9 
2017: 87.7

Darwin 12.2 oS 
2010: 18.9 
2017: 34.1
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Table 2.4. The number and percentage of people with 
MS who responded to the AMSLS survey regarding 
treatment with disease-modifying therapies living in  
the Australian Remoteness Areas 

Major 

Cities

Inner 

Regional

Outer 

Regional
Remote

Very 

Remote

n (%) n (%) n (%) n (%) n (%)

New South 

Wales 

(n=516)

339 

(66)

136  

(26)

39  

(8)

1  

(0.2)

1  

(0.2)

Victoria 

(n=470)

316 

(67)

129  

(27)

25  

(5 )
0 0

Queensland 

(n=241)

163 

(68)

41  

(17)

32  

(13)

3  

(1)

2  

(1)

Western 

Australia 

(n=159)

110 

(69)

25 

 (16)

16  

(10)

5  

(5)

3  

(2)

South 

Australia 

(n=143)

89  

(62)

22  

(15)

21  

(15)

10  

(7)

1  

(1)

Tasmania 

(n=88)
NA**

66  

(75)

20  

(23)

1  

(1)

1  

(1)

ACT 

(n=74)

67  

(91)

7  

(9)
0 0 0

Australia 

(n=1691)

1084 

(64)

426 

 (25)

153  

(9)

20  

(1)

8  

(0.5)

 
*Penetrance data not available for the Northern Territory; 
** Tasmania’s capital city is classified as Inner Regional Australia.

Table 2.4 demonstrates that the majority (just under two-
thirds; 64%) of people with MS (based on MS society client 
figures) reside in Major Cities of Australia (this figure concurs 
with 2016 Census data for the Australian population20), 
followed by one-quarter residing in Inner Regional Australia 
(25%). The Remoteness Areas of Outer Regional Australia, 
Remote Australia and Very Remote Australia account for 
just over 10% of people with MS. Table 2.4 also provides the 
state and territory breakdowns of the Remoteness Areas and 
these revealed a similar pattern, with most people with MS 
living in Major Cities of Australia.

2.5 Discussion

2.5.1 Comparison to 2010 Prevalence Estimates From 
the Economic Impact of MS in Australia 2011 Report

This study adopted the same methodology as our 
prescription-based study published in 2013 to calculate 
unadjusted and age-adjusted prevalence of MS for the 

Australian population. There were several advantages 
of using the same PBS prescription-based method for 
extracting medications that were used by people with MS, 
including the ascertainment of all prescription data Australia-
wide from the one centralised and continually updated 
Medicare Australia database. This same methodological 
approach also supported a direct comparison of the 
estimates from 2010 to 2017.

Overall, there was an increase in the number of people living 
with MS in Australia over the 7-year time horizon of 4,324 
people, from 21,283 in 2010 (95.5/100,000 people) to 25,607 
(103.7/100,000 people) in 2017.

Age-adjusted figures also revealed that the prevalence rates 
of people with MS per 100,000 people for all the states and 
territories also increased from 2010 (Figure 2.3), and that the 
relative latitudinal gradient relationship for higher prevalence 
rates in higher latitudinal regions (i.e. further from the 
equator) remained stable from 2010.

Our findings of an increased prevalence of people with MS 
in Australia from 2010 reflect recent global trends. One of 
the key reasons for this increase likely reflects increased 
survival of people with MS, as noted in the MS International 
Federation’s Atlas of Multiple Sclerosis10. Another reason is 
an increase in incidence of MS as reflected in a recent study 
regarding the city of Newcastle in the Australian state of 
NSW11. 

2.5.2 Importance of Timely and Accurate Prevalence 
Estimates for Healthcare Resource Allocation Decisions

The Atlas of Multiple Sclerosis 2013, called for increased 
surveillance to support the equitable allocation of scarce 
healthcare resources and access to specialist neurologists, 
nurses and equipment (such as MRI machines) across 
worldwide jurisdictions. Our prescription method has 
demonstrated a timely and resource-eicient methodology 
for calculating the prevalence of MS due to the easily 
accessed and accurate data sources in Australia, namely, 
government DMT prescription data and treatment 
penetrance rates calculated from the patient-reported data 
gathered in the AMSLS.

We suggest that this methodology should be explored for 
other countries where central repositories of prescription 
data and penetrance rates can potentially be accessed via 
patient registries and clinical databases.

The prescription data method was a particular strength of 
this study, however, one potential disadvantage of using this 
method was that we could have marginally underestimated 
the prevalence calculations because we have not included 
people using of-label medications, or those sourcing 
medications or treatments overseas. 
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3.1 Summary 

This chapter provides a comprehensive analysis of the 
economic burden of MS in Australia and how that landscape 
has changed since 2010.8 The cost analysis is based on 
data from the Economic Impact Survey (EIS) 2016 of the 
Australian MS Longitudinal Study (AMSLS) − a validated, 
representative sample of over 3,000 Australian people 
with MS who complete regular patient-reported outcome 
surveys. The EIS 2016 consisted of a baseline survey (3,163 
active participants invited, 1,577 [49.9%] responded), and 
a cost diary (3,163 active participants invited, 488 [15.5%] 
responded. The survey captured detailed information on 
various cost categories (direct [pharmaceutical, disposable 
equipment, medical, nursing, community and private 
services, hospitalisations, special equipment, home and car 
alternations, transport] and indirect [costs from lost wages 
and lost productivity]) related to the management of MS and 
established the health, employment, and financial profiles of 
people with MS.

Annual, average total costs of MS per person increased 17% 
from $58,652 in 2010 to $68,382 in 2017, driven largely by 
increased costs of disease modifying therapies, but ofset 
by decreased costs of lost wages. Annual per person costs 
increased by 276% from $30,561 for people with MS with no 
disability to $114,813 for people with severe disability. The 
total costs for all people with MS in Australia in 2017 were 
$1.75 billion (2017 Australian dollars), which is an increase of 
$0.51 billion compared to the $1.24 billion (2017 Australian 
dollars) in 2010. The increased overall cost is driven largely 
by increased direct costs (mainly DMT costs), while indirect 
costs have substantially declined. Indirect costs from lost 
wages was the major cost component (32% of the estimated 
costs per person with MS in 2017). When compared to the 
costs in 2010, we found that indirect costs from lost wages 
and informal care costs now contribute relatively less to 
the overall costs of MS. For instance, the indirect costs per 
person from lost wages declined by 25% from $29,030 (49% 
of the overall costs) in 2010 to $21,858 (32% of the overall 
costs) in 2017. Consistent with findings of recent studies,21 
we expect that the availability of the newer generation of 
higher eicacy DMTs and the availability of timely and better 
healthcare facilities in this era of patient-centred approaches 
regarding the management of MS are likely to be the key 
contributing factors behind this change.

Chapter 3 Costs of Multiple Sclerosis

When looking at the costs 
by sub-groups, the costs 
of MS increased with 
increasing disability 
severity. The costs 
more than tripled from 
$30,561 in those with 
no disability to $114,813 
in people with severe 
disability. Male sex was 
associated with relatively 
higher mean costs ($71,445), 
compared to females ($67,689), driven mainly by higher 
indirect costs from lost wages for males. Costs increased 
with age up to 54 years, and then substantially decreased in 
those over 65 years, mainly because of the lower proportion 
of people on DMTs in this group, and also because the 
indirect costs from lost wages were lower for this age group. 
However, other costs were higher e.g. direct medical costs 
and informal care costs.

Costs per person did not vary substantially between the 
Australian states and territories, with the Australian Capital 
Territory (ACT) an exception, but diferences between states 
and territories should be interpreted with caution due to 
the low sample sizes for Tasmania (TAS) and the ACT. Costs 
did not vary markedly between the Australian Remoteness 
Areas. Costs for people with MS living in Inner Regional 
Australia were relatively higher, driven mainly by higher 
indirect costs from lost wages in that area. Costs were 
highest for people with Secondary Progressive MS (SPMS), 
followed by Primary Progressive MS (PPMS), Progressive 
Relapsing MS (PRMS) and Relapsing Remitting MS (RRMS). 
Being on DMTs was associated with higher costs ($72,145), 
compared to those not on DMTs ($59,649). 

We compared our results with the 2011 economic impact of 
MS report that matches with our analysis both in terms of its 
methodological framework and in terms of the majority of 
the cost categories considered.

We also drew a comparison between the costs of MS in 
Australia and those from other nations. Whilst costs were 
substantial in all countries, there is a significant range of 
costs recorded between countries, which may be partly 

Total costs 
for all people with 

MS in Australia have 
increased substantially over 
time from $1.24 billion in 

2010 to $1.75 billion in 2017 
(an increase of 41%) due to 

both an increase in number of 
people living with MS and 

increased per person 
costs.

The annual total costs of MS per person (direct and 
indirect costs) increased by 17% from $58,652 in 
2010 to $68,382 in 2017, driven largely by increased 
costs of DMTs and ofset by decreased costs of lost 
wages and decreased informal care costs.

Annual per person costs increased by 276% from 
$30,561 for people with MS with no disability to 
$114,813 for people with severe disability. The direct 
costs were the largest total cost component for all 
disability classes.
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driven by difering methods as well as healthcare systems. 
To provide a context for MS, a comparison of costs 
associated with other diseases in the Australian setting 
was also performed. Once again, diferences in the costs 
of various diseases in Australia were found that could be 
due to a multitude of factors including study methods and 
demographics. Nevertheless, despite these methodological 
diferences the costs of MS are most comparable to the 
overall costs of Parkinson’s disease.

The results reported in this chapter provide a useful platform 
for policy makers and researchers by providing a snapshot of 
the nature and extent of costs related to MS in Australia in 
2017. It also provides information on the main cost drivers, 
which are important for development of health policies and 
eicient allocation of scarce national healthcare resources. 
The updated COI of MS information provided in this 
chapter is particularly relevant in this new era of increased 
access to efective MS medications and patient-centred 
approaches to the management of MS. Our results provide 
a current reliable reference to support the MS community 
in advocating for increased financial and in-kind support 
for people with MS and for increased research funding to 
develop further strategies to improve the lives of people 
with MS, and to prevent disease onset and progression.

 

3.2 Introduction

Economic costs associated with MS may result in a 
substantial burden to people with MS and society as a 
whole. COI analyses provide a snapshot of the nature 
and extent of the costs related to a disease in a given 
environment and over time. Two reports on the economic 
impact of MS in Australia have been produced previously: 
in 2005 and 2011,8, 22 utilising data from 2003 and 2007-08 
EIS of the AMSLS, respectively. These reports have been 
vital for MS Research Australia and other stakeholders, in 
underpinning advocacy and building the case for increased 
research and social and healthcare supports for people with 
MS. However, the most recent of these reports was based 
on now a decade old data. An updated COI analysis of MS 
in Australia is timely, given the new era of increased access 
to efective MS medications and patient-centred approaches 
to the management of MS, as well as the availability of 
new datasets to provide up-to-date information. For 
example, most of the newer generation DMTs were not 
fully established at the time of the publication of the 2011 
economic impact of MS report. 8 The current landscape of 
MS in Australia difers substantially from that in 2007-08. 
Australians with MS now have access to a range of DMTs 
for relapsing MS, bringing potential impacts on health 
outcomes for people with MS. There is also a trend towards 
earlier diagnosis of MS (due to application of new diagnostic 

criteria) and earlier treatment (due to therapeutic advances 
and growing evidence of the long-term benefits of early 
efective treatment). All of this may contribute to diferences 
in the costs and impact of MS over time. 

The aim of this chapter was to provide a comprehensive 
contemporary analysis of the costs of MS in Australia and to 
examine how that landscape has changed since 2010.8

 

3.3 Materials and Methods

3.3.1 Study Design

Participants in this study were part of the AMSLS, a 
longitudinal, survey-based study, which comprises over 
3,000 active participants. AMSLS is a large national sample 
of Australian people with MS, with an estimated 96% with 
a confirmed diagnosed of definite MS from a neurologist 
according to McDonald criteria.23 A recent study validated 
the AMSLS cohort as being highly representative of 
Australians with MS.23 Recruitment to the AMSLS is ongoing 
(to counter attrition) and is undertaken with the assistance 
of MS Research Australia and all Australian state and 
territory MS Societies. To join AMSLS, a participant must 
be: 1) an Australian resident; 2) diagnosed with MS by a 
neurologist; and 3) aged 18 years or over. Participation in the 
AMSLS is voluntary, and participants can choose to withdraw 
at any time, without giving a reason. AMSLS participants 
gave their informed consent to participate in the study and 
periodically complete inter-disciplinary research surveys in 
socioeconomic, clinical and psychosocial fields.6, 24, 25 The 
analysis presented here is based predominantly on data 
from the EIS 2016 that was conducted as part of the AMSLS. 
The EIS 2016 consisted of a baseline survey (3,163 active 
participants invited, 1,577 [49.9%] responded) and, and a 
cost diary (3,163 active participants invited, 488 [15.5%] 
responded. The baseline survey established basic health, 
employment and financial profiles of people with MS, as well 
as provided an indication of the indirect costs of MS (such 
as costs from lost wages due to early retirement, occupation 
change, and employment status change) and direct non-
medical costs (such as informal care costs due to carers’ 
reduced employment). The cost diary captured detailed 
information on various cost categories relating to MS, such 
as prescription medications, non-prescription medications, 
disposable equipment, health professionals, nursing services, 
community and private services, medical tests, hospital 
stays, special equipment-hire, special equipment-purchase 
(mobility, visual aids, communications, bathroom, kitchen, 
bedroom, general), alterations to home, alterations to car, 
and transport. The cost diary included (where possible) a 
comprehensive list of the items related to each cost category 
to assist respondents in reporting information on costs 
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incurred due to MS. Participants were asked to complete the 
cost diary everyday over the six-month period to minimise 
the possibility of any recall bias. Supplemental Tables 1A and 
1B provide the list of items included in the 2016 cost diary.

Some supplementation of data was achieved through other 
AMSLS surveys that were conducted around the same time. 
The EIS 2016 did not capture information on type of MS 
and DMT usage. We obtained this information from the 
2016 Medications and Disease Course Survey of AMSLS 
by matching participants’ ID numbers. Furthermore, the 
EIS 2016 did not capture MS-related work productivity 
losses (due to absenteeism and presenteeism). MS-related 
absenteeism and presenteeism were therefore measured 
based on data from the Employment Survey 2015 of the 
AMSLS, a survey conducted only four to five months prior to 
the baseline EIS survey. 

 
3.3.2 Data Analysis 

The EIS 2016 captured detailed information on various cost 
categories from 488 people with MS who completed both 
the baseline survey and the cost diary as part of the survey 
(a response rate of 15%). Table 3.1 provides an overview of 
the categories of costs considered in this analysis. These 
data were used to determine the full societal costs of MS in 
Australia, using similar methodology to that described in the 
2011 economic impact of MS report.8 

In the baseline survey, respondents provided information on 
their basic demographic, health, employment and financial 
profiles. The completion of the cost diary however was 
relatively time consuming and demanding and as such fewer 
participants completed this part of the EIS 2016 survey. 
Respondents were asked to complete the cost diary daily 
over six months. They were asked to record all costs and 
resource use related to their MS, regardless of whether 
they paid for them personally or not. The use of a cost diary 
that needed to be completed every day obviated the need 
for recall, which is a frequently cited concern in surveys 
where participants with MS are required to remember what 
occurred in weeks or months previously. This approach 
was used to minimize recall bias in this study. Respondents 
reported the direct costs in 2017 Australian Dollars (AUD). 

Table 3.1. Categories of costs considered in the current analysis

Cost category Inclusions

Direct costs - overall

Direct costs – personal

Direct costs – community / 

government

Prescription medications, 

non-prescription medications, 

disposable equipment, health 

professionals, nursing services, 

community and private services, 

medical tests, hospital stays, special 

equipment-hire, special equipment-

purchase (mobility, visual aids, 

communications, bathroom, 

kitchen, bedroom, general), 

alterations to home, alterations to 

car, and transport

Nursing home and  

equivalent costs
Residential care 

Informal care costs
Costs to carers due to reduced 

employment 

Indirect costs  

from lost wages

Early retirement, occupation change 

and employment status change 

(e.g.: from fulltime to part-time)

Indirect costs from  

lost productivity 

Absenteeism and presenteeism 

costs*

*MS-related work productivity loss was measured from the Employment 
Survey 2015

Costs were analysed by disability severity (classified as no 
disability [Expanded Disability Status Scale - EDSS 0], mild 
disability [EDSS 1.0-3.5], moderate disability [EDSS 4.0-6.0], 
and severe disability [EDSS 6.5 to 9.5]), sex, age group, state/
territory of usual residence, Australian Remoteness Areas, MS 
type, and whether or not they were receiving DMTs.
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Prescription medication costs were calculated using the 
Pharmaceutical Benefits Schedule (PBS) cost schedule (1 
June 2017).26 The improved and much more detailed EIS 2016 
enabled us to breakdown the ‘prescription medication costs 
into three sub-categories (i.e.: DMTs, symptom-specific, 
and others). As we did not know the co-payment types 
(general vs concessional) of our sample for MS-specific 
prescription medications, the average co-payment amount 
of AUD 8.9 (= [38.80 x 8%] + [6.30 x 92%]) was applied. 
This was based on the June 2017 general co-payment of 
AUD 38.80 and concessional co-payment of AUD 6.30, and 
the 2016-17 expenditure and prescription data from the 
PBS Pricing and Policy Branch (Technology Assessment and 
Access Division),27 suggesting that a significant majority of 
Australians (about 92%) made concessional co-payments 
between July 2016 and June 2017. 

Contrary to the previous work,6, 8, 22 we have provided a 
breakdown of the ‘special equipment’ costs into 8 sub-
categories (i.e.: Special equipment- Hire, Special equipment 
Purchase-MOBILITY, Special equipment Purchase-VISUAL 
AIDS, Special equipment Purchase-COMMUNICATIONS, 
Special equipment Purchase-BATHROOM, Special equipment 
Purchase-KITCHEN, Special equipment Purchase-BEDROOM, 
and Special equipment Purchase-GENERAL). Also, the 
EIS 2016 provided the breakdown of “alteration to car/
home” costs into two separate categories (i.e. alteration to 
home, and alteration to car). The overall costs of MS and 
the breakdown of the overall costs by key cost categories 
(i.e.: direct costs-total, direct costs-personal, direct costs-
community/government, nursing home and equivalent 
care costs, informal care costs, indirect costs from lost 
wages, and indirect costs from lost productivity) and sub-
groups (disability severity, sex, age group, state/territory, 
Australian Remoteness Areas, MS type, and DMT usage) 
is provided in the results section. In addition, the results 
section also provides a breakdown of total direct costs by 
key categories (prescription medications, non-prescription 
medication, disposable equipment, health professionals, 
nursing services, community and private services, medical 
tests, hospital stay, special equipment, alteration to car/
home and transport costs) and sub-groups. As has been 
noted earlier, some of the key cost categories of this analysis 
(i.e. prescription medication, special equipment, alterations 
to car/home, indirect costs from lost wages, and indirect 
costs from lost productivity) have been further broken 
down into more than one sub-categories. A more detailed 
cost breakdown by sub-categories is provided in the 
supplemental tables included with this report. 

It was not possible to estimate nursing home and equivalent 
high-support care costs from the AMSLS data as only 2 
of the 488 respondents indicated that they resided in a 
nursing home. This is likely to be an underestimation of the 
actual number of people in nursing homes as respondents 
in nursing homes are less likely to be able to complete the 
survey. The nursing home costs were therefore estimated 
indirectly using information from other sources. The 
Australian Bureau of Statistics Survey of Disability, Aging and 
Carers 2009 (4430.0) estimates the proportion of people 
with MS who reside in nursing homes is 5.66%. We applied 
the Australian Institute of Health and Welfare estimate 
of accommodation support of $109,715 per person (for 
2015-16)28 and inflated the costs to 2017 levels to reach to 
an estimated mean annual nursing home cost of $6,343 
(= 109,715 x 0.0566 x 1.0215). We used the average health 
inflation factor of 2.15% between 2005/06 and 2015/16 to 
inflate the nursing home costs.29 In the current analysis, the 
nursing home costs are only applied to severely disabled 
people with MS (n=88). This is in contrast with the previous 
approach used in the 2011 study,6, 8 where an average 
nursing home cost was applied to all individuals with MS 
(irrespective of their disability status).
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The informal care costs were assessed directly from the 
reported changes in average weekly earnings of the carers 
due to care provision to a person with MS. In cases where 
the average weekly earnings were missing but the number 
of work hours lost due to care provision was available, 
an average hourly wage rate (of $33) was multiplied with 
the number of work hours lost due to care provision to 
obtain an estimate of the informal care costs. Because the 
informal care costs were based on 2016 income estimates, 
we inflated these costs to 2017 levels using an annual wage 
inflation factor of 2% for the year 2017.30 The indirect costs 
from lost wages were calculated by taking the diference 
between each participant’s pre- and post-MS-onset wage. 
The respondents reported their Australian and New 
Zealand Standard Classification of Occupations (ANZSCO) 
occupation category (i.e.: Manager, Professional, Technician 
or Trade Worker, Community or Personal Service Worker, 
Clerical and Administrative Workers, Sales Workers, 
Machinery Operator or Driver, Labourer). They were asked 
to indicate if they had let employment due to their MS. The 
respondents also reported any changes to their pre- and 
post-MS-onset employment status (e.g. full-time, part-time) 
and occupation groups. A wage was attributed to each 
participant pre and post-MS-onset using the average wage 
by occupation and sex from the ABS Employee Earnings 
and Hours (Cat No. 6306.0), May 2016. In cases where 
the occupation category of respondents was missing but 
the number of work hours pre and post-MS symptoms 
was available, an average hourly wage rate (of $33) was 
used.31 Contrary to the previous (2011) approach, we also 
broke down the indirect costs from lost wages into 3 sub-
categories. These are: (1) indirect costs from lost wages 
due to early retirement; (2) indirect costs from lost wages 
due to employment status change; and (3) indirect costs 
from lost wages due to occupation change. Because the 
indirect costs from lost wages were based on 2016 income 
estimates, we inflated these costs to 2017 levels using an 
annual wage inflation factor of 2% for the year 2017.30 

 

 We also calculated indirect costs from lost productivity 
(absenteeism + presenteeism) in the analysis using the 
work productivity and activity impairment questionnaire 
(MS version [WPAI: MS]), administered as part of the 
Employment Survey 2015 of AMSLS. WPAI is a validated and 
reliable instrument to evaluate health-related impairments 
in work.32 Lost productive days due to absenteeism were 
captured by the number of days respondents 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 sufering from MS-
related problems by how much MS afected productivity 
while working (numeric rating scale 0−10, converted to 
a percentage of impairment at work by dividing by 10 
and multiplying by 100%). We expressed the outcomes 
in percentages (percent productive time lost due to 
absenteeism/presenteeism divided by the total number of 
days the person should have worked in the past 4 weeks). 
Costs from absenteeism and presenteeism were calculated 
by multiplying the percent productive time lost by the 
average weekly income of the respondents (taken from EIS 
2016 data). Annual total work productivity loss was obtained 
by adding the annualised costs from absenteeism and 
presenteeism together.  
As the costs from lost work-productivity were based on 
2016 income estimates, we inflated these costs to 2017 
levels, using the wage inflation factor of 2%.30

 
3.3.3 Costing Approach

In order to estimate the costs, a ‘top–down’ or ‘bottom up’ 
approach may be adopted. The ‘top–down’ approach entails 
measurement of health service utilisation and expenditure 
using aggregate figures related to diagnoses codes from 
databases, national statistics and registries. The advantage 
of this approach is that it can be used for a variety of 
diseases facilitating comparisons. A drawback is that it may 
be limited by the availability of the required information on 
specific components within cost categories. 
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The ‘bottom up’ approach requires the data collection from 
a sample of the population with a health condition and 
extrapolating to the entire population with the condition. 
The advantage of this approach is that it is able to provide 
a greater level of detail of the cost components than is 
available from the top down approach. As the EIS 2016 
provided detailed information on a variety of cost items 
from a large representative sample of people with MS, our 
study relied primarily on the ‘bottom-up’ costing approach 
(supplemented by a ‘top-down’ approach where patient 
level data were unavailable) to estimate the costs of MS.

 

3.3.4 Disability Measurement

Disability was assessed with the patient determined disease 
steps (PDDS) and mapped against the gold-standard 
Expanded Disability Status Scale (EDSS) as outlined in Table 
3.2. The PDDS provides an assessment of mobility-based 
functional disability in MS and correlates highly with the 
EDSS.24 Based on approximate EDSS scores, we classified 
our respondents into four categories, namely: no disability 
[EDSS level 0], mild disability [EDSS levels: 1–3.5], moderate 
disability [EDSS levels: 4–6] and severe disability [EDSS 
levels: 6.5–9.5]. 

Table 3.2. The approximate EDSS equivalents of the PDDS

Patient Determined Disease 
Steps (PDDS) Description

Approximate 
EDSS 
Equivalent

Broad 
Disability 
Category

0 (I may have some mild symptoms, 
mostly sensory, due to MS but they 
do not limit my activity or lifestyle)

0
No  

Disability 

1 (I have some noticeable symptoms 
from my MS, but they are minor 
and have only a small efect on my 
lifestyle)

1

Mild 

Disability 
2 (I don’t have any limitations in my 
walking ability. However, I do have 
problems due to MS that limit daily 
activities in other ways)

2-3.5

3 (MS does interfere with my 
activities, especially walking. I can 
work a full day, but athletic or 
physically demanding activities are 
more diicult than they used to be. 
I usually don’t need to use a walking 
stick (cane) or other walking aid, but 
I might during an MS attack)

4-5

Moderate  

Disability 

4 (I can walk about 8 meters (or 25 
feet) without using a walking stick 
(cane) or other walking aid such 
as a splint, brace, or crutch, but I 
may use a walking aid for greater 
distances)

6

5 (To be able to walk 8 meters (or 
25 feet), I have to have a walking 
stick (cane), a single crutch, or 
someone to hold onto. I can get 
around the house by holding onto 
furniture or touching the walls for 
support. I may use a scooter or 
wheelchair for greater distances)

6

6 (To walk 8 meters (or 25 feet), 
I must have two walking sticks 
(canes), two crutches, or a walking 
frame (walker). I may use a scooter 
or wheelchair for greater distances)

6.5

Severe 

Disability 

7 (My main form of mobility is a 
wheelchair. I may be able to stand 
and/or take one or two steps, but 
I can’t walk 8 meters (or 25 feet), 
even with crutches or a walking 
frame)

7

8 (I am unable to sit in a wheelchair 
for more than 1 hour, and I spend 
most of my time in bed)

8-9.5

While the direct costs of MS have almost doubled 
between 2010 and 2017, driven largely by the cost 
of DMTs, the overall increase in costs per person 
with MS has been limited to less than $10,000 due 
to a significant reduction in the indirect costs of MS 
through lost wages and informal care. Lost wages 
now account for only 32% of the economic burden 
of MS compared to almost 50% in 2010.
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3.4 Results

3.4.1 Sample Characteristics

The cost analysis was based on data from 488 cases 
who completed both the Baseline Questionnaire and 
the Cost Diary as part of the EIS 2016. We assessed the 
representativeness of our sample by comparing the 
demographic and other features of respondents (n=488) 
with non-respondents (n=2675), comparing participants’ age 
at the diagnosis of MS, age group distribution, sex, disease 
duration, and geographic distribution.

As shown in Table 3.3, four out of five respondents and 
non-respondents (81% and 78%, respectively) were female. 
The mean age 55.8 years (respondents) and 54.8 years (non-
respondents) were similar. In addition, the mean duration 
of MS from diagnosis for respondents was 15.5 years, which 
closely matched with 15.2 years for non-respondents. We 
split respondents and non-respondents into five age groups 
(namely: <35 years, 35–44 years, 45–54 years, 55–64 years, 
and 65+ years). The age group distribution of respondents 
and non-respondents was similar, except the response group 
had a slightly higher proportion of people aged 65+ years 
(+2 percentage points). More than half of the respondents 
and non-respondents came from New South Wales (NSW) 
and Victoria (VIC), as expected from the geographical 
distribution of people with MS. The data on type of MS, 
DMT usage, and disability severity was available for the 
respondents only. Two thirds of our respondents had RRMS, 
followed by SPMS (14%), PPMS (6%) and PRMS (3%). More 
than two-thirds (69%) were using DMTs, and over half were 
either moderately or severely disabled.

To statistically confirm the representativeness of our sample, 
we compared the demographic and other characteristics 
of respondents with non-respondents using t-test. Our 
results suggested no statistically significant diferences 
between respondents and non-respondents in sex (P =0.10), 
age (P =0.07), state/territory of residence (P-value=0.50), 
age group (P =0.26), and MS duration from diagnosis (P 
=0.50). Respondents could therefore be considered highly 
representative of the AMSLS cohort as a whole. The AMSLS 
cohort has been previously validated as representative of the 
Australian MS population.23 

 

 

 

 

 

 

 

 

 

 

Table 3.3. Characteristics of the participants in the Cost 
Analysis (EIS 2016)

Respondents non-respondents

Characteristics (N=488) (N=2675)

Sex

Male % (n) 19 (90) 22 (583)

Female % (n) 81 (398) 78 (2092)

Age group 

<35 % (n) 4 (18) 4 (107)

35-44 % (n) 15 (73) 16 (441)

45-54 % (n) 26 (125) 26 (705)

55-64 % (n) 31 (151) 31 (810)

65+ % (n) 24 (119) 22 (590)

Not stated % (n) <1 (2) 1 (22)

State of usual residence 

NSW % (n) 27 (132) 31 (837)

VIC % (n) 25 (123) 27 (728)

QLD % (n) 15 (72) 14 (386)

SA % (n) 10 (50) 8 (223)

WA % (n) 11 (52) 11 (286)

ACT % (n) 6 (28) 3 (74)

TAS % (n) 5 (25) 5 (128)

NT % (n) <1 (1) <1 (6)

Not stated % (n) 1 (6) <1 (6)

MS type

PPMS % (n) 6 (32) N/A

RRMS % (n) 60 (291) N/A

SPMS % (n) 14 (68) N/A

PRMS % (n) 3 (13) N/A

Unsure % (n) 10 (49) N/A

Not stated % (n) 7 (35) N/A

DMTs

Yes % (n) 69 (339) N/A

No % (n) 30 (142) N/A

Not stated % (n) 1 (7) N/A

Disability severity 

No disability % (n) 21 (103) N/A

Mild disability % (n) 25 (122) N/A

No/mild disability % (n) 46 (225) N/A

Moderate disability % (n) 35 (173) N/A

Severe disability % (n) 18 (88) N/A

Not stated % (n) <1 (2) N/A

MS duration 

Average in years (n) 15.5 (472) 15.2 (2,349)

Age

Average in years (n) 55.8 (486) 54.8 (2,643)

N/A = Not Applicable
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3.4.2 Costs of MS by Cost Category  
(the Overall Sample)

As shown in Table 3.4, the total annual costs per person with 
MS were estimated to be $68,382 (95% confidence interval 
[CI]: 63,442–73,322). The total costs for all people with MS 
in Australia (n=25,607) were $1.75 billion (95%CI: $1.70–$1.81 
billion). The largest component was the direct costs (44%, 
$30,346 [95%CI: $28,336−$32,354]). The total direct 
costs for all people with MS were $777 million (95%CI: 
$755–$804 million). Twenty two percent of the direct per 
person costs ($8,437 [95%CI: $7,154−$9,721]) was born by 
the people with MS, while government and community 
jointly incurred 78% of the direct per person costs ($21,911 
[95%CI: [$20,447−$23,375]). The second largest component 
was the indirect costs from lost wages (32%, $21,858 
[95%CI: $18,743−$24,974]), representing per person loss of 
wages due to early retirement/employment status change/
occupation change. 

 
Table 3.4. Cost of MS by cost category per person and 
for Australia ($2017)

Cost Category
Per Person Costs 

(n=488)
Total (Million)*

Mean (95%CIs) Mean (95%CIs)

Direct costs – personal
$8,437 

($7,154−$9,721)
$216  

($210−$223)

Direct costs – community 
/ government

$21,911 
($20,447−$23,375)

$561  
($545−$580)

Direct costs – total
$30,346 

($28,336−$32,354)
$777  

($755−$804)

Nursing home and 
equivalent costs

$6,343 
($5,139−$7,547)

$162  
($158−$168)

Informal care costs
$7,144 

($5,283−$9,005)
$183  

($178−$189)

Indirect costs from lost 
wages – early retirement

$13,468 
($10,931−$16,004)

$345  
($335−$357)

Indirect costs from lost 
wages – employment 
status change 

$5,408 
($3,982−$6,835)

$138  
($135−$143)

Indirect costs from lost 
wages – occupation 
change

$2,982 
$(1,848−$4,117)

$76  
($74−$79)

Indirect costs from lost 
wages – overall 

$21,858 
($18,743−$24,974)

$560  
($544−$579)

Indirect costs from lost 
productivity - absenteeism

$482  
($312−$651)

$12  
($12−$13)

Indirect costs from 
lost productivity - 
presenteeism

$2,209 
($1,677−$2,741)

$57  
($55−$58)

Indirect costs from lost 
productivity – overall 

$2,691 
($2,052−$3,329)

$69  
($67−$71)

Total Costs
$68,382 

($63,442−$73,322)
$1,751 

($1,701−$1,811)

*Based on 2017 prevalence of MS in Australia of 25,607  
(95%CI: 24,874−26,478)

Over 60% of the indirect costs from lost wages ($13,468 
[95%CI: $10,931−$16,004]) was due to early retirement of 
people with MS. 

Other significant cost components included the informal 
care costs (10%, $7,144 [95%CI: $5,283−$9,005]), nursing 
home costs (9%, $6,343 [95%CI: $5,139−$7,547]) and 
the indirect costs from lost productivity (absenteeism 
+ presenteeism) (4%, $2,691 [$2,052−$3,329]), with 
presenteeism being the largest component of the lost 
productivity costs. Figure 3.1 provides the percentage 
distribution of costs of MS between the key costs categories 
considered. 

Figure 3.1. Cost of MS by cost categories – percent 
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The costs broken down by disability severity are shown in Figure 3.2 (Panels A and 

B). From Panel A, the total per person costs of MS increased with increasing disability 

severity: $30,561, $55,815, $76,916, and $114,813 for no, mild, moderate and severe 

disability, respectively. From Panel B, the direct personal costs and informal care costs 

increased with increasing disability severity. The no disability group did not incur any 

informal care costs. The direct community government costs, indirect costs from lost 

wages, and indirect costs from lost productivity generally increased with increasing 

disability severity. Compared to the mild and moderate disability groups, the severe 

disability group incurred lower costs in the categories of direct costs 

44%

32%

10%

9%
4%Direct costs – total

Indirect costs from lost wages

Informal care costs

Nursing home and equivalent costs

Indirect costs from lost productivity
(absenteeism + presenteeism)

The largest component was the direct costs  
(44%, $30,346). Twenty two percent of the direct 
per person cost ($8,437) were borne ‘out of pocket’ 
by the people with MS themselves, while government 
and community jointly incurred 78% of the direct 
per person costs ($21,911). The second largest 
component was the indirect costs from lost wages 
(32%, $21,858).
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3.4.3 Costs of MS by Cost Category  
and Sub-group

3.4.3.1 Costs of MS by Cost Category  

and Disability Severity 

The costs broken down by disability severity are shown 
in Figure 3.2 (Panels A and B). From Panel A, the total per 
person costs of MS increased with increasing disability 
severity: $30,561, $55,815, $76,916, and $114,813 for no, mild, 
moderate and severe disability, respectively. From Panel B, 
the direct personal costs and informal care costs increased 
with increasing disability severity. The no disability group 
did not incur any informal care costs. The direct community 
government costs, indirect costs from lost wages, and 
indirect costs from lost productivity generally increased  
with increasing disability severity. 

Compared to the mild and moderate disability groups, the 
severe disability group incurred lower costs in the categories 
of direct costs (community/government) (due to lower DMTs 
costs), indirect costs from lost wages and indirect costs from 
lost productivity (due to a substantial proportion of severely 
disabled people aged 65 years and over).  

Figure 3.2. Costs of MS by cost category and disability 
severity - per person ($2017)  

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, 
Moderate includes EDSS levels 4 – 6, and Severe includes EDSS levels  
6.5 – 9.5. Note: disability state was not known for 2 people with MS

 
As shown in Figure 3.2 (Panel B), informal care costs and 
indirect costs from lost wages increased markedly from 
mild disability to moderate disability. Supplemental Table 3A 
provides the itemised breakdown of costs of MS by key cost 
categories/sub-categories and disability severity. Because 
the information on the nursing home distribution of people 
with MS by sub-groups (age group, sex, geographic location, 
MS type, Immunotherapy usage) was not available, the 
nursing home costs are not presented in any of the figures 
comparing costs by sub-groups as the comparison does not 
appear meaningful. 
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and Sex 

The costs broken down by sex are shown in Figure 3.3 
(Panels A and B). From Panel A, the total per person costs 
of MS were slightly higher for males ($71,445) compared to 
females ($67,689). From Panel B, the direct costs, informal 
care costs, and indirect costs from lost productivity were 
similar for both sexes. Indirect costs from lost wages 
however were higher for males relative to females. The 
higher indirect costs from lost wages for the male sex 
appear to be driving the trend observed in the analysis of 
total costs by sex. This is in accordance with the previous 
findings,21 suggesting that the gap in employment (between 
the Australian general population and the Australian 
population of people with MS) is larger for males than 
females and over time the gap has not been bridged for 
males in the same way as it has for females.31 Therefore, 
higher indirect costs from lost wages for the male sex is 
not surprising. Supplemental Table 3B provides the itemised 
breakdown of costs of MS by key cost categories/sub-
categories and sex. 
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The costs broken down by sex are shown in Figure 3.3 (Panels A and B). From Panel 

A, the total per person costs of MS were slightly higher for males ($71,445) compared 

to females ($67,689). From Panel B, the direct costs, informal care costs, and indirect 

costs from lost productivity were similar for both sexes. Indirect costs from lost wages 

however were higher for males relative to females. The higher indirect costs from lost 

wages for the male sex appear to be driving the trend observed in the analysis of total 

costs by sex. This is in accordance with the previous findings,21 suggesting that the 

gap in employment (between the Australian general population and the Australian 

population of people with MS) is larger for males than females and over time the gap 

has not been bridged for males in the same way as it has for females.31 Therefore, 

higher indirect costs from lost wages for the male sex is not surprising. Supplemental 

Table 3B provides the itemised breakdown of costs of MS by key cost categories/sub-

categories and sex.  
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The costs broken down by age group are shown in Figure 3.4 (Panels A and B). From 

Panel A, the total per person costs of MS increased with age up to 54 years, and then 

decreased. The total per person costs did not vary considerably between the people 

aged <35 years and those aged 35-44 years. People aged 65 years and over incurred 

the lowest per person costs. From Figure 3.4 (Panel B), the direct personal costs, and 

informal care costs increased with age. People aged <35 years did not incur any 

informal care costs. In addition, the direct personal costs were minimal for this age 

group. The direct community/government costs (driven mainly by DMT costs), and 

indirect costs from lost productivity decreased with age. Indirect costs from lost wages 

generally increased with age up to 54 years, and then decreased. Supplemental Table 

3C provides the breakdown of costs of MS by key cost categories/sub-categories and 

age group.  

Figure 3.4. Costs of MS by cost category and age group - per person ($2017)
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Figure 3.3. Costs of MS by cost category and  
sex - per person ($2017) 

3.4.3.3 Costs of MS by Cost Category  

and Age Group 

The costs broken down by age group are shown in Figure 
3.4 (Panels A and B). From Panel A, the total per person 
costs of MS increased with age up to 54 years, and 
then decreased. The total per person costs did not vary 
considerably between the people aged <35 years and those 
aged 35-44 years. People aged 65 years and over incurred 
the lowest per person costs. From Figure 3.4 (Panel B), the 
direct personal costs, and informal care costs increased with 
age. People aged <35 years did not incur any informal care 
costs. In addition, the direct personal costs were minimal 
for this age group. The direct community/government costs 
(driven mainly by DMT costs), and indirect costs from lost 
productivity decreased with age. Indirect costs from lost 
wages generally increased with age up to 54 years, and then 
decreased. Supplemental Table 3C provides the breakdown 
of costs of MS by key cost categories/sub-categories and age 
group.  

Figure 3.4. Costs of MS by cost category and age group - 
per person ($2017) 

Age group was not known for 2 participants 

3.4.3.4 Costs of MS by Cost Category  

and State/Territory

The costs broken down by state/territory are shown in 
Figure 3.5 (Panels A and B). From Panel A, the total per 
person costs of MS did not vary considerably between the 
Australian states and territories, with the ACT being an 
outlier (having significantly lower total per person costs of 
MS). From Figure 3.5 (Panel B), no clear patterns emerge. 
However, the lower community/government direct costs 
and the indirect costs from lost wages, and zero informal 
care costs for ACT appear to be driving the significantly 
lower overall per person costs of MS in the ACT. Just over 
50% of the ACT sample were on DMTs (compared to 70% in 
NSW and 80% in VIC), which resulted in lower community/
government direct costs in the ACT. 
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Figure 3.5. Costs of MS by cost category and state/
territory - per person ($2017) 

Note: (1) NT provided data on one person with MS only so we have 
excluded NT from this figure. (2) Five people with MS did not report  
their usual state/territory of residence. 

Furthermore, more than 35% of ACT sample was aged 65 
years or above, which resulted in lower indirect costs from 
lost wages. Finally, less than 1% of the ACT sample had 
severe disability, which may explain lower informal care 
costs in the ACT. TAS had the lowest direct personal costs 
and the highest informal care costs. The higher informal care 
costs in TAS may be related to the Tasmanian sample’s age 
structure (with more than 75% of the sample aged 55 years 
or over). Section 3.3.5.4 provides some explanation of the 
lower direct costs in TAS. Supplemental Table 3D reports 
itemised breakdown of costs of MS by key cost categories/
sub-categories and location (see also, Figure 3.12 and 
Supplemental Table 3J).
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Note: (1) NT provided data on one person with MS only so we have excluded NT from this 
figure. (2) Five people with MS did not report their usual state/territory of residence.  
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Furthermore, more than 35% of ACT sample was aged 65 years or above, which 

resulted in lower indirect costs from lost wages. Finally, less than 1% of the ACT 

sample had severe disability, which may explain lower informal care costs in the ACT. 

TAS had the lowest direct personal costs and the highest informal care costs. The 

higher informal care costs in TAS may be related to the Tasmanian sample’s age 

structure (with more than 75% of the sample aged 55 years or over). Section 3.3.5.4 

provides some explanation of the lower direct costs in TAS. Supplemental Table 3D 

reports itemised breakdown of costs of MS by key cost categories/sub-categories and 

location (see also, Figure 3.12 and Supplemental Table 3J). 

 

The costs broken down by Australian Remoteness Areas are shown in Figure 3.6 

(Panels A and B).  

Figure 3.6. Costs of MS by cost category and Australian Remoteness Areas - per 
person ($ 2017)
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3.4.3.5 Costs of MS by Cost Category  

and Australian Remoteness Areas

The costs broken down by Australian Remoteness Areas are 
shown in Figure 3.6 (Panels A and B). 

Figure 3.6. Costs of MS by cost category and Australian 
Remoteness Areas - per person ($ 2017)

 
From Panel A, the total per person costs of MS did not 
vary markedly between the Australian Remoteness Areas, 
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Figure 3.6 (Panel B), no clear patterns emerge. However, the 
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people with MS were aged between 45 
and 64 years (compared to 53% in 
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driving the higher costs from 
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attract higher costs from lost 
wages (as shown previously in 
Figure 3.4). People in this age 
group tend to be in the prime 
years of their work life (with 
relatively higher incomes) and 
mid-to-late stages of their MS (with 
higher disability levels). Supplemental 
Table 3E reports itemised breakdown of 
costs of MS by key cost categories/sub-categories and 
Australian Remoteness Areas.
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TAS had the lowest direct personal costs and the highest informal care costs. The 

higher informal care costs in TAS may be related to the Tasmanian sample’s age 

structure (with more than 75% of the sample aged 55 years or over). Section 3.3.5.4 

provides some explanation of the lower direct costs in TAS. Supplemental Table 3D 

reports itemised breakdown of costs of MS by key cost categories/sub-categories and 

location (see also, Figure 3.12 and Supplemental Table 3J). 
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Figure 3.14. Direct Costs of MS by cost category and Australian Remoteness Areas - per person ($ 2017) 
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Figure 3.7 Costs of MS by cost category and MS type - per person ($2017)
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49 participants were unsure about their MS type and 35 did not state  

 

Figure 3.8 (Panels A and B) show per person costs of MS stratified by DMT usage. 

From Panel A, the total per person costs of MS were higher for people using any kind 

of DMTs ($72,145), compared to people not on DMTs ($59,649). 

From Figure 3.8 (Panel B), the direct personal costs and informal care costs were 

higher for people not using DMTs. The direct community/government costs (driven 

mostly by DMTs costs) and indirect costs from lost wages were higher for people using 

DMTs, mainly because people on DMTs were younger (14% and 51% aged 65 years 

and over in DMT and no DMT groups, respectively). Our analysis assumed zero wage 

loss for people aged 65 years and over. After we excluded those aged 65 years and 

over from both (DMT and No DMT) groups and reanalysed the indirect cost data for 

people of working ages only, we found that the DMT group had lower costs from lost 

wages ($26,421), compared with the No DMT group ($30,567). Overall, the indirect 

costs from lost productivity did not vary substantially between the two groups. 
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The higher direct community/government costs and indirect costs from lost wages for 

those using DMTs appeared to be driving the trend observed in the analysis of total 

costs by DMT usage. Supplemental Table 3G provides the itemised breakdown of 

costs of MS by key cost categories/sub-categories and DMT usage.  

Figure 3.8 Costs of MS by cost category and DMT usage- per person ($2017) 
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DMT usage history was not available for 17 participants.  

 

As shown in Table 3.5, the direct costs per person with MS were estimated to be 

$30,346 (95%CI: 28,336–32,354). The total direct costs for all people with MS in 

Australia (n=25,607) totalled $777 million (95%CI: 756–804). The largest component 

was the prescription medication costs (55%, $16,723 [95%CI: $15,588−$17,858]), 

with DMTs being the largest component (95% of the prescription medication costs). 

The total prescription medication costs for all people with MS in Australia totalled $428 

million (95%CI: $416−$443), which is roughly one quarter of the total costs of all 

people with MS in Australia ($1,751 million). The second largest direct costs 

component was alterations to car/home ($2,814 [95%CI: $1,928−$3,700]), followed 

by hospitalisations ($2,455 [$1,806−$3,103]), health professionals ($2,282 

[$2,016−$2,548]) and community and private services costs ($2,045 [$1,488−$2,601]. 
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3.4.3.6 Costs of MS by Cost Category  

and MS Type 

The costs broken down by MS type are shown in Figure 3.7 
(Panels A and B). From Panel A, the total per person costs of 
MS were highest for people with SPMS ($93,947), followed 
by people with PPMS ($69,671), PRMS ($66,530) and RRMS 
($62,893). From Figure 3.7 (Panel B), the direct personal 
costs were highest for people with SPMS and lowest for 
people with RRMS. The direct community/government costs 
were highest for people with RRMS and lowest for people 
with PPMS. Informal care costs were substantially lower for 
people with RRMS. Other groups of people with MS (i.e.: 
PPMS, RRMS, and SPMS) had similar informal care costs. 
Indirect costs from lost wages increased as the MS type 
moved from PPMS to RRMS to SPMS. People with PRMS 
however had much lower costs from lost wages. The lowest 
indirect costs from lost wages for PPMS group appeared 
unexpected. However, a closer look at the data revealed that 
more than half (55%) people with PPMS were aged 65 years 
and over (compared to 14% from RRMS group and 40% from 
SPMS group). Such a higher proportion of people aged 65 
years and over in the PPMS group, implied that more than 
half of the PPMS sample did not contribute anything to the 
costs from lost wages for this group, hence, lower indirect 
costs from lost wages. Finally, the indirect costs from lost 
productivity were similar for PPMS and RRMS, and SPMS 
and PRMS. Supplemental Table 3F provides the itemised 
breakdown of costs of MS by key cost categories/sub-
categories and type of MS. 

 

 
 
 
 
 
 

Figure 3.7. Costs of MS by cost category and MS  
type - per person ($2017)

49 participants were unsure about their MS type and 35 did not state 

3.4.3.7 Costs of MS by Cost Category  

and DMT Usage 

Figure 3.8 (Panels A and B) show per person costs of MS 
stratified by DMT usage. From Panel A, the total per person 
costs of MS were higher for people using any kind of DMTs 
($72,145), compared to people not on DMTs ($59,649).

From Figure 3.8 (Panel B), the direct personal costs and 
informal care costs were higher for people not using DMTs. 
The direct community/government costs (driven mostly by 
DMTs costs) and indirect costs from lost wages were higher 
for people using DMTs, mainly because people on DMTs 
were younger (14% and 51% aged 65 years and over in DMT 
and no DMT groups, respectively). Our analysis assumed 
zero wage loss for people aged 65 years and over. Ater we 
excluded those aged 65 years and over from both (DMT 
and No DMT) groups and reanalysed the indirect cost data 
for people of working ages only, we found that 
the DMT group had lower costs from 
lost wages ($26,421), compared with 
the No DMT group ($30,567). 
Overall, the indirect costs from 
lost productivity did not vary 
substantially between the two 
groups.

The higher direct community/
government costs and indirect 
costs from lost wages for those 
using DMTs appeared to be driving 
the trend observed in the analysis of 
total costs by DMT usage. Supplemental Table 
3G provides the itemised breakdown of costs of MS by key 
cost categories/sub-categories and DMT usage. 

 
Figure 3.8. Costs of MS by cost category and DMT 
usage- per person ($2017)

DMT usage history was not available for 17 participants. 

The higher direct community/government costs and indirect costs from lost wages for 

those using DMTs appeared to be driving the trend observed in the analysis of total 

costs by DMT usage. Supplemental Table 3G provides the itemised breakdown of 

costs of MS by key cost categories/sub-categories and DMT usage.  
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DMT usage history was not available for 17 participants.  

 

As shown in Table 3.5, the direct costs per person with MS were estimated to be 

$30,346 (95%CI: 28,336–32,354). The total direct costs for all people with MS in 

Australia (n=25,607) totalled $777 million (95%CI: 756–804). The largest component 

was the prescription medication costs (55%, $16,723 [95%CI: $15,588−$17,858]), 

with DMTs being the largest component (95% of the prescription medication costs). 

The total prescription medication costs for all people with MS in Australia totalled $428 

million (95%CI: $416−$443), which is roughly one quarter of the total costs of all 

people with MS in Australia ($1,751 million). The second largest direct costs 

component was alterations to car/home ($2,814 [95%CI: $1,928−$3,700]), followed 

by hospitalisations ($2,455 [$1,806−$3,103]), health professionals ($2,282 

[$2,016−$2,548]) and community and private services costs ($2,045 [$1,488−$2,601]. 
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Figure 3.14. Direct Costs of MS by cost category and Australian Remoteness Areas - per person ($ 2017) 
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Costs of people 
on DMT are slightly 

higher, driven by higher 
costs of medicines, but 
informal care costs and 

costs from lost wages (for 
people aged <65 years) 

are lower.

Costs for people with Primary Progressive MS (PPMS) 
are also high; however, as they are frequently diagnosed 
at a later age, the impact of lost earnings contributes less 
to the overall costs for people with PPMS. 



34 > Health Economic Impact of Multiple Sclerosis in Australia in 2017  

3.4.4 Direct Costs of MS by Cost Category (Overall)

As shown in Table 3.5, the direct costs per person with 
MS were estimated to be $30,346 (95%CI: 28,336–32,354). 
The total direct costs for all people with MS in Australia 
(n=25,607) totalled $777 million (95%CI: 756–804). The 
largest component was the prescription medication costs 
(55%, $16,723 [95%CI: $15,588−$17,858]), with DMTs being 
the largest component (95% of the prescription medication 
costs).  
 
 
 

The total prescription medication costs for all people with 
MS in Australia totalled $428 million (95%CI: $416−$443), 
which is roughly one quarter of the total costs of all people 
with MS in Australia ($1,751 million). The second largest 
direct costs component was alterations to car/home  
($2,814 [95%CI: $1,928−$3,700]), followed by hospitalisations 
($2,455 [$1,806−$3,103]), health professionals ($2,282 
[$2,016−$2,548]) and community and private services  
costs ($2,045 [$1,488−$2,601].

Table 3.5. Direct costs - by cost category - per person with MS and for Australia ($2017)

Cost Category Per Person Costs (n=488) Total (Million)*

Mean (95%CIs) Mean (95%CIs)

Prescription medication: DMTs $15,882 ($14,771−$16,992) $406.7 ($395.0−$420.5)

Prescription medication: Symptom Specific $524 ($386−$663) $13.4 ($13.0−$13.9)

Prescription medication: Others $317 ($204−$430) $8.1 ($7.9−$8.4)

Prescription medication: Overall $16,723 ($15,588−$17,858) $428.2 ($416.0−$442.8)

Non-prescription medication $347 ($299−$395) $8.9 ($8.6−$9.2)

Disposable equipment $460 ($265−$656) $11.8 ($11.5−$12.2)

Health professionals $2,282 ($2,016−$2,548) $58.4 ($56.8−$60.4)

Nursing services $600 ($407−$793) $15.4 ($14.9−$15.9)

Community and private services $2,045 ($1,488−$2,601) $52.4 ($50.9−$54.1)

Medical tests $801 ($705−$898) $20.5 ($19.9−$21.2)

Hospital stay $2,455 ($1,806−$3,103) $62.9 ($61.1−$65.0)

Special equipment Hiring $17 ($3−$31) $0.4 ($0.4−$0.4)

Special equipment Purchase-MOBILITY $390 ($310−$470) $10.0 ($9.7−$10.3)

Special equipment Purchase-VISUAL AIDS $59 ($41−$78) $1.5 ($1.5−$1.6)

Special equipment Purchase-COMMUNICATIONS $95 ($64−$126) $2.4 ($2.4−$2.5)

Special equipment Purchase-BATHROOM $72 ($45−$99) $1.8 ($1.8−$1.9)

Special equipment Purchase-KITCHEN $24 ($12−$37) $0.6 ($0.6−$0.6)

Special equipment Purchase-BEDROOM $115 ($77−$153) $2.9 ($2.9−$3.0)

Special equipment Purchase-GENERAL $87 ($64−$110) $2.2 ($2.2−$2.3)

Special equipment Purchase-OVERALL $860 ($709−$1,010) $22.0 ($21.4−$22.8)

Alterations to home $2,228 ($1,374−$3,082) $57.1 ($55.4−$59.0)

Alterations to car $586 ($424−$749) $15.0 ($14.6−$15.5)

Alterations to car/home $2,814 ($1,928−$3,700) $72.1 ($70.0−$74.5)

Transport Costs $959 ($555−$1,363) $24.6 ($23.9−$25.4)

Total Direct Costs $30,346 ($28,336−$32,354) $777.0 ($755.8−$803.5)

*Based on 2017 prevalence of MS in Australia of 25,607 (95%CI: 24,874−26,478) 
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Other significant direct cost components were: transport 
($959 [95%CI: $555−$1,363]), special equipment ($860 
[95%CI: $709−$1,010]), medical tests ($801 [95%CI: 
$705−$898]), nursing services ($600 [95%CI: $407−$793]), 
and disposable equipment ($460 [95%CI: $265−$656]). 
Whereas, the non-prescription medications cost the least 
($347 [$299−$395]). Notably, over 45% of the special 
equipment costs was related mobility needs of people  
with MS.

Figure 3.9 provides the percentage distribution of direct 
costs of MS between the key direct costs categories 
included. 

Figure 3.9. Direct Cost of MS by cost categories – 
percent 
 

3.4.5 Direct Costs of MS by Cost Category  
and Sub-group

3.4.5.1 Direct Costs of MS by Cost Category  
and Disability Severity 

The direct per person costs broken down by disability 
severity are shown in Figure 3.10 (Panels A and B). From 
Panel A, the direct per person costs of MS exhibited a 
steady increase with increasing disability severity: $27,085, 
$28,642, $32,744, and $37,815 for no, mild, moderate and 
severe disability, respectively. From Panel B, the prescription 
medications were the largest direct cost component for all 
disability classes. Notably, the prescription medication costs 
for severe disability group were substantially lower than 
other disability groups, which is not surprising as DMTs are 
the biggest component of the prescription medication costs 
and are only rarely administered to people with severe MS. 

As shown in Figure 3.10, costs of non-prescription medication, 
disposable equipment, health professionals, nursing services, 
community and private services, special equipment, 
alterations to car/home and transport generally increased 
with increasing disability severity. Notably, the costs of 
community and private services, and alteration to car/home 
increased markedly as a person with MS transitioned from no 
disability through to severe disability. People with no disability 
did not incur any special equipment costs. 

Compared to people with mild or moderate disability, those 
with severe disability incurred lower costs in the category 
of medical tests (which is expected, as this group may have 
undergone most of the necessary medical tests at the early-
to-mid stages of their MS). The hospitalisation costs were 
highest for mild disability (which may be because people 
at early stages of their MS were accessing new DMTs (such 
as Tysabri and Lemtrada) through hospital-administered 
infusions to halt disease progression and associated disability 
acquisition or because they may still be having more 
relapses as they try to find the most efective DMT for them. 
Other DMTs such as Gilenya (introduced in 2011) require 6 
hours first dose monitoring which may also contribute to 
hospitalisation costs. 

Supplemental Table 3H provides the itemised breakdown of 
direct costs of MS by key cost categories/sub-categories and 
disability severity. 

Other significant direct cost components were: transport ($959 [95%CI: 

$555−$1,363]), special equipment ($860 [95%CI: $709−$1,010]), medical tests ($801 

[95%CI: $705−$898]), nursing services ($600 [95%CI: $407−$793]), and disposable 

equipment ($460 [95%CI: $265−$656]). Whereas, the non-prescription medications 

cost the least ($347 [$299−$395]). Notably, over 45% of the special equipment costs 

was related mobility needs of people with MS. 

Figure 3.9 provides the percentage distribution of direct costs of MS between the key 

direct costs categories included.  
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Figure 3.10. Direct Costs of MS by cost category and disability severity - per person ($2017) 

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, Moderate includes EDSS levels 4 – 6, and Severe includes EDSS levels 6.5 – 9.5. 
Disability state was not known for 2 participants. 
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The direct per person costs of MS exhibited a 
steady increase with increasing disability severity.  
The prescription medications were the largest  
direct cost component for all disability classes.



37> Health Economic Impact of Multiple Sclerosis in Australia in 2017

Figure 3.11. Direct Costs of MS by cost category and sex - per person ($2017)
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3.4.5.2 Direct Costs of MS by Cost Category and Sex

The direct costs broken down by sex are shown in Figure 3.11 
(Panels A and B). From Panel A, the direct per person costs 
of MS are slightly higher for females ($30,992) compared 
to males ($27,487). From Panel B, the higher prescription 
medication and alteration to car/home costs for females 
appear to be driving the trend observed in the analysis of 
the overall direct costs by sex.  

 
 

 
 
From Panel B, women appear to be using more health 
professional services, nursing services, community and 
private services then men. Whereas, non-prescription 
medication, disposable equipment, medical tests, and 
hospitalisations costs are similar for both sexes. Men spend 
more on special equipment purchases and transport. 
Upon checking the data, 30% of men and 15% of women 
had severe disability, which may explain the higher special 
equipment costs for the male sex. Supplemental Table 3I 
provides the itemised breakdown of costs of MS by key cost 
categories/sub-categories and sex.

Figure 3.11. Direct Costs of MS by cost category and sex - per person ($2017) 

The total per person costs of MS were slightly 
higher for males compared to females. Whereas 
direct costs for women are higher, including costs of 
medications, alterations to car and home, and health 
and community services, indirect costs due to lost 
wages are higher for men.
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3.4.5.3 Direct Costs of MS by Cost Category and  
Age Group 

The direct costs broken down by age group are shown in 
Figure 3.12 (Panels A and B). From Panel A, the direct per 
person costs of MS increased with age up to 44 years, and 
then decreased. The direct per person costs did not vary 
considerably between the people aged <35 years and those 
aged 35-44 years. People aged 65 years and over incurred 
the lowest direct per person costs (which is mainly because 
the DMT penetrance was lowest for this age group). 

From Figure 3.12 (Panel B), the costs of non-prescription 
medication, disposable equipment, health professionals, 
community and private services, special equipment, 
alterations to car/home and transport costs generally 
increased with age. 

Whereas, costs of medical tests and hospitalisations 
generally exhibited a decreasing trend with age. A negative 
correlation between the costs of medical tests and age was 
expected as people tend to undergo the necessary medical 
(diagnostic and other) tests at early ages, with relatively less 
disease severity. Similarly, a negative relationship between 
the hospitalisation costs and age was expected, especially 
given the changed DMTs landscape in recent years, as 
people at younger age groups and earlier stages of MS are 
more likely to access DMTs which may be administered 
in hospital (such as Tysabri and Lemtrada infusions) or 
require hospital-based first dose monitoring (e.g. Gilenya). 
Supplemental Table 3J provides the breakdown of direct 
costs of MS by key cost categories/sub-categories and age 
group. 

Figure 3.12. Direct Costs of MS by cost category and age group - per person ($2017) 

Age group was not known for 2 participants
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Figure 3.13. Direct Costs of MS by cost category and state/territory - per person ($2017)
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Note: (1) NT provided data on one person with MS only so we have excluded NT from this figure.  
(2) Five people with MS did not report their usual state/territory of residence. 
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Note: (1) NT provided data on one person with MS only so we have excluded NT from this figure.  
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3.4.5.4 Direct Costs of MS by Cost Category and  
State/Territory

The costs broken down by state/territory are shown in 
Figure 3.13 (Panels A and B). From Panel A, the direct per 
person costs of MS did not vary considerably between the 
Australian states and territories, with the ACT and TAS being 
the outliers (having significantly lower direct per person 
costs of MS). 

From Figure 3.13 (Panel B), no clear patterns emerged. The 
ACT had the lowest prescription medication costs, with TAS 
showing the second least prescription medication costs.  
 
 

 
The lower prescription medication costs in ACT and TAS 
appear to be driving the significantly lower overall direct per 
person costs of MS in the ACT and TAS. Notably, TAS ranked 
the lowest in almost all the direct cost categories, hence 
lower overall direct costs of MS in TAS (Figure 3.13). The 
diferences between states and territories should however 
be interpreted with caution due to the low sample sizes 
for TAS and ACT. Supplemental Table 3K reports itemised 
breakdown of costs of MS by key cost categories/sub-
categories and state/territory. 

Figure 3.13. Direct Costs of MS by cost category and state/territory - per person ($2017) 

Note: (1) NT provided data on one person with MS only so we have excluded NT from this figure.  
(2) Five people with MS did not report their usual state/territory of residence.
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3.4.5.5 Direct Costs of MS by Cost Category  
and Australian Remoteness Areas 

The direct costs broken down by Australian Remoteness 
Areas are shown in Figure 3.14 (Panels A and B). From Panel 
A, the direct per person costs of MS did not vary markedly 
between major cities ($30,037) and inner regional areas 
($32,166). The Outer Regional area had the lowest direct per 
person costs of MS ($24,555) and remote/very remote area 
the highest (38,159). 

From Figure 3.14 (Panel B), no clear patterns emerged, 
except the prescription medication costs vary noticeably 
between the Australian Remoteness Areas. The Outer 
Regional area attracted lowest prescription medication costs 
and Remote/Very Remote area the highest. The diferences 
in prescription medication costs between Australian regions 
appear to be driving the trends observed in the Panel A of 
Figure 3.14.  
 
 
 

 
 
 
People in Outer Regional areas may have diferent treatment 
choices as newer generation medications that require 
hospital delivery or more complex monitoring requirements 
may be less likely to be selected as the most appropriate 
treatment choice in Outer Regional areas. Because both 
(Outer Regional and Remote/Very Remote) areas comprised 
only a small number of people with MS, we cannot say for 
sure what truly is causing these costs diferences. It could 
merely be because of the uncertainty surrounding low 
numbers. 

Whilst people living in remote/very remote areas have the 
lowest community and private services costs, transport 
costs are highest (as expected) for this group. Supplemental 
Table 3L provides the itemised breakdown of costs of MS 
by key direct cost categories/sub-categories and Australian 
Remoteness Areas. 

Figure 3.14. Direct Costs of MS by cost category and Australian Remoteness Areas - per person ($ 2017) 
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Figure 3.14. Direct Costs of MS by cost category and Australian Remoteness Areas - per person ($ 2017) 
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Figure 3.15. Direct Costs of MS by cost category and MS type - per person ($2017)
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49 participants were unsure about their MS type and 35 did not state.  
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3.4.5.6 Direct Costs of MS by Cost Category  
and MS Type 

The direct costs broken down by MS type are shown in 
Figure 3.15 (Panels A and B). From Panel A, the direct per 
person costs of MS were highest for people with SPMS 
($33,435), then people with RRMS ($31,881), closely followed 
by people with PRMS ($30,867). People with PPMS had the 
lowest per person direct costs of MS ($21,122). From Figure 
3.15 (Panel B), as expected, the prescription medication 
costs were highest for RRMS people and the lowest for 
people with PPMS. 

Whilst people with SPMS ranked the second lowest on 
prescription medication costs, they ranked highest on direct 
cost categories of non-prescription medications, disposable 
equipment, health professionals, community and private 
services, special equipment, and transport.  
 
 
 
 

 
 
 
The tendency of people with SPMS to have higher direct 
costs in most categories appears to be driving the highest 
overall direct costs for this group (Panel A of Figure 3.15). 
Importantly, because the costs for people with SPMS 
are higher despite the low DMT costs in this group, this 
additionally highlights the need for interventions to prevent 
people from developing SPMS. Supplemental Table 3M 
provides the itemised breakdown of direct costs of MS by 
key cost categories/sub-categories and type of MS. 

Figure 3.15. Direct Costs of MS by cost category and MS type - per person ($2017) 

49 participants were unsure about their MS type and 35 did not state. 

Figure 3.14. Direct Costs of MS by cost category and Australian Remoteness Areas - per person ($ 2017) 
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Figure 3.15. Direct Costs of MS by cost category and MS type - per person ($2017)
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3.4.5.7 Direct Costs of MS by Cost Category and DMT 
Usage. 

Figure 3.16 (Panels A and B) show direct per person costs 
of MS (overall and stratified by DMT usage). As expected, 
the overall direct costs of MS were higher for people using 
DMTs ($35,956), compared to people not using DMTs 
($16,499). From Panel B, the largest direct cost component 
was the prescription medication costs. As expected, the 
prescription medication costs were higher for people using 
DMTs. 

 
 
 
Costs of non-prescription medications, nursing services, 
and medical tests were reasonably similar for both groups. 
Finally, costs related to health professionals, community and 
private services, special equipment, alterations to car/home 
and transport costs were higher for people not using DMTs. 
Supplemental Table 3N provides the itemised breakdown of 
direct costs of MS by key cost categories/sub-categories and 
DMT usage.

Figure 3.16. Direct Costs of MS by cost category and DMT usage- per person ($2017)
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DMT usage history was not known for 7 participants.  
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Figure 3.16. Direct Costs of MS by cost category and DMT usage- per person ($2017)
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3.5 Discussion 

This chapter has set out the COI estimates for a large 
representative group of Australian people with MS (n=488). 
Whilst some past studies have investigated the COI of MS 
in Australia, these studies sufer from limitations: 1) they 
were based on what is now decade old data; 2) some 
methodological limitations; and 3) these studies lacked 
some of the details that have been incorporated into this 
report. 8, 20 We have used the updated (2016) data to assess 
the costs of MS in Australia in 2017. The COI analysis of this 
report provides per person costs as well as the total costs 
for all people with MS in Australia (based on updated 2017 
Australian MS prevalence estimates). 

A strength of this study is that it captured detailed 
information on a variety of cost items from a large 
representative sample of people with MS. The availability 
of such detailed data allowed us to provide a breakdown 
of costs by various cost categories and sub-categories. 
A further strength is that the study primarily adopted a 
‘bottom-up’ approach, which led to more reliable cost 
estimates than the ‘top-down’ approach. The use of a cost 
diary that needed to be completed every day minimised the 
chances for someone to forget about the costs that they 
incurred during the six-month period, therefore minimising 
the potential for recall bias. In addition, the provision of a 
comprehensive list of items provided within each section 
of the cost diary reminded people of smaller cost items 
that otherwise may have been forgotten. This is the first 
time that transport costs and costs from lost productivity 
(absenteeism + presenteeism) have been accounted for, 
which provides a more comprehensive estimate of costs 
compared to the previous COI analyses in Australia. 
Additionally, in this report and unlike the previous reports, 
we have been able to provide the cost breakdowns by type 
of MS, state/territory of usual residence, and DMT usage. 

A possible limitation of this study is that we had relatively 
small number of participants from the ACT (n=28) and TAS 
(n=25), which may make the estimates for these states/
territories relatively less reliable. In addition, we had just 
one participant complete the cost diary from the NT, which 
did not allow us to provide the breakdown of overall and/
or direct costs of MS for the NT population. A further 
limitation is that our analysis did not include intangible costs 
(like the costs of pain, grief and sufering) associated with 
MS, however these are captured elsewhere in this report by 
measuring quality of life/health state utility values. Finally, 
no direct clinical measures of disability levels were included 
in the AMSLS EIS 2016. However, the survey captured self-
reported estimates of disability using PDDS that provides 
an assessment of mobility-based functional disability in MS. 
PDDS has previously been validated as correlating highly 
with the EDSS.24 We used the self-reported PDDS scores to 
calculate approximate EDSS scores for our sample.

The following sections compare our results with those 
from previous Australian studies, as well as those from 
other nations. We also compared the COI of MS with COI 
estimates of other diseases in Australia to provide the 
context for MS. 

 
3.5.1 Comparison with Previous COI  
Studies in MS for Australia

Two previous COI studies in MS have been published for 
Australia.8, 22 In 2005, Access Economics performed an 
analysis of the economic costs of MS in Australia.22 The 
study primarily took a ‘top-down’ approach supplemented 
by a ‘bottom-up’ approach where data were available. The 
Access Economics study estimated that the total (direct 
and indirect) financial costs of MS in 2005 were $37,333 per 
person with MS.22 

The 2011 study later updated these cost estimates using 
primarily a ‘bottom up’ research methodology.8 Whilst the 
current analysis is based on a methodology similar to that of 
2011 study, our results are much more detailed and include 
some additional cost categories/sub-categories that are 
important to the detailed analyses of costs for MS.

Importantly, the cost categories covered in the 2005 
Access Economics study as well as the methodology they 
used to generate these costs were very diferent from the 
analysis presented in this report. Additionally, the 2005 
Access Economics study did not report socio-demographic 
characteristics of the sample, which makes it hard to know 
if the sample was representative of the overall Australian MS 
population. 

Based on the reasons explained above; it was not possible 
to draw a meaningful comparison between the 2005 
results and the current study. We have therefore only 
compared our results with the 2011 economic impact of 
MS report that matches with our analysis both in terms of 
its methodological framework and in terms of the majority 
of the cost categories considered. Table 3.6 compares 
(where possible) the demographic and other features of the 
participants included in 2010 and 2017 COI analyses.

In particular, we compared participants’ age (at the diagnosis 
of MS), age group distribution, sex, disability severity and 
geographic distributions.
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Table 3.6. Characteristics of the participants in the 2017 
and 2010 analyses

Characteristics
2017 Analysis 

(N=488)

2010 Analysis 

(N=712)

Sex

Male % (n) 19 (90) 21 (146)

Female % (n) 81 (398) 79 (565)

Age group 

<35 % (n) 4 (18) 6 (43)

35-44 % (n) 15 (73) 17 (124)

45-54 % (n) 26 (125) 30 (215)

55-64 % (n) 31 (151) 31 (223)

65+ % (n) 24 (119) 14 (99)

Not stated % (n) <1 (2) N/A*

State of usual residence 

NSW % (n) 27 (132) 34 (245)

VIC % (n) 25 (123) 28 (200)

QLD % (n) 15 (72) 12 (85)

SA % (n) 10 (50) 10 (71)

WA % (n) 11 (52) 7 (49)

ACT % (n) 6 (28) 3 (23)

TAS % (n) 5 (25) 5 (34)

NT % (n) <1 (1) <1 (1)

Not stated % (n) 1 (6) <1 (4)

MS type

PPMS % (n) 6 (32) N/A

RRMS % (n) 60 (291) N/A

SPMS % (n) 14 (68) N/A

PRMS % (n) 3 (13) N/A

Unsure % (n) 10 (49) N/A

Not stated % (n) 7 (35) N/A

DMT 

Yes % (n) 69 (339) N/A

No % (n) 30 (142) N/A

Not stated % (n) 1 (7) N/A

Disability severity 

No disability % (n) 21 (103) N/A

Mild disability % (n) 25 (122) N/A

No/mild disability* % (n) 46 (225) 44 (315)

Moderate disability % (n) 35 (173) 33 (236)

Severe disability % (n) 18 (88) 16 (113)

Not stated % (n) <1 (2) 7 (48)

MS duration 

Average in years (n) 15.5 (472) N/A

Age

Average in years (n) 55.8 (486) 52.6 (712)

N/A = not applicable  
*mild disability category of the 2011 economic impact of MS report

As shown in Table 3.6, four out of five respondents in both 
samples (81% in 2017 and 79% in 2010) were female. The 
mean age (55.8 years) in 2017 was slightly higher than the 
2010 sample’s mean age (52.6 years). We had data on age 
distribution of both samples. The participants were grouped 
into five age groups (namely: <35 years, 35–44 years, 
45–54 years, 55–64 years, and 65+ years). The age group 
distribution of both samples was reasonably similar, although 
the 2017 analysis included a considerably higher proportion 
of people aged 65+ years (+10 percentage points). The 
geographic distribution of both samples was comparable. 
Whilst more than half of both samples came from NSW and 
VIC, the 2017 analysis had a greater representation from WA 
and ACT. 

Contrary to the 2017 analysis, the 2010 analysis grouped 
people with no disability and mild disability together in one 
category of disability (namely: mild disability). We have 
therefore created an additional disability group (No/mild 
disability) by combining our ‘no disability’ and ‘mild disability’ 
groups together to make the disability severity comparison 
more meaningful. As shown in table 3.7, the disability 
severity distribution of the two samples is comparable, with 
46% and 44% mild, 35% and 33% moderate, and 18% and 16% 
severe people with MS in 2017 and 2010 respectively. The 
data on type of MS, DMT usage, and duration of MS was 
available only for the sample used in 2017 analysis. Therefore, 
comparison between the two samples was not possible for 
these variables. 

Total costs: Table 3.7 provides the total per person costs of 
MS in Australia based on 2017 and 2010 analyses. Please note 
that we have inflated the estimates of 2010 analysis to 2017 
levels to draw a more meaningful comparison. The overall 
per person costs of MS increased to $68,382 in 2017 from 
$58,652 in 2010. Despite a doubling of direct costs due to 
DMTs and other factors between 2010 and 2017, the overall 
increase in costs between the two periods is less than 
$10,000. This maybe an indication of the benefits associated 
with newer higher eicacy DMTs to ofset some of the 
indirect costs associated with MS. 

Direct costs: It can also be seen that total direct per 
person costs in 2017 ($30,346) have nearly doubled from 
2010 ($16,306). Whilst the diference appears substantial, 
this was expected because the current treatment landscape 
in Australia has changed in the past decade. Australia has 
introduced a number of new DMTs during this period. 
The new DMTs are not only relatively high in price but the 
mode of administration of these drugs is diferent, with 
many requiring hospitalisation for infusions (e.g. Tysabri 
and Lemtrada) and/or additional safety monitoring (e.g. 
Fingolimod). This will lead to higher inpatient care needs 
for people with MS, resulting in higher costs related to 
hospitalisation, health professionals, and others. In addition, 
a higher percentage of people with MS now use DMTs 
(~69%) compared to 2010 (~47%). The 2017 direct costs are 
also higher because the 2017 analysis included an additional 
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direct cost category of ‘Transport Costs’, which represents 
costs associated with the use of private car, patient 
transport, public transport, taxis, and car parking fees by 
people with MS in relation to their disease (see Table 3.8). 
We have provided the breakdown of direct costs for both 
samples (2017 and 2010) in Table 3.8 (discussed later in this 
section).

Table 3.7. Comparing the per person cost of MS by cost 
category ($2017) 

Cost Category
2017 

Estimates 
(n=488)

2010 
Estimates 

(n=712) 

Mean Mean 

Direct costs – personal $8,437 $4,181

Direct costs – community / 

government
$21,911 $12,125

Direct costs – total $30,346 $16,307

Nursing home and equivalent costs $6,343 $4,958

Informal care costs $7,144 $8,357

Indirect costs from lost wages –  

early retirement
$13,468 N/A

Indirect costs from lost wages – 

employment status change 
$5,408 N/A

Indirect costs from lost wages – 

occupation change
$2,982 N/A

Indirect costs from lost wages – 

overall 
$21,858 $29,030

Indirect costs from lost productivity - 

absenteeism
$482 N/A

Indirect costs from lost productivity - 

presenteeism
$2,209 N/A

Indirect costs from lost productivity 

– overall 
$2,691 N/A

Total Costs $68,382 $58,652

N/A = Not Applicable

Nursing home costs: The nursing home costs reported in 
Table 3.7 are higher for 2017 ($6,343), compared to 2010 
($4,958). This increase is due to a substantial increase in the 
Australian Institute of Health and Welfare (AIHW)’s estimate 
of accommodation support per person between 2008-09 
($75,057) and 2015-16 ($109,715). Section 3.2 (Materials and 
Methods) explains how we obtained the estimate of per 
person nursing home costs for our sample using AIHW’s 
accommodation and support estimates of 2015-16. The 2010 
estimates were obtained following the same approach but 
using 2008-09 estimates of accommodation and support 
from AIHW. 

Indirect costs from lost wages: Interestingly, the indirect 
costs from lost wages declined from $29,030 (49% of the 
total costs) in 2010 to 21,858 (32% of the total costs) in 2017. 
This could be because of the recent positive shits in the 
employment landscape for people with MS in Australia - A 
2017 Australian study has demonstrated that the long-standing 
diference in employment rates for people with MS compared 
to the general population has reduced.21 The study shows that 
the employment outcomes for people with MS in Australia 
have improved, with more people with MS now staying in 
the labour market and returning to the workplace. Consistent 
with the findings of this previous Australian study,21 we expect 
that the availability of more recent higher eicacy DMTs and 
this new era of patient-centred MS management approaches 
has resulted in better employment outcomes for Australian 
people with MS. In addition, the recent evidence shows that 
requests for work role and work environment adjustments 
in today’s Australia are almost always provided,21 which may 
also contribute to the improved employment outcomes 
for people with MS. Together, these factors largely explain 
the reduced indirect costs from lost wages (due to early 
retirement/employment status change/occupation change) in 
2017 analysis, compared to 2010. In this 2017 analysis we have 
broken down the indirect costs from lost wages into three 
sub-categories, however, no comparison can be made within 
these sub-categories to the 2011 study as this breakdown was 
not performed at that time.

Informal care costs: Like indirect costs from lost wages, the 
informal care costs also recorded a decline between the two 
periods. Specifically, the informal care costs declined from 
$8,357 (in 2010) to 7,144 (in 2017). Better health outcomes for 
people with MS due to the use of more efective DMTs, and 
better (patient-centred) management of MS may explain this 
pattern. 

Lost productivity: As shown in Table 3.7, the 2017 COI 
analysis covered an additional cost category: indirect costs 
from lost productivity (absenteeism + presenteeism). Because 
the 2010 COI analysis did not cover these costs, we are unable 
to compare the lost productivity costs between the two 
samples. 

Table 3.8 provides the breakdown of direct costs for both 
samples. The 2017 analysis is much more detailed as it has 
broken down the costs of prescription medication, special 
equipment, and alteration to car/home into more than 
one sub-category, which was not the case with the 2010 
analysis. A substantial increase in the costs of prescription 
medications (DMTs and others), health professionals, 
medical tests and hospitalisations occurred between 2010 
and 2017. The increased health professional, medical tests 
and hospitalisations costs could be due to the increased 
monitoring with some of the higher eicacy, higher risk 
medications. In addition, some of the new DMTs (such as 
Tysabri and Lemtrada) are given through hospital administered 
infusions so may have consequences to further inflate the 
hospitalisation and health professional costs. 
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Table 3.8. Comparing the direct costs - by cost category 
- per person with MS ($2017) 

Cost Category
2017 Estimates 

(n=488) 
2010 Estimates 

(n=712)

Prescription  
medication_DMTs

$15,882 N/A

Prescription medication 
_Symptom Specific

$524 N/A

Prescription  
medication_Others 

$317 N/A

Prescription  
medication_Overall 

$16,723 $9,648

Non-prescription 
medication

$347 $321

Disposable equipment $460 $163

Health professionals $2,282 $970

Nursing services $600 $551

Community and  
private services

$2,045 $1,051

Medical tests $801 $265

Hospital stay $2,455 $379

Special equipment Hiring $17 N/A 

Special equipment 
Purchase-MOBILITY

$390 N/A 

Special equipment 
Purchase-VISUAL AIDS

$59 N/A 

Special equipment 
Purchase-
COMMUNICATIONS

$95 N/A 

Special equipment 
Purchase-BATHROOM

$72 N/A 

Special equipment 
Purchase-KITCHEN

$24 N/A 

Special equipment 
Purchase-BEDROOM

$115 N/A 

Special equipment 
Purchase-GENERAL

$87 N/A 

Special equipment 
-OVERALL

$860 $556

Alterations to home $2,228 N/A 

Alterations to car $586 N/A 

Alterations to car/home $2,814 $2,403

Transport Costs $959 N/A

Total Costs $30,346 $16,307

N/A = not applicable

A considerable increase in the categories of disposable 
equipment and special equipment costs was also observed 
between the two periods, which may be because the 
provision of a comprehensive list of items provided within 
each section of the cost diary prompted people to record 
smaller cost items that otherwise may have been forgotten.

 
3.5.2 Comparison with International COI estimates  
of MS

Whilst the costs of MS vary considerably between countries, 
the economic impact of MS is substantial in all countries.  
The cost of illness per person with MS in Australia of $68,382 
is consistent with the range of reported estimates from most 
other nations. Table 3.9 shows per person total mean costs, 
direct (medical and non-medical) costs and indirect costs of 
MS for Australia and 15 other nations. All costs are presented 
in AUD 2017. 

Table 3.9. Costs per person with MS in Australia and 
other nations ($ 2017) 

Country Direct Costs* Indirect Costs Total Costs

Australia $43,833 $24,549 $68,382

Austria a $52,505 $20,562 $73,067

Belgium b $43,480 $24,818 $68,298

Czech Republic c $9,798 $8,566 $18,364

Denmark d $42,292 $25,205 $67,497

France e $39,469 $16,150 $55,619

Germany f $44,445 $24,478 $68,923

Hungary g $16,022 $8,595 $24,617

Italy h $44,495 $14,939 $59,434

Poland i $14,584 $8,647 $23,231

Portugal j $28,409 $12,250 $40,659

Russia k $12,124 $5,515 $17,639

Spain l $51,247 $19,139 $70,386

Sweden m $60,577 $22,148 $82,725

Switzerland n $60,107 $31,977 $92,084

United Kingdom o $31,868 $19,216 $51,084

Overall Average $37,203 $17,922 $55,126

*includes direct medical and direct non-medical costs; a, Berger and Kobelt 
et al (2017)33; b, Dubois and Kobelt et al 2017 34; c, Havrdova and Kobelt et 
al 2017 35; d, Rasmussen and Kobelt et al 2017 36; e, Lebrun-Frenay andKobelt 
et al 201737, f, Flachenecker and Kobelt et al 2017 38; g, Péntek and Kobelt et 
al 2017 39; h, Battaglia and Kobelt et al 2017 40; i, Selmaj and Kobelt et al 2017 
41; j, Sá and Kobelt et al 2017 42; k, Boyko and Kobelt et al 2017 43; l, Oreja-
Guevara and Kobelt 44; m, Brundin and Kobelt et al 45; n, Calabrese and 
Kobelt et al 2017 46; o, Thompson and Kobelt et al 2017 47
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As shown in Table 3.9, the costs per person with MS ranged 
from $17,639 in Russia to $92,084 in Switzerland, with an 
overall average of $55,126. The direct (medical and non-
medical) costs ranged between $9,798 (Czech Republic) and 
$60,577 (Sweden), and indirect costs ranged between $5,515 
(Russia) and $31,977 (Switzerland).

The figures reported in Table 3.9 show that per person costs 
of MS in Australia are comparable with most nations. For 
instance, Belgium ($68,298), Denmark ($67,497), Germany 
($68,923) and Spain ($70,386) had overall per person costs of 
MS that were similar to those in Australia ($68,382). Whereas 
Austria ($73,067), Sweden ($82,725) and Switzerland ($92,084) 
ranked higher than Australia in terms of their per person costs 
of MS. We found that, per person costs of MS in Australia are 
substantially higher than Russia ($17,639), Poland ($23,231) and 
the Czech Republic ($18,364). Australian costs are also ahead 
of France ($55,619), Italy ($59,434), Portugal ($40,659), and 
the United Kingdom ($51,084), but the diference between 
these nations are relatively small. Switzerland appears to be 
the highest-ranking country with a total per person costs of 
($92,084), followed by Sweden ($82,725). 

Overall, the diferences in costs could be due to several 
reasons, including the underlying diferences in the MS 
treatment and management costs, the cost categories 
considered in the analysis, cost analysis approaches, and 
typical care provided to people with MS during the time-
period of analysis. Additionally, the demographics of the 
nation (or the composition of the samples) including age, 
disease severity, and DMT usage will difer (e.g. the European 
nations in Table 3.9 recorded a range of DMT usage from 
26 to 79%, and a mean age range of 38.5 to 56.7 years). 
Diferences in resource consumption may also be heavily 
influenced by healthcare system organisation and availability 
of services in various nations. These diferences may lead to 
a range of estimates; therefore, care must be taken when 
comparing results from diferent studies.

 
3.5.3 Comparison with Other Chronic Diseases  
in Australia

To provide a context for MS, a comparison of costs 
associated with other diseases in the Australian setting 
is provided in Table 3.10. All costs are presented in AUD 
2017. It is important to note that many of these comparison 
studies have not adopted the comprehensive methodological 
approach of this report regarding both direct and 
indirect costs. One study that was reasonably broad (and 
comparable) in the identification of costs was a COI study 
regarding Parkinson’s disease. 48 This study showed that the 
costs per person for Parkinson’s disease was comparable 
to the costs of MS. Additionally, this study also showed that 
the costs of Parkinson’s disease escalated as disease severity 
increased, which is also consistent with our findings in MS. It 
can be seen that mean costs per person with MS in Australia 
are lower than dementia and comparable to the costs for 
the first year following a stroke (all severity) and diabetic 
renal failure, however, both measured direct costs only. The 

costs of MS per person 
is three times more than 
those of a person with type 
2 diabetes. 

The diferences in costs of 
various diseases can arise for many 
reasons. For instance, in direct contrast to the patient-
level costing methodology adopted in our study and all 
other studies in Table 3.10, a study that described the per 
person costs of Motor Neuron Disease adopted a top-down 
approach to costing. Furthermore, the studies in Table 3.10 
difer in terms of the key cost categories considered (e.g. 
direct health care costs, direct non-healthcare costs, indirect 
costs and government subsidies). We therefore recommend 
that the costs presented in Table 3.10 be interpreted with 
caution as being derived from diferent methodologies using 
varying sample sizes, and cost categories.  

Table 3.10. Comparing the costs of MS and other diseases 
in Australia 

Disease Cost categories Total costs

Multiple Sclerosis
Direct (healthcare + non-
healthcare) and Indirect

$68,382

Motor Neuron 
Disease49 

Direct (healthcare + non-
healthcare) and Indirect

$151,913

Dementia 50 
Direct (healthcare + non-
healthcare)

$89,740

Parkinson’s disease 
48

Direct (healthcare + non-
healthcare) and Indirect

$79,107

Stroke first year 51 Direct (healthcare + non-
healthcare) and Indirect

$55, 272

Diabetic renal failure 
subsequent years 52 Direct healthcare costs $54,803

Diabetic renal failure 
first year 52 Direct healthcare costs $34,252

Diabetes both micro 
and macro vascular 
symptoms 53

Direct (healthcare + non-
healthcare) and government 
subsidies

$21,888

Diabetes-related 
chronic leg ulcer 
first year 52

Direct healthcare costs $18,420

Diabetes no 
symptoms 53

Direct (healthcare + non-
healthcare) and government 
subsidies

$12,143

Hemochromatosis 
(severe) 54

Direct (healthcare + non-
healthcare) and Indirect

$10,435

Obesity (BMI 
30−34.9 kg/m2) 55

Direct (healthcare + non-
healthcare) and indirect 
(government subsidies)    

$9,181

Overweight 55

Direct (healthcare + non-
healthcare) and indirect 
(government subsidies)    

$6,349

Depression/anxiety 56 Direct (healthcare + non-
healthcare) and Indirect

$4,977 

The annual per 
person costs of MS 

are comparable to those 
of a person with Parkinson’s 

disease, or the first year 
following a stroke and are 
three times higher than for 

a person with Type 2 
Diabetes.
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4.1 Summary

The aim of this chapter was to assess the impact of MS on 
quality of life (QoL). We achieved our aim by estimating 
and analysing measures called health state utility values 
(HSUVs also known as ‘utilities’), and unique measures, 
called dimensional scores, of physical and psychosocial 
health states using the latest available data and updated 
methodologies of the Assessment of Quality of Life 8 
Dimension (AQoL-8D) multi-attribute utility instrument.

HSUVs are a numerical measure of QoL measured by a multi-
attribute utility instrument. Importantly, HSUVs are derived 
from what is known as a patient-reported outcome and are 
anchored at a HSUV or utility valuation of ‘0’ for death and ‘1’ 
for perfect health (maximum value). The AQoL-8D’s unique 
super and individual dimensional ‘scores’ are also scored 
between 0 and 1.

In summary, we found that the HSUV in 2016 for people 
with MS sourced from the EIS 2016 was mean (SD) 0.61 
(0.22). This HSUV is substantially reduced from that of the 
Australian general population with a HSUV of 0.80 (0.19).

We also found that as MS-related disability increased, the 
HSUV decreased substantially. People with MS with no 
disability reported a HSUV that was similar to the general 
Australian population. There was a substantial fall in HSUV 
(almost 0.20 utility points) between no disability and mild 
disability from mean (SD) 0.81 (0.16) to 0.65 (0.19). HSUVs 
substantially diminished further for people with moderate 
(0.54 [0.19]) and severe disability 
(0.48 [0.19]).

When the overall sample 
was investigated for 
diferent groups of 
people with MS 
such as males and 
females, age groups, 
geographical location 
(including Australian 
Remoteness Areas of 
geographical location), 
disease severity and people 
using DMTs or not, we found 
that the highest recorded HSUV 
(or utility) was for people with MS with ‘no disability’. 
The lowest recorded HSUV was for people with ‘severe 
disability’. In other words, as MS-related disability worsens, 
QoL worsens dramatically. People using DMTs had a higher 
HSUV compared to those not using DMTs.

Importantly, the assessed psychosocial health status for 
people with MS was low (measured by the AQoL-8D’s 
Psychosocial super dimension) and partially drove the low 
HSUVs for the overall sample.  
The key drivers for low psychosocial health status were the 
individual dimensions of Mental Health and Relationships. 
Additionally, the assessed physical health status through the 
Physical super dimension was also relatively low and the 
key drivers identified for this reduced physical health were 
the individual physical dimensions of Pain and Independent 
Living.

Additionally, the physical dimensions of Independent Living 
(increased) and Pain (decreased) drove the higher HSUV for 
people with MS using DMTs, compared to people not using 
DMTs. Psychosocial health was similar for both groups using 
DMTs.

As age increased, HSUV decreased and this trend was 
the opposite of the Australian population norms for the 
AQoL for older age groups. We found that the physical 
health impacts of MS were proportionally higher than the 
psychosocial impacts of the disease as people with MS aged.

Compared to the 2011 economic impact of MS report, we 
found that the overall HSUV was slightly lower compared to 
the HSUV of 0.65 in 2010. The likely explanation for this are 
the diferences in instrument measurement: the 2011 report’s 
HSUVs were derived from mapped responses to the EQ-5D-
3L (indirect) rather than directly measured using the direct 
reported outcomes from people with MS. In other words, 
the HSUVs from the mapped (or derived) values cannot be 
compared to the AQoL-8D, which contains a sophisticated 
and broad health status classification system to particularly 
capture complex health needs at a particular time-point and 
longitudinal changes for people with complex and chronic 
disease.

When the AQoL-8D has been used for other chronic disease 
states, 57 we found that the HSUV for people with MS (0.61) 
was similar to people with chronic cancer and arthritis 
(HSUV 0.66 and 0.63), and the HSUV for people with MS 
was also similar to an AQoL-8D composite measure of 
chronic disease of 0.64 where the chronic diseases included 
cancer, heart disease, asthma, depression, arthritis, diabetes 
and hearing loss. As MS disease severity worsened for our 
study respondents, the AQoL-8D HSUV was similar to people 
with chronic depression, namely a HSUV of 0.45.

Chapter 4 Quality Of Life/Health State Utility 
Values For People With Multiple Sclerosis

On average, the Quality 
of Life (QoL) as measured 
by the health state utility 
valuation (HSUV) of the 

Australian MS population is 
31% less than the Australian 

population norm.

QoL for people with severe MS is comparable to, 
or even lower than the QoL reported for people with 
terminal metastatic cancer, chronic kidney disease 
and severe heart disease.
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4.2 Introduction

4.2.1 The Quality Of Life For People With MS

The age of onset of MS typically occurs when people are 
establishing families and careers.6, 58 MS symptoms are 
complex, interdependent and afect both the physical and 
psychosocial QoL for people with MS. 58, 59

The International Society for Quality of Life Research 
states that a number of definitions exist, but there is broad 
agreement that QoL “is a functional efect of a medical 
condition and/or its consequent therapy upon a patient: it is 
subjective and multidimensional, encompassing physical and 
occupational function, psychological state, social interaction 
and somatic sensation”.60 

For people with chronic disease, capturing and assessing 
complex physical and psychosocial health needs through 
patient-reported outcomes is crucial. 57, 61-63 In turn, QoL 
changes for people with MS have been widely documented 
using a range of client-reported, disease-specific and 
generic QoL, and multi-attribute utility instruments.59, 64, 65

Multi-attribute utility instruments measure QoL by 
asking the participant to respond to a range of survey 
questions.66-68 An algorithm specific to the multi-attribute 
utility instrument then uses the participants’ responses to 
these questions to calculate a single measure called a HSUV 
or ‘utility’ to measure QoL. A HSUV is valued between 0 
(death) and 1 (perfect health). Utilities can also be scored 
at less than 0: a health state considered to be worse than 
death. Importantly, HSUV’s are a health economic input 
measure for health economic evaluation 69 and can also be 
used as independent predictors of health.68 

Until now, the most recent Australian study that assessed 
HSUVs from the AMSLS (the 2011 economic impact of MS 
report) used an indirect method to approximate values 
for the EQ-5D-3L multi-attribute utility instrument and 
compared HSUVs with the severity of disease using the 
Expanded Disability Status Scale (EDSS) of mild, moderate 
and severe.59 

Importantly, this 2011 economic impact of MS report found 
that as disease progressed from mild to severe, there was a 
substantial decrease in the patient-reported QoL - the HSUV 
decreased by approximately 0.2 utility points or one-fith of 
the reportable QoL.

This current report is the first study to employ the AQoL-8D 
multi-attribute utility instrument to assess quality of life for 
Australian people with MS.

4.3 Materials And Methods

4.3.1 Assessing Physical And Psychosocial Health  
Using The AQOL-8D

The AQoL–8D multi-attribute utility instrument was 
specifically developed to achieve an increased sensitivity 
for capturing and assessing the complex physical and 
particularly psychosocial QoL health states that are relatively 
neglected in other multi-attribute utility instruments, 
particularly for people with chronic disease states. 67, 70 71, 72 63 

Importantly, the AQoL-8D estimates a HSUV and the unique 
composite ‘super-dimension’ and individual dimension scores 
between ‘0’ and ‘1’.

Figure 4.1 reveals the depth and breadth of the AQoL-
8D’s classification system where the AQoL-8D’s 35 items 
(or questions) load to eight individual dimensions of 
physical and psychosocial health to generate individual 
dimensional scores. The three physical health dimensions are 
Independent Living, Senses and Pain. The five psychosocial 
health dimensions are Mental Health, Self-worth, 
Relationships, Coping and Happiness. From these individual 
dimensions the AQoL-8D also generates two ‘weighted’ 
super dimension scores: the Physical super dimension and 
the Psychosocial super dimension.70

Because of the AQoL-8D’s detailed classification system, it 
helps to identify the reasons that drive the overall HSUV 
for the study population, and it can also help to identify the 
reasons why a HSUV changes in response to an intervention 
such as a DMT.57, 61-63, 73 

Psychosocial QoL impacts for people with MS are 
substantial across all age groups, whereas physical 
health impacts become substantially higher as people 
with MS get older.
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Figure 4.1. The AQoL-8D structure: Items, individual dimensions and super dimensions

Source: Richardson et al (2014).70
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The AQoL-8D’s comprehensive classification system and 
algorithm enables it to capture and assess billions of separate 
health states (namely 2.4 times 10 to the power of 23) 74 
compared to, for example, the EQ-5D multi-attribute utility 
instruments that only measure 243 (EQ-5D-3L) and 3,125 
(EQ-5D-5L) separate health states.67 

A HSUV is generated for each participant’s responses to the 
AQoL-8D’s 35 questions, and a mean (average) HSUV (utility) 
for the study population is also calculated. Mean super and 
individual dimension scores are also generated for values 
between 0 and 1. These mean valuations are reported in this 
study.

The Physical and Psychosocial super dimension scores can 
be lower than all of the individual dimension scores because 
the AQoL-8D’s mathematical algorithm may provide more 
weight to particular responses to questions and indeed the 
population norms generated for the Australian population 
reflect this point. To illustrate, the Psychosocial super 
dimension score for the general Australian population is 0.50 
and the scores for the individual dimensions of psychosocial 
health (Mental Health, Coping, Relationships, Self-worth and 
Happiness) are higher than 0.50 ranging from 0.69 to 0.85.

 
4.3.2 Assessing Physical and Psychosocial Health for 
People with MS in Australia using the AQoL-8D

The EIS 2016 (Baseline Survey) participants were asked to 
complete the AQoL-8D’s 35 item questionnaire, providing 
baseline cross-sectional data for detailed QoL analyses. 
Longitudinal AQoL-8D data will be available for future 
analyses and reports.

The AQoL-8D’s HSUVs and individual and super dimension 
scores were expressed as mean (standard deviation (SD)). 
Proportions were expressed as a percentage. AQoL-8D 
Australian population norms were recently generated by the 
instrument’s developers and these norms were extracted 
from the published sources and expressed as mean (SD).72 

We stratified our QoL/HSUV results by age groups (namely, 
< 35 years, 35 – 44 years, 45 – 54 years, 55 – 64 years, 
and 65 + years), sex, Australian geographical location and 
Remoteness Areas, MS type, use of DMTs (yes, no), and MS-
disease severity.

In regard to MS-disease severity, the respondents were 
stratified into severity of disease categories of no disability 
(EDSS level: 0), mild disability (EDSS levels: 1–3.5), moderate 
disability (EDSS levels: 4–6) and severe disability (EDSS 
levels: 6.5–9.5). Please see Table 3.4 for further details. 

4.4 Results

4.4.1 Participant Characteristics

We invited all 3,163 active AMSLS participants to complete 
the AQoL-8D questionnaire from April to June 2016. N = 
1,577 (49.9%) participants responded with n = 1,112 online, 
and n = 465 paper-based questionnaires.

Table 4.1 describes the characteristics of the participants 
included in the QoL/HSUV analysis. The key characteristics 
of the 2016 EIS (Baseline Survey) non-respondents, and the 
EIS 2007-08 respondents are also provided in Table 4.1. We 
compared respondents with non-respondents of the EIS 2016 
(Baseline Survey) to test for selection-bias. Compared to the 
2007-08 baseline survey, the 2016 participants were a little 
older (+1.26 years, p<0.01), but there were no diferences 
in sex (p=0.76), Australian state of residence (p=0.37), and 
duration of MS from diagnosis (p=0.72).

In regard to respondent characteristics, the average age was 
55.5 years and MS-duration was 15.3 years, four out of five 
respondents were female for all of the categories. Similarly, 
almost three-quarters of the participants were in the 35 to 
64-year age group. Most participants resided in VIC and 
NSW. 

For the EIS 2016 (Baseline Survey) respondents, (a diferent 
sample to the prevalence calculations) 58% were currently 
being treated with DMTs and 55% of this 2016 survey 
respondent group reported their disease course as RRMS, 
followed by 12% reporting their disease course as SPMS. For 
the 2016 survey respondent group, the measure of disability 
severity showed that over half the sample of people with MS 
were in the moderate and severe disability categories.

Quality of Life for people with MS who are living 
with severe disability is 41% lower compared to 
people with MS with no disability.

This substantially reduced QoL is primarily driven by 
the individual health domains of pain, independent 
living, mental health and relationships.
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Table 4.1. Characteristics of the participants  
in the QoL/HSUV analyses  

EIS 2016 
Respondents

EIS 2016  
Non-

respondents

EIS 2007-08  
Respondents

Characteristics (N=1,577) (N=1586) (N=2146)

Sex

Male % (n) 21 (339) 21 (334) 20

Female % (n) 79 (1,238) 79 (1,252) 80

Age group 

<35 % (n) 4 (60) 4 (70) 8 (181)

35-44 % (n) 15 (237) 18 (282) 18 (382)

45-54 % (n) 26 (404) 27 (437) 29 (626)

55-64 % (n) 31 (495) 28 (448) 26 (552)

65+ % (n) 23 (368) 21 (328) 10 (223)

Not stated % (n) 1 (13) 1 (21) 8 (182)

State of residence 

NSW % (n) 29 (457) 32 (511) 31 (665)

VIC % (n) 27 (434) 26 (417) 27 (576)

QLD % (n) 14 (218) 15 (245) 13 (269)

SA % (n) 9 (138) 9 (135) 8 (173)

WA % (n) 11 (167) 11 (172) 10 (204)

ACT % (n) 4 (61) 2 (37) 3 (58)

TAS % (n) 6 (90) 4 (60) 5 (109)

NT % (n) <1 (4) <1 (3) <1 (3)

Not stated % (n) <1 (8) <1 (6) N/A

MS type

PPMS % (n) 8 (125) N/A N/A

RRMS % (n) 55 (863) N/A N/A

SPMS % (n) 12 (192) N/A N/A

PRMS % (n) 2 (35) N/A N/A

Unsure % (n) 10 (163) N/A N/A

Not stated % (n) 13 (199) N/A N/A

DMT 

Yes % (n) 58 (908) N/A N/A

No % (n) 34 (540) N/A N/A

Not stated % (n) 8 (129) N/A N/A

Disability severity 

No disability % (n) 20 (315) N/A N/A

Mild disability % (n) 24 (385) N/A N/A

No/mild  

disability % (n) 
46 (700) N/A 41

Moderate  

disability % (n) 
36 (575) N/A 38

Severe disability 

% (n) 
18 (289) N/A 16

Not stated % (n) <1 (13) N/A 5

MS duration 

Average in years (n) 15.3 (1,436) 15.2 (1,385) N/A

Age

Average in years (n) 55.5 (1,564) 54.3 (1,565) 50.99 (2022)

N/A = Not applicable

4.4.2 Quality Of Life/HSUV Estimates (Overall Sample)

Table 4.2 provides the AQoL-8D’s mean HSUVs for people 
with MS in this sample, their Physical and Psychosocial 
super dimensions, and their individual dimensional scores 
of Independent Living, Senses, Pain, Happiness, Coping, 
Relationships, Self-worth and Mental Health, compared 
to AQoL-8D Australian population norms. HSUVs were 
calculated for 1,566 participants. 

Table 4.2. AQoL-8D utility valuations, super dimension 
scores, and individual dimension scores 
 

AQoL-8D 
characteristics

EIS 2016 
(N=1,566)

Australian 
population 

norms 
(general 

population)*

Australian 
population 
norms (45-
54 years)*

Mean (SD) Mean (SD) Mean (SD)

HSUV 0.61 (0.22) 0.80 (0.19) 0.77 (0.20)

Super dimension scores 

Physical 0.57 (0.22) 0.83 (0.18) 0.79 (0.20)

Psychosocial 0.33 (0.19) 0.50 (0.24) 0.47 (0.24)

Individual dimensions (physical health)

Independent 
Living

0.70 (0.20) 0.94 (0.11) 0.93 (0.12)

Senses 0.84 (0.13) 0.91 (0.10) 0.88 (0.10)

Pain 0.68 (0.26) 0.86 (0.19) 0.84 (0.21)

Individual dimensions (psychosocial health)

Happiness 0.74 (0.16) 0.80 (0.15) 0.77 (0.16)

Coping 0.70 (0.15) 0.83 (0.15) 0.80 (0.16)

Relationships 0.66 (0.17) 0.79 (0.16) 0.78 (0.16)

Self-worth 0.74 (0.18) 0.85 (0.15) 0.84 (0.16)

Mental Health 0.60 (0.15) 0.69 (0.17) 0.67 (0.17)

Notes: *Source: Maxwell et al (2016)72; HSUV = health state utility value

The overall mean (SD) HSUV (utility valuation) was 0.61 
(0.22), which is much lower than the comparable Australian 
population norms for the general Australian population of 
0.80 (0.19), and the 45–54 year age group of 0.77 (0.20) 
(Table 4.2). 

Importantly, this relatively low HSUV for the respondent 
population was partially driven by low scores in Mental 
Health and Relationships that produced a substantially 
reduced Psychosocial super dimension score of 0.33 (0.19). 
The individual physical dimension of Pain also drove the low 
HSUV through the relatively low Physical super dimension of 
mean (SD) 0.59 (0.22) (Table 4.2).
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4.4.3 Quality of Life/HSUV Estimates: Stratified By 
Socio-demographic Factors

4.4.3.1 Sex

Figure 4.2 and Table 4.3 provide the AQoL-8D’s HSUVs and 
associated dimensional scores for the respondent population 
that generated a utility valuation (n = 1566) into male and 
female and compared to Australian population norms. Table 
4.3 reveals that the HSUVs for males (mean (SD) 0.59 (0.21)) 
and females (0.61 (0.22)) with MS were similar, and that the 
HSUVs for males and females were substantially reduced 
from their Australian population norm counterparts of 0.78 
(0.19) for females and 0.82 (0.17) for males.

The marginally higher HSUV for females is explained by the 
small diference in the Physical super dimension between 
males and females: females recorded a marginally higher 
score of 0.58 (0.20) compared to 0.54 (0.21) for males. This 
was driven by a higher Independent Living dimensional score 
for females of 0.71 (0.20) compared to 0.65 (0.20) for males.

Figure 4.2. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by sex

Figure 4.2. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by sex
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Figure 4.2. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by sex

Pa
ne

l (
A)

 
M

ea
n 

H
SU

Vs
 

Pa
ne

l (
B)

 
M

ea
n 

AQ
oL

-8
D

 D
im

en
si

on
 S

co
re

s 
 

 

 

0.8

0.59 0.61

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Australian population norm Male (n=335) Female (n=1231)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

Physical super-
dimension

Psychosocial 
super-dimension

Independent 
Living dimension

Senses 
dimension

Pain dimension Happiness 
dimension

Coping 
dimension

Relationships 
dimension

Self-worth 
dimension

Mental Health 
dimension

Male Female

Table 4.3. AQoL-8D utility valuations, super dimension 
scores, and individual dimension scores, by sex

AQoL-8D characteristics
Male 

(n=335)

Female 

(n=1231)

Overall 

(n=1566)

Mean (SD) Mean (SD) Mean (SD)

HSUV for people with MS 0.59 (0.21) 0.61 (0.22) 0.61 (0.22)

Australian population 

norms*
0.82 (0.17) 0.78 (0.19) 0.80 (0.19)

Super dimension

Physical 0.54 (0.21) 0.58 (0.20) 0.57 (0.22)

Psychosocial 0.32 (0.19) 0.33 (0.19) 0.33 (0.19)

Individual dimensions (Physical health)

Independent Living 0.65 (0.20) 0.71 (0.20) 0.70 (0.20)

Senses 0.82 (0.14) 0.85 (0.12) 0.84 (0.13)

Pain 0.68 (0.26) 0.68 (0.26) 0.68 (0.26)

Individual dimensions (Psychosocial health)

Happiness 0.72 (0.16) 0.74 (0.16) 0.74 (0.16)

Coping 0.70 (0.16) 0.70 (0.15) 0.70 (0.15)

Relationships 0.65 (0.16) 0.67 (0.17) 0.67 (0.17)

Self-worth 0.73 (0.17) 0.74 (0.18) 0.74 (0.18)

Mental Health 0.60 (0.16) 0.60 (0.15) 0.60 (0.15)

Notes: *Source, Maxwell et al 2016 72; HSUV = health state utility value
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4.4.3.2 Age Group

Figure 4.3 and Table 4.4 provide the AQoL-8D’s HSUVs and 
associated dimensional scores for the respondent population 
that generated a utility valuation (n = 1566) into age groups, 
compared to Australian population norms for age groups. 

Table 4.4 reveals that as the age of a person with MS 
increased, their HSUV decreased. This trend was somewhat 
diferent to the Australian population norms for age 
groups – the HSUV increases for those in the 55-64 and 
65+ age groups. The order of magnitude of the Physical and 
Psychosocial super dimensions that drove the decreasing 
HSUVs for people with MS as age increased, were the same 
as for the overall sample.

Interestingly, the Physical super dimension score was higher 
than the overall sample for the < 35 years age group mean 
(SD) 0.70 (0.23), however, for the same age group the 
Psychosocial super dimension was comparable to the overall 
sample at 0.35 (0.23). Another interesting point is that while 
the Physical super dimension substantially decreased (as 
disability also increased), as age increased, the Psychosocial 
super dimension score was almost the same (0.35 at <35 
years and 0.32 at 65+ years).

Regarding the individual dimensional changes, the physical 
dimensional scores of Pain and Independent Living decreased 
as age increased. The individual dimension of Relationships 
also decreased the most in psychosocial health.

Figure 4.3. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by age group, 
compared to Australian population norms for the age group  

Figure 4.3. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by age group, compared to 
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Figure 4.3. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by age group, compared to 
Australian population norms for the age group 
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Table 4.4. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by age group

AQoL-8D characteristics
<35 years 

(n=60)

35–44 years 

(n=237)

45-54 years 

(n=403)

55–64 years 

(n=494)

65+ years 

(n=359)

Not Stated 

(n=13)

Overall 

(n=1566)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

HSUV for people with MS 0.65 (0.22) 0.66 (0.22) 0.62 (0.21) 0.59 (0.22) 0.59 (0.21) 0.61 (0.27) 0.61 (0.22)

Australian Population norms* 0.82 (0.15) 0.78 (0.17) 0.77 (0.20) 0.80 (0.21) 0.83 (0.22)* 0.80 (0.19)

Super dimensions

Physical 0.70 (0.23) 0.68 (0.23) 0.59 (0.22) 0.54 (0.21) 0.49 (0.19) 0.61 (0.27) 0.57 (0.22)

Psychosocial 0.35 (0.23) 0.35 (0.21) 0.33 (0.20) 0.32 (0.20) 0.32 (0.17) 0.35 (0.25) 0.33 (0.19)

Individual dimensions (physical health)

Independent Living 0.81 (0.19) 0.81 (0.19) 0.74 (0.19) 0.67 (0.19) 0.60 (0.18) 0.76 (0.22) 0.70 (0.20)

Senses 0.89 (0.11) 0.88 (0.11) 0.84 (0.12) 0.82 (0.14) 0.83 (0.13) 0.88 (0.08) 0.84 (0.13)

Pain 0.77 (0.27) 0.76 (0.24) 0.69 (0.26) 0.66 (0.26) 0.64 (0.26) 0.66 (0.29) 0.68 (0.26)

Individual dimensions (psychosocial health)

Happiness 0.74 (0.17) 0.74 (0.16) 0.73 (0.16) 0.73 (0.16) 0.75 (0.15) 0.72 (0.18) 0.74 (0.16)

Coping 0.71 (0.16) 0.72 (0.16) 0.71 (0.15) 0.69 (0.16) 0.70 (0.14) 0.70 (0.21) 0.70 (0.15)

Relationships 0.69 (0.17) 0.71 (0.17) 0.67 (0.17) 0.66 (0.17) 0.64 (0.15) 0.69 (0.19) 0.66 (0.17)

Self-worth 0.74 (0.18) 0.75 (0.17) 0.75 (0.17) 0.73 (0.18) 0.73 (0.17) 0.72 (0.21) 0.74 (0.18)

Mental Health 0.59 (0.17) 0.59 (0.14) 0.59 (0.15) 0.59 (0.15) 0.62 (0.14) 0.58 (0.16) 0.60 (0.15)

 
*Source, Maxwell et al 2016 72, HSUV = health state utility value 
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4.4.3.3 Australian States and Territories

Figure 4.4 and Table 4.5 provides the AQoL-8D’s HSUVs 
(utility valuations) and associated dimensional scores for 
people with MS in the Australian states and territories. It 
shows that there were diferences in HSUVs according to 
Australian geographical location with a range of 0.54 to 0.64. 
Nevertheless, the trend for psychosocial and physical health 
were the same as the overall results reported in 

Figure 4.4. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by state/territory  

Table 4.2 where psychosocial health was low and driven 
mainly by the individual dimensions of Mental Health and 
Relationships, and the individual dimension of Pain was 
the key driver for relatively low scores of physical health. 
Interestingly, Tasmania (TAS) recorded one the lowest 
HSUVs of the Australian states and territories, however, the 
sample size for this state was relatively small (n=90) and the 
age profile (older) suggesting increased disease severity as a 
likely explanation for this low score. 

Figure 4.4. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by state/territory 
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Figure 4.4. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by state/territory 
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Table 4.5. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by state and territory

AQoL-8D 
characteristics

NSW 
(n=454)

VIC 
(n=432)

QLD 
(n=216)

WA 
(n=166)

SA 
(n=136)

TAS 
(n=90)

ACT 
(n=61)

NT  
(n=4)

Not 
Stated 
(n=7)

Overall 
(n=1566)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

Mean 

(SD)

HSUV
0.62 

(0.22)

0.60  

(0.21)

0.58 

(0.22)

0.65 

(0.23)

0.64 

(0.20)

0.54 

(0.20)

0.64 

(0.23)

0.54 

(0.38)

0.68 

(0.20)

0.61  

(0.22)

Super dimensions

Physical 
0.57 

(0.23)

0.56  

(0.21)

0.55 

(0.23)

0.60 

(0.22)

0.59 

(0.22)

0.51  

(0.21)

0.60 

(0.23)

0.58 

(0.33)

0.58  

(0.17)

0.57 

(0.22)

Psychosocial
0.34 

(0.20)

0.32  

(0.18)

0.31  

(0.19)

0.37 

(0.22)

0.34  

(0.18)

0.28  

(0.17)

0.36 

(0.22)

0.29 

(0.28)

0.40 

(0.23)

0.33  

(0.19)

Individual dimensions (physical health)

Independent 

Living

0.70  

(0.21)

0.69  

(0.19)

0.69 

(0.20)

0.73 

(0.20)

0.72  

(0.21)

0.65 

(0.20)

0.73 

(0.20)

0.70 

(0.25)

0.70  

(0.15)

0.70  

(0.20)

Senses
0.83  

(0.13)

0.84  

(0.12)

0.82  

(0.14)

0.86  

(0.11)

0.86  

(0.11)

0.80  

(0.15)

0.87 

(0.09)

0.83  

(0.17)

0.88  

(0.16)

0.84  

(0.13)

Pain
0.68 

(0.26)

0.68 

(0.26)

0.67 

(0.26)

0.70 

(0.26)

0.69 

(0.25)

0.64 

(0.27)

0.70 

(0.27)

0.67 

(0.36)

0.69 

(0.22)

0.68 

(0.26)

Individual dimensions (psychosocial health)

Happiness
0.75  

(0.16)

0.73  

(0.15)

0.72  

(0.16)

0.75  

(0.14)

0.76  

(0.15)

0.73 

 (0.14)

0.74  

(0.18)

0.61  

(0.28)

0.79 

 (0.16)

0.74  

(0.16)

Coping
0.71  

(0.15)

0.70  

(0.15)

0.69 

(0.16)

0.72  

(0.16)

0.72  

(0.15)

0.66  

(0.15)

0.72  

(0.14)

0.67 

(0.28)

0.77  

(0.13)

0.70  

(0.15)

Relationships
0.67  

(0.17)

0.66  

(0.16)

0.64 

(0.16)

0.70  

(0.18)

0.68  

(0.17)

0.63  

(0.15)

0.69  

(0.18)

0.64  

(0.19)

0.73  

(0.17)

0.66  

(0.17)

Self-worth
0.75  

(0.17)

0.73  

(0.17)

0.71  

(0.18)

0.77  

(0.18)

0.76  

(0.16)

0.68  

(0.17)

0.77  

(0.18)

0.65 

(0.29)

0.80  

(0.16)

0.74  

(0.18)

Mental Health
0.60  

(0.15)

0.59  

(0.14)

0.59 

(0.16)

0.61  

(0.16)

0.61  

(0.13)

0.57  

(0.14)

0.61  

(0.16)

0.47  

(0.29)

0.63  

(0.15)

0.60  

(0.15)
 
HSUV = health state utility value 
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4.4.3.4 Australian Remoteness Areas

Figure 4.5 and Table 4.6 provides the AQoL-8D’s HSUVs 
(utility valuations) and associated dimensional scores 
for people with MS in the Australian Remoteness Areas 
according to postcode (see Figure 2.2) of Major Capital 
Cities, Inner Regional, Outer Regional and the combined 
Remoteness Area of Remote and Very Remote (due to the 
small sample size for these areas (n=23)). 

It shows that the HSUVs, super dimension and individual 
dimension scores were the same, and the Inner and Outer 
Regional areas were similar. The Remote and Very Remote 
HSUVs and scores were slightly higher, however, the sample 
size was small therefore these results should be interpreted 
with caution. We found that the Relationships dimensional 
score for the Remote and Very Remote areas were slightly 
higher than the Major Capital Cities score.

Figure 4.5. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by Australian 
Remoteness Areas 

Figure 4.5. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by Australian Remoteness Areas 
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Figure 4.5. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by Australian Remoteness Areas
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Table 4.6. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by Australian 
Remoteness Areas 

AQoL-8D 
characteristics

Major Cities 
(n=1,045)

Inner Regional 
(n=362)

Outer Regional 
(n=130)

Remote and  
Very Remote 

(n=23)

Overall 
(n=1,560)*

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

HSUV 0.62 (0.22) 0.59 (0.22) 0.60 (0.23) 0.66 (0.20) 0.61 (0.22)

Super dimensions

Physical 0.58 (0.22) 0.53 (0.22) 0.55 (0.22) 0.58 (0.21) 0.57 (0.22)

Psychosocial 0.33 (0.19) 0.32 (0.19) 0.34 (0.21) 0.38 (0.19) 0.33 (0.19)

Individual dimensions (physical health)

Independent Living 0.71 (0.20) 0.67 (0.20) 0.68 (0.19) 0.71 (0.22) 0.70 (0.20)

Senses 0.84 (0.13) 0.83 (0.13) 0.83 (0.13) 0.85 (0.12) 0.84 (0.13)

Pain 0.70 (0.26) 0.64 (0.26) 0.66 (0.27) 0.67 (0.21) 0.68 (0.26)

Individual dimensions (psychosocial health)

Happiness 0.74 (0.16) 0.74 (0.15) 0.75 (0.17) 0.79 (0.12) 0.74 (0.16)

Coping 0.71 (0.15) 0.70 (0.15) 0.69 (0.17) 0.71 (0.16) 0.70 (0.15)

Relationships 0.67 (0.17) 0.65 (0.16) 0.66 (0.16) 0.73 (0.17) 0.66 (0.17)

Self-worth 0.74 (0.17) 0.72 (0.18) 0.72 (0.19) 0.77 (0.14) 0.74 (0.18)

Mental Health 0.60 (0.15) 0.59 (0.14) 0.61 (0.17) 0.64 (0.14) 0.60 (0.15)

 
* Six people did not report a postcode; HSUV = health state utility value
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4.4.4 Quality of Life/HSUV Estimates: Stratified By 
Disease-specific Factors 

4.4.4.1 DMT Usage

Figure 4.6 and Table 4.7 provide the AQoL-8D’s HSUVs (utility 
valuations) and associated dimensional scores stratified 
by DMT usage. People using DMTs recorded a mean (SD) 
HSUV of 0.63 (0.21) that was 0.04 utility points higher than 
for people not using DMTs, and 0.02 utility points higher 
than the overall sample utility valuation of 0.61 (0.22). The 
key driver of the higher score was the higher individual 
dimensional score for Independent Living that was 0.73 (0.19) 
for people with MS using DMTs compared to 0.64 (0.21) for 
people not using DMTs. The individual scores of Pain and 

Relationships for people not using DMTs were also slightly 
lower. People using DMTs recorded an individual score for 
the Pain dimension of 0.03 points lower, indicating that they 
experienced less pain than people with MS not using DMTs. 
The Psychosocial super dimension for both groups was 
similar and comparable to the low score recorded for the 
overall respondent sample. Chapter 2 revealed that people 
with MS using DMTs were a decade younger than people 
with MS not using DMTs (Table 2.2)

Figure 4.6. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by DMT usage 

Figure 4.6. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by DMT usage  
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Table 4.7. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by DMT usage 

AQoL-8D characteristics
DMT 

(n=907)
No DMT 
(n=531)

Not Stated 
(n=128)

Overall 
(n=1,566)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

HSUV 0.63 (0.21) 0.59 (0.22) 0.56 (0.24) 0.61 (0.22)

Super dimensions

Physical 0.60 (0.22) 0.53 (0.22) 0.52 (0.24) 0.57 (0.22)

Psychosocial 0.34 (0.19) 0.32 (0.19) 0.31 (0.21) 0.33 (0.19)

Individual dimensions (physical health)

Independent Living 0.73 (0.19) 0.64 (0.21) 0.69 (0.21) 0.70 (0.20)

Senses 0.85 (0.12) 0.83 (0.14) 0.81 (0.14) 0.84 (0.13)

Pain 0.70 (0.25) 0.67 (0.27) 0.61 (0.28) 0.68 (0.26)

Individual dimensions (psychosocial health)

Happiness 0.75 (0.15) 0.73 (0.16) 0.72 (0.19) 0.74 (0.16)

Coping 0.71 (0.15) 0.69 (0.16) 0.67 (0.18) 0.70 (0.15)

Relationships 0.68 (0.17) 0.64 (0.16) 0.64 (0.17) 0.66 (0.17)

Self-worth 0.75 (0.17) 0.73 (0.18) 0.70 (0.20) 0.74 (0.18)

Mental Health 0.60 (0.14) 0.60 (0.15) 0.57 (0.17) 0.60 (0.15)

HSUV = health state utility value 
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4.4.4.2 Type of MS

Figure 4.7 and Table 4.8 provide the AQoL-8D’s HSUVs (utility 
valuations) and associated dimensional scores stratified 
by the type of MS namely RRMS, PPMS, SPMS, and PRMS. 
RRMS accounted for 55% of the sample. 

People with RRMS recorded a HSUV of mean (SD) 0.65 
(0.21), compared to the lower HSUVs for SPMS 0.51 (0.18), 
PPMS 0.54 (0.21) and PRMS 0.51 (0.22). These substantially 
reduced HSUVs for the more progressive forms of MS 
were particularly driven by physical health through reduced 
Independent Living and Pain as disability increased. 

Psychosocial health was also reduced for the more 
progressive types of MS than the overall sample and drove 
the lower HSUV. To illustrate, the Psychosocial super 
dimension score for PRMS was tremendously low with a 
mean (SD) score of 0.28 (0.16). 

The individual psychosocial health dimensional scores for 
Relationships and Mental Health were substantially lower 
for the more progressive forms of MS, for example, the 
Relationships score for RRMS was 0.70 (0.17) compared 
to 0.58 (0.12) for SPMS. On the other hand, the individual 
scores of Happiness and Self-worth were higher and also 
accord with the individual scores for these two individual 
dimensions of health for the overall sample of respondents.

Figure 4.7. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by MS type 

Figure 4.7. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by MS type
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Figure 4.7. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by MS type
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Table 4.8. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by MS type 

AQoL-8D 
characteristics

RRMS 
(n = 860)

PPMS 
(n = 124)

SPMS 
(n = 191)

PRMS 
(n = 35)

Unsure 
(n = 159)

Not Stated 
(n=197)

Overall 
(n=1,566)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

HSUV 0.65 (0.21) 0.54 (0.21) 0.51 (0.18) 0.51 (0.22) 0.62 (0.22) 0.58 (0.23) 0.61 (0.22)

Super dimensions

Physical 0.62 (0.22) 0.47 (0.18) 0.44 (0.15) 0.42 (0.19) 0.56 (0.22) 0.54 (0.24) 0.57 (0.22)

Psychosocial 0.36 (0.16) 0.28 (0.16) 0.26 (0.16) 0.28 (0.16) 0.35 (0.20) 0.31 (0.20) 0.33 (0.19)

Individual dimensions (physical health)

Independent 

Living
0.77 (0.18) 0.55 (0.16) 0.52 (0.12) 0.58 (0.18) 0.69 (0.20) 0.70 (0.21) 0.70 (0.20)

Senses 0.86 (0.11) 0.83 (0.13) 0.82 (0.14) 0.81 (0.13) 0.81 (0.15) 0.82 (0.14) 0.84 (0.13)

Pain 0.71 (0.25) 0.64 (0.26) 0.62 (0.26) 0.50 (0.25) 0.70 (0.26) 0.64 (0.28) 0.68 (0.26)

Individual dimensions (psychosocial health)

Happiness 0.75 (0.15) 0.72 (0.15) 0.70 (0.15) 0.71 (0.18) 0.75 (0.16) 0.72 (0.18) 0.74 (0.16)

Coping 0.72 (0.15) 0.66 (0.16) 0.65 (0.15) 0.67 (0.16) 0.73 (0.15) 0.69 (0.17) 0.70 (0.15)

Relationships 0.70 (0.17) 0.60 (0.15) 0.58 (0.12) 0.63 (0.15) 0.67 (0.17) 0.65 (0.16) 0.66 (0.17)

Self-worth 0.76 (0.16) 0.68 (0.18) 0.68 (0.17) 0.66 (0.22) 0.74 (0.28) 0.71 (0.19) 0.74 (0.18)

Mental Health 0.60 (0.15) 0.59 (0.15) 0.58 (0.15) 0.56 (0.15) 0.62 (0.15) 0.58 (0.16) 0.60 (0.15)

HSUV = health state utility value 
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4.4.4.3 Disability Severity of MS

Figure 4.8 and Table 4.9 show the AQoL-8D’s (HSUVs) utility 
valuations and associated dimensional scores, and Australian 
population norms stratified by disease severity. 

It shows that as MS-related disability increased, health 
utility decreased, and therefore quality of life decreased. 
Those with no disability reported a HSUV that was similar 
to the general Australian population and reported similar 
scores to the general Australian population in physical and 
psychosocial super dimensions and individual dimensions 
of Independent Living, Senses, Pain, Happiness, Coping, 
Relationships, Self-worth and Mental Health. 

There was a substantial fall in HSUV (almost 0.20 utility 
points) between no disability and mild disability, and the 
HSUVs were also substantially diminished from moderate 
to severe disability. People with MS in the severe disability 
category reported the lowest HSUVs for the entire study, 
namely, severe disability mean (SD) 0.48 (0.19), with similar 
low scores for both the Physical super dimension (mean 
(SD) 0.40 (0.15)) and the Psychosocial 0.24 (0.13) super 
dimensions of health. The low HSUVs and composite super 
dimension scores were driven by substantially diminished 
dimensional scores for Independent Living, Pain, Mental 
Health, Relationships and Coping.

Figure 4.8. AQoL-8D utility valuations, super dimension scores, and individual dimension scores, by disability severity 

 
No disability includes EDSS level 0, Mild includes EDSS levels 1–3.5, Moderate includes EDSS levels 4–6, and Severe includes EDSS levels 6.5–9.5.

Figure 4.8. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by disability severity
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Figure 4.8. AQoL-8D utility valuations, super-dimension scores, and individual dimension scores, by disability severity
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Table 4.9. AQoL-8D utility valuations, super dimension and individual dimension scores, by disability severity

AQoL-8D 

characteristics

No Disability 

(n=314)

Mild Disability 

(n=384)

Moderate 

Disability 

(n=574)

Severe Disability 

(n=286)

Not Stated 

(n=8)

Overall 

(n=1,566)

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

HSUV 0.81 (0.16) 0.65 (0.19) 0.54 (0.19) 0.48 (0.19) 0.45 (0.17) 0.61 (0.22)

Super dimensions

Physical 0.82 (0.15) 0.63 (0.19) 0.47 (0.16) 0.40 (0.15) 0.45 (0.13) 0.57 (0.22)

Psychosocial 0.50 (0.21) 0.35 (0.18) 0.27 (0.15) 0.24 (0.13) 0.19 (0.11) 0.33 (0.19)

Individual dimensions (physical health)

Independent 

Living
0.94 (0.08) 0.80 (0.14) 0.61 (0.13) 0.47 (0.10) 0.56 (0.22) 0.70 (0.20)

Senses 0.90 (0.09) 0.84 (0.12) 0.82 (0.12) 0.81 (0.16) 0.81 (0.12) 0.84 (0.13)

Pain 0.88 (0.16) 0.71 (0.24) 0.60 (0.25) 0.59 (0.27) 0.63 (0.27) 0.68 (0.26)

Individual dimensions (psychosocial health)

Happiness 0.83 (0.13) 0.75 (0.15) 0.71 (0.15) 0.69 (0.17) 0.60 (0.15) 0.74 (0.16)

Coping 0.83 (0.12) 0.71 (0.14) 0.67 (0.14) 0.63 (0.16) 0.62 (0.15) 0.70 (0.15)

Relationships 0.83 (0.15) 0.70 (0.15) 0.61 (0.13) 0.55 (0.10) 0.56 (0.15) 0.66 (0.17)

Self-worth 0.86 (0.13) 0.76 (0.16) 0.70 (0.17) 0.63 (0.18) 0.62 (0.19) 0.74 (0.18)

Mental Health 0.67 (0.14) 0.59 (0.14) 0.57 (0.14) 0.58 (0.15) 0.55 (0.19) 0.60 (0.15)

 
 HSUV = health state utility value  
 No disability includes EDSS level 0, Mild includes EDSS levels 1–3.5, Moderate includes EDSS levels 4–6, and Severe includes EDSS levels 6.5–9.5.
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4.5 Discussion

We found that the mean (SD) HSUV was 0.61 (0.22) in a large 
representative sample of the AMSLS (n = 1,566). This utility 
value was substantially lower than that of the Australian 
general population (mean (SD) 0.80 (0.19)).

Psychosocial health status for people with MS was relatively 
low and partially drove the low HSUVs. Moreover, the 
individual dimensions of Mental Health and Relationships 
were the lowest individual dimensional scores in the 
psychosocial range. Physical health status was also relatively 
low and the key drivers identified for a diminished physical 
health status were Pain and Independent Living.

When the overall sample was investigated for diferent 
groups of people with MS such as males and females, age 
groups, geographical location, disease severity and people 
using DMTs or not, we found that the highest recorded 
HSUV (utility valuation) was for people with MS with ‘no 
disability’ namely mean (SD) 0.81 (0.16) and the lowest 
recorded HSUV (utility valuation) was for people with ‘severe 
disability’, namely mean (SD) 0.48 (0.19).

When the sample was stratified for sex we 
found that the marginally higher HSUV 

for females was driven by the individual 
dimension of Independent Living.

When the sample was stratified for 
age, we found that as the age of 
a person with MS increased, their 
HSUV decreased and this trend was 

opposite to the Australian population 
norms for older age groups. We found 

that the physical health impacts of MS were 
proportionally higher as people with MS aged 

than the psychosocial impacts of the disease that impacted 
on people with MS earlier on (when they were younger). 
Regarding the individual dimensional changes, the physical 
dimensions of Pain and Independent Living decreased as age 
increased. The individual dimension of Relationships also 
decreased the most in psychosocial health.

There were diferences in HSUVs according to the Australian 
states and territories with a range of 0.54 to 0.64. 
Nevertheless, the recorded trends for psychosocial and 
physical health were the same as the overall results. TAS 
recorded one the lowest HSUVs of the Australian states and 
territories, however, the sample size for TAS was relatively 
small (n=90) and the age profile was older suggesting 
increased disease severity may have been the likely 
explanation for this low score. Regarding Remoteness Areas, 
people with MS in Major Capital Cities recorded the same 
HSUV as the overall sample (Major Capital Cities were one-
third of the sample). For people with MS living in Remote 
and Very Remote Australia, the HSUV was higher, however 
this result should be interpreted with caution due to the very 
small sample size.

In regard to DMT usage, 
people using DMTs were a 
decade younger and also 
recorded a higher HSUV 
than people not using DMTs. 
The physical dimensions of 
Independent Living (increased) 
and Pain (decreased) drove 
the higher utility score for people with MS using DMTs, 
compared to people not using DMTs. Psychosocial health 
was similar for both groups. 

When the overall sample was stratified for type of MS, 
we found that people with the more progressive forms 
of MS recorded much lower HSUVs, driven by low 
composite physical and psychosocial scores and low 
individual dimensional scores for Independent Living, Pain, 
Relationships and Mental Health.

Additionally, as severity of disability increased, health utility 
decreased, and therefore QoL decreased. Those with no 
disability reported a HSUV that was the same as the general 
Australian population and reported similar scores to the 
general Australian population in physical and psychosocial 
super dimensions and individual dimensions of Independent 
Living, Senses, Pain, Happiness, Coping, Relationships, Self-
worth and Mental Health. On the other hand, those with 
mild to severe disability recorded decreased scores in all of 
these dimensions.

When the no disability (n = 314; 45%) and mild disability (n 
= 384; 55%) groups are combined, the reported HSUV was 
0.72 (0.20), driven by the higher QoL for a person with MS 
with no disability.

4.5.1 Previous Australian Evidence

Compared to those reported in 2011, we found that the 
overall mean HSUV in 2017 was slightly lower. The likely 
explanation for this diference are the diferences in 
instrument measurement: the 2011 report’s HSUVs were 
indirectly derived from mapped responses from 5 questions 
of the WHOQOL-100 (World Health Organization Quality 
of Life instrument) to the EQ-5D-3L multi-attribute utility 
instrument rather than directly measured using the direct 
reported responses from people with MS to the AQoL-8D’s 
35 questions.

People using 
DMTs were a 

decade younger and 
also recorded a higher 

quality of life than 
people not using 

DMTs.

As age increased, 
quality of life 

decreased. This trend 
is opposite to the 

Australian population 
norm.

People with the more progressive forms of 
MS recorded much lower HSUVs, driven by low 
composite physical and psychosocial scores and low 
individual dimensional scores for Independent Living, 
Pain, Relationships and Mental Health.
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In line with the 2011 economic impact of MS report, we also 
found that there was a substantial reduction in the quality of 
life as disease severity increased. The 2011 economic impact 
of MS report found that there was an almost 50% reduction 
in utility when disability was severe. We found similar 
results.

The study found that the HSUV for severe disease was 
extremely low with a reported mean utility of 0.40 (95%CI: 
0.49−0.56).59 This utility valuation was comparable to, or 
even lower than, patient-reported outcomes of people 
with terminal metastatic cancer, chronic kidney disease and 
severe heart disease. 57, 75, 76 

The 2005 Access Economics report titled Acting Positively: 
Strategic Implications of the Economic Costs of MS in Australia 
discussed the rate of depression amongst people with MS 
and suggested that between 40–60 % of people with MS 
sufer depression at some point over the course of the 
illness. Our study found that psychosocial health status was 
substantially reduced for all people with MS, particularly 
from the “mild disability” severity of disease category 
onwards and that the psychosocial health super dimension 
was substantially reduced in the “severe disability” disease 
category. This reduction in psychosocial health in the 
severe disability category was driven by all of the individual 
dimensions of psychosocial health including Happiness, 
Coping, Self-worth, Mental Health and Relationships.

 
4.5.2 Comparison to Other Chronic Diseases  
using the AQoL-8D

Table 4.9 provides HSUVs for other chronic diseases 
measured by the AQoL-8D, and Australian population norms. 
It shows that the overall HSUV for people with MS (0.61) 
was comparable to people with chronic conditions including 
chronic cancer or chronic arthritis. The utility valuations for 
people with severe disability were lower than for people 
with most chronic diseases, and similar to those of people 
with chronic depression. 

There were two studies that used the AQoL-8D to measure 
HSUVs on diferent severity classifications (severe obesity and 
ulcerative colitis) and they found a similar trend of decreasing 
HSUV with increasing severity as we showed in our study. More 
specifically, people with severe ulcerative colitis recorded a 
reduced HSUV from 0.80 (remission) to 0.66 severe disease, 
compared to people with MS who recorded a HSUV of 0.81 for 
no disability and 0.48 for severe disability. 

Table 4.10. Utility weights reported for other chronic 
diseases using the AQoL-8D, Australian population 
norms, and inclusive of an Australian population.

Health State measured  
by AQoL-8D

Location of study 
population

HSUV

Australian population norm** Australia 0.80

Chronic cancer a 6 countries 
including Australia*

0.66

Chronic diabetes a
6 countries 

including Australia*
0.69

Chronic asthma a
6 countries 

including Australia*
0.69

Chronic heart disease a
6 countries 

including Australia*
0.68

Chronic arthritis a
6 countries 

including Australia*
0.63

Chronic hearing loss a
6 countries 

including Australia*
0.72

Chronic depression a
6 countries 

including Australia*
0.45

Average measure of chronic 
disease a

6 countries 
including Australia*

0.64

Public ‘healthy’ population norm a *** 6 countries 
including Australia*

0.83

Diabetes b
6 countries 

including Australia*
0.66 

Obesity c Australia 0.69

Long term publicly waitlisted 
severely obese bariatric surgery 
patients d

• Before surgery
• Three months ater surgery
• One year ater surgery

Australia 0.51

0.61

0.67

Private bariatric surgery patients 
many years ater surgery e

Australia 0.76

Ulcerative colitis f

• Remission
• Active disease
• Mild disease
• Moderate/severe disease

Australia

0.80

0.70

0.76

0.66

Multiple Sclerosis (2016 study) g

• Overall sample
• No disability
• Mild disability
• Moderate disability
• Severe disability 

Australian MS 
Longitudinal 

Survey

0.61

0.81

0.65

0.54

0.48

Notes: Sources: a, Richardson et al 2015 77; b, Chen et al 2015 78; c, Khan et 
al 2012 74; d, Campbell et al 2017 63; e, Campbell et al 2106 61; f, Gibson et al 
2015 79; g, 2016 MSRA study *Countries included Australia, Canada, Germany, 
Norway, United Kingdom, and United States ** Australian population norm 
*** Public ‘healthy’ composite population norm for the six countries included 
in the study 

QoL for people with severe MS is comparable to, 
or even lower than the QoL reported for people with 
terminal metastatic cancer, chronic kidney disease 
and severe heart disease.
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5.1 Overall Summary

MS remains a challenging condition in our community, 
placing a very significant toll on Australians, particularly in 
adults of working age, who should be in the prime of life, 
when it is most frequently diagnosed. MS has a major impact 
on health and QoL and poses a substantial economic burden 
to people with MS and society. The introduction and use 
of DMTs with improved eicacy over the past few years in 
Australia have had profound efects on the management 
of the disease, and hence, on the costs of MS. This report 
provides an important insight into the health economic 
burden of MS in Australia. It provides the updated estimates 
of costs and QoL/HSUV impacts of MS in Australia in 2017, 
using the latest available data from a large representative 
sample of Australian people with MS. Whilst some studies 
have investigated the QoL and costs of MS in Australia,6, 

8, 80 these studies are now out of date and had some 
methodological limitations. The analyses presented in this 
report provides per person costs as well as the total costs 
for all people with MS in Australia, based on the most recent 
2017 MS prevalence estimates. Furthermore, the QoL/
HSUV of Australian people with MS presented in this report 
revealed the extent to which MS may impact on the QoL 
of people with MS. To provide a context for MS, we have 
compared our results with those from previous Australian 
studies, as well as those from other nations around the 
globe. 

Our study had several strengths, including the large and 
representative sample, minimal possibility of recall bias, 
and the inclusion of additional cost categories compared 
to previous reports, with some cost categories broken 
down into additional sub-categories to provide a more 
detailed picture (e.g. indirect costs from lost wages, lost 
productivity costs). Regarding the QoL/HSUVs analysis, 
this is the first time that a direct measurement of HSUVs 
was used. Additionally, the use of the AQoL-8D provided a 
substantially more detailed picture of QoL in that it captured 
the impact that both complex and interdependent physical 
and psychosocial factors may have on the QoL and HSUVs 
of people with MS. This is the first time that a breakdown of 
QoL and HSUV estimates have been provided by age, sex, 
location, MS type, and DMT use. 

Whilst MS results in huge economic costs to individuals 
and the community and a substantial reduction in the QoL 
of people with MS, it remains firmly under the radar, with 
only 4 out of 10 Australians ranking MS a community health 
priority.81 The comprehensive landscape analysis of MS 
provided in this report highlights the need to communicate 
the burden of MS to the broader community and to ensure it 
receives the attention it deserves. The report also highlights 
the changes to the MS landscape that have occurred over 
time, and should be of immense value for advocacy as well 
as for researchers to demonstrate the impact of MS on 
individuals and society.

Chapter 5 Summary and Conclusions 

5.2 Summary of the Key Findings  
of This Report:

5.2.1 Prevalence of MS

The number of people living with MS in Australia is on the 
rise, with the new estimates showing that 25,607 (95%CI: 
24,874−26,478) Australians now live with the MS (an increase 
of 4,324 or a 20.3% increase of people with MS from 
2010). The overall prevalence was 103.7 per 100,000 people 
(95%CI: 100.7−107.2). Comparing states and territories, the 
age-standardised prevalence estimates were highest in TAS 
(138.7 per 100,000 [95%CI: 137.2−140.1]), almost double that 
of QLD (74.6 per 100,000 [95%CI: 73.5−75.6]) and WA (87.7 
per 100,000 [95%CI: 86.6−88.9]), in line with the known 
international latitudinal gradient of MS prevalence. 

Our findings of an increased prevalence of MS in Australia 
compared with 2010 reflect recent global trends. One of the 
key reasons for this increase likely reflects increased survival 
of people with MS, as noted in the International Federation of 
MS Atlas of Multiple Sclerosis10. Another reason is an increase 
in incidence of MS as reflected in a recent study regarding 
the city of Newcastle in the Australian state of NSW11. 

 
5.2.2 Costs of MS 

Total costs for all people of MS in Australia have increased 
substantially over time (from $1.24 billion in 2010 to $1.75 
billion in 2017). This is because of both the increase in costs 
per person of MS in Australia, as well as the increasing 
prevalence of MS in Australia. Annual total per person costs 
of MS increased by 17% from $58,652 in 2010 to $68,382 in 
2017, driven largely by increased costs of DMTs and ofset by 
decreased costs of lost wages and decreased informal care 
costs.

The largest total cost component was the direct costs (44%, 
$30,346). Twenty two percent of the direct per person costs 
($8,437) was born by the people with MS, while government 
and community jointly accounted for 78% of the direct per 
person costs ($21,911). Indirect costs due to lost wages 
comprised a substantial portion of the overall costs of 
illness of MS (32%, $21,858), representing per person loss of 
wages due to early retirement/employment status change/
occupation change). The early retirement of people with MS 
comprised more than 60% of the indirect costs from lost 
wages ($13,468). Other significant cost components included 
the informal care costs (10%, $7,144), nursing home costs 
(9%, $6,343) and the indirect costs from lost productivity 
(4%, $2,691).

Annual total costs increased by 276% from $30,561 for people 
with MS with no disability to $114,813 for people with severe 
disability. Male sex was associated with relatively higher mean 
costs ($71,445), compared to females ($67,689), driven mainly 
by higher indirect costs form lost wages for males. Costs 
increased with age up to 54 years, and then substantially 
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decreased in those over 65 years, mainly because of the lower 
proportion of this group on DMTs, and also because the 
indirect costs from lost wages were lower for this age group. 
However, other costs were substantially higher e.g. direct 
medical costs/informal care cost.

Annual per person costs did not vary substantially between 
the Australian states and territories, with the ACT being 
an exception. However, diferences between states and 
territories should be interpreted with caution due to the low 
sample sizes for TAS and the ACT. Annual per person costs 
did not vary markedly between the Australian Remoteness 
Areas. Costs for the Inner Regional Australia were relatively 
higher, driven mainly by higher indirect costs from lost 
wages in the Inner Regional 
Australia.

Costs were highest for 
people with Secondary 
Progressive MS (SPMS), 
followed by Primary 
Progressive MS (PPMS), 
Progressive Relapsing 
MS (PRMS) and Relapsing 
Remitting MS (RRMS). Being 
on DMTs was associated with 
higher costs ($72,145), compared 
to those not on DMTs ($59,649). 

About 69% of participants included in the cost analysis were 
receiving a DMT, with use declining with increasing disability 
severity. Prescription medications represented a substantial 
proportion (~25%) of the overall costs of MS. We found that 
patients on DMTs had higher costs ($12,000+) compared to 
people not using DMTs. Almost half the expenses on special 
equipment related to mobility needs of people with MS. 

The availability of new treatment options and also 
adjustments in the diagnostic criteria for MS have led to 
changes not only in the management of people with MS 
but also to a focus on earlier diagnosis and treatment. 
Such treatment landscape changes have resulted in cost 
shits. For instance, the indirect costs from lost wages has 
declined from $29,030 (49% of the total costs) in 2010 to 
21,858 (32% of the total costs) in 2017. Despite a doubling 
of direct costs due to DMTs and other factors between 
2010 and 2017, the overall increase in per person costs 
between the two periods is less than $10,000 as a result of 
the decrease in indirect costs from lost wages and others. 
A separate analysis has shown that newer higher eicacy 
DMTs are linked positively to the employment outcomes of 
people with MS,21 and our results are in accordance with 
these findings, suggesting that the cost of the newer higher 
eicacy DMTs has been substantially ofset by reductions in 
some of the indirect and other costs associated with MS. 

We compared our results with the 2011 Australian COI of 
MS study8 that matches with our analysis both in terms 

of its methodological framework and (most of) the cost 
categories considered and found considerable cost shits 
between the various cost components over time. We also 
compared our COI estimates with those from other nations 
and found that costs of MS vary between nations, however, 
Australian per person costs of MS were comparable to 
nations such as Belgium, Denmark, Germany, and Spain. To 
provide a context for MS, a comparison of costs associated 
with other diseases in the Australian setting was also 
performed. Once again, considerable diferences in the costs 
of various diseases in Australia were found that could be due 
to a multitude of factors (e.g.: cost categories considered, 
the diferences in international healthcare systems, and 
diferences in sample demographics including age and sex).

Our cost estimates provide a useful platform for policy 
makers and researchers by providing a snapshot of the 
nature and extent of costs related to MS in Australia in 2017. 
The cost estimates also provide information on the main cost 
drivers, which are important for the development of health 
policies and eicient allocation of scarce national healthcare 
resources. Our results provide an up-to-date, reliable 
reference to support the MS community in advocating for 
increased and targeted support for people with MS and for 
increased research funding to develop further strategies to 
improve the lives of people with MS through prevention of 
disease onset and progression.

 
5.2.3 QoL/HSUVs of MS

We have demonstrated that increasing disability associated 
with MS considerably impacts health utility. This is the 
first study to perform a direct measurement of HSUVs for 
Australian people with MS using the AQoL-8D - a multi 
attribute utility instrument that accounts for the complex 
interdependence of physical and psychosocial aspects 
of QoL. Therefore, the impact of MS on various health 
dimensions (eight individual dimensions of physical and 
psychosocial health and two composite ‘super-dimensions’) 
of people with MS has also been demonstrated. 

We found that the mean (SD) HSUV for people with MS was 
0.61 (0.22). This HSUV is substantially lower (31% lower) than 
that of the Australian general population (mean 0.80; SD 
0.19). 

Psychosocial health status for people with MS was relatively 
low and partially drove the low overall HSUVs for people 
with MS. The individual dimensions of Mental Health and 
Relationships were the lowest individual dimensional scores 
in the psychosocial range. Physical health status was also 
relatively low and the key drivers identified were Pain and 
Independent Living.

People with 
Secondary 

Progressive MS 
(SPMS) incurred the 

highest total costs and this 
is despite the significant 

drop in costs relating 
to DMTs.
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When the overall sample was investigated for diferent 
groups of people with MS we found that the highest 
recorded HSUV (utility valuation) was for people with MS 
with ‘no disability’ namely mean (SD) 0.81 (0.16) and the 
lowest recorded HSUV (utility valuation) was for people with 
‘severe disability’, namely mean (SD) 0.48 (0.19).

We found that as the age of a person with MS increased, 
their HSUV decreased and this trend was opposite to the 
Australian population norms for older age groups when 
measured using the AQoL. We found that the physical health 
impacts of MS were proportionally higher as people with 
MS aged than the psychosocial impacts of the disease that 
impacted on people with MS earlier on (when they were 
younger at diagnosis).

Concerning DMT usage, people using DMTs were a decade 
younger and also recorded a higher HSUV than people not 
using DMTs. The physical dimensions of Independent Living 
(increased) and Pain (decreased) drove the higher utility score 

for people with MS using DMTs, compared to people not using 
DMTs. Psychosocial health was similar for both groups. 

People with the more progressive forms of MS recorded 
much lower HSUVs, driven by low composite physical 
and psychosocial scores and low scores for Independent 
Living, Pain, Relationships and Mental Health. Additionally, 
as disease severity increased health utility decreased, and 
therefore QoL decreased.

Those with no disability reported a HSUV that was the same 
as the general Australian population and reported similar 
scores to the general Australian population in physical and 
psychosocial super dimensions and individual dimensions 
of Independent Living, Senses, Pain, Happiness, Coping, 
Relationships, Self-worth and Mental Health. On the other 
hand, those with mild to severe disability severity recorded 
decreased scores in all of these dimensions. 

MS represents a serious burden for people with MS and 
the community in terms of both economic impact and QoL. 
Interventions that slow or prevent the progression of MS 
may have a substantial impact on the economic costs and 
quality of life of people with MS. 
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Supplemental Table 1A. Medications included  
in the 2017 Cost Diary  

Prescription Medications (DMTs)

Aubagio (Teriflunomide), Avonex (Interferon Beta‐1a), 
Betaferon (Interferon Beta‐2b), Copaxone (Glatiramer 
acetate; sub‐cutaneous injection, every day), Copaxone 
(Glatiramer acetate; sub‐cutaneous injection, every 3 
days), Gilenya (Fingolimod), Lemtrada (Alemtuzumab; 
intravenous infusion, two courses one year apart), 
Mitoxantrone (Novantrone; intravenous infusion, once 
every 3 months for up to 3 years), Plegridy (Pegylated 
Interferon Beta‐1a), Rebif (Interferon Beta‐1a; subcutaneous 
injection, 3 times per week), Tecfidera (Dimethyl 
fumerate [DMF]; oral capsule, twice daily), and Tysabri 
(Natalizumab; intravenous infusion, every 28 days)

Prescription Medications (Symptom-specific and others)

Amoxycillin, Augmentin, Antenex, Baclofen, Biotin, Botox, 
Codalgin Forte, Cialis, Cymbalta, Dantrium, Ditropan, 
Ducene, Endep, Fampyra, Hiprex, Imuran, Keflex, Lioresal, 
Lyrica, Macrodantin, Methoblastin, Naltrexone, Neurontin, 
Norspan, Oxybutinin,Oxytrol Patches, Panadeine Forte, 
Panafcort/Sone, Panafcortelone/Solone, Panamax Co, 
Paxam, Pro‐Banthine, Prodeine Forte, Rivotril, Sativex, 
Symmetrel, Tegretol, Thyroxine, Tofranil, Tramal, Valium, 
Valpam, Vesicare, Zolot, Zydol, and others. 

Non-prescription medication and other products

Actilax, Adipex, Adrenotone, Advacal, Aerius, Alendronate, 
Aspirin, Barberry Tea, Benefibre, Betadine, Bio Magnesium, 
Calamine Lotion, Calcium, Caltrate, Cardiprin, Cenovis 
Mens/Womens Multivitamin, Claratyne, Cod Liver Oil, 
Coenzyme Q10, Coloxyl, Consti-Eze, Curcumin, Disprin 
Max, Dry Mouth Relief Mouthwash, Ducolax, Duro-Tuss 
Forte, Ellura Caps, Evening Primrose Oil, Fero Gradumet, 
Fish 0il, Flax Seed Oil, Folic Acid, Garlic Vitamins, Gastro-
Ease, Gelatine Capsules, Ginkgo Biloba, Glucosamine, 
Glycerin Suppositories, Heron Gold, Ibuprofen, Inner 
Health Plus, Iron Tablets, Joint Restore, Krill Oil, Liver 
Tonic, Linseed Meal, Macu-Vision, Magnesium, Mega 
B Complex, Metamucil, Milk Thistle, Multi & Vision 
Supplement, Nurofen, Nuromol, Nexium, Omega 3, 
Panadeine, Panadol, Panamax, Paracetamol, Paracodeine, 
Poly Visc, Potassium, Probiotics, Remifemin, Sorbolene, 
Sudafed, Paracetamol, Vitamin D, Systane Balance 
Eyedrops, Sustagen, Swabs, Tea Tree Spray, Thiamin, 
Turmeric, Ubiquinol, Ural Sachets, Ventolin, Viclofen, 
Vitamins (Various), Voltaren, and others

Supplemental Tables

Supplemental Table 1B. Cost Items included in 2016 Cost 
Diary 

Disposable equipment and continence items

Catheters And Accessories, Container(Various), Diapers, 
Pads, Liners, Pants, Protectors (Mattress/Chair), Urine 
Bags/Bottles, Drainage Bags, Dressing Packs, Enema Kits, 
Gloves, Lubricants, Sterilising And Cleaning Products, 
Suppositories, Wipes, Other

Health professional services (other than nurses)

Acupuncturist, Chiropractor, Clinical Psychologist, 
Consultant/Rehab Physician, Continence Advisor, 
Counsellor/Outreach Worker, Dentist, Dietician/
Nutritionist, General Practitioner(GP), Massage Therapist, 
Meditation Teacher, Myotherapist, Naturopath, 
Neurologist, Neuropsychologist, Occupational Therapist, 
Ophthalmologist, Optometrist, Osteopath, Physiotherapist, 
Pilates Teacher, Podiatrist, Psychiatrist, Reflexologist, Social 
Worker, Tai Chi Teacher, Urologist, Yoga Teacher, Other

Nursing services

DMT Nurse From Pharmaceutical Company, DMT Or 
Community Nurse From MS Society, DMT Or Community 
Nurse From MS Hospital Or Clinic, Mental Health Nurse, 
Other Community Or Private Nursing.

Community and private services-other than nurses

Community Pool (Including Classes), Hydrotherapy 
(Including Classes), Household Duties (Including Homecare 
Assistance For Ironing, Cleaning And Cooking), Gardening 
(Including Lawn Mowing, Garden Maintenance, Tree 
Lopping), House Repairs And Maintenance( Including 
Handy-Men, Painters, Electricians, Plumbers, Builders And 
Labourers), Gym (Including Membership And Classes), 
Personal Assistance (Shopping, Paying Bills, Household 
Duties, Travel Assistance, Hair Dressing, Dressing), Day 
Centre, Other

Medical tests

Blood Test-Full Blood Count, Blood Test-Vitamin 
D, Blood Test-Other Tests, CT(“CAT”) Scan, EEG 
(Electroencephalogram), Eye/Optical, Liver Function 
Test, MRI, Nerve Conduction Studies, Thyroid And Free 
T4 Tests, Ultrasound, Urine Test (Microscopy & Culture), 
Urodynamic (Bladder Function), X-Rays, Other

Hospital stay/ rehabilitation stay/ nursing home visit/ 
respite care stay/ hospital in the home

Special equipment hiring

Walker With Seat, Adjustable Chair, Bed, Bed Hoist, Bed 
Rail, Commode Chair, Electric Road Scooter, Gopher, 
Hospital Bed, Monitored Alarm System, Shower Chair, 
Walking Frame, Wheelchair, Zimmer Frame. 

Continued onto next page.



76 > Health Economic Impact of Multiple Sclerosis in Australia in 2017  

Special equipment purchase (mobility purchases)

Braces, Supports, Splints And Inserts, Crutches, Equipment 
Accessories (Batteries, Tyres), Exercise Accessories (Bikes, 
Treadmills, Weight), Orthotics/ Specialist Footwear, 
Pick Up Or Reaching Aids, Scooter, Scooter-Repairs And 
Maintenance, Walking Frames, Walking Stick, Wheelchair, 
Wheelchair-Cushion, Wheelchair-Repairs, Maintenance, 
Modifications, Others

Special equipment purchase (visual aids)

Glasses, Spectacles, Contact Lenses, Magnifiers, Special 
Lights, Sunglasses, Others

Special equipment purchase (communications)

Computer Or Laptop, Computer-Accessories, Computer-
Specialist Sotware, Device Repairs, Hearing Aids, 
Intercom, Phone, Phone Accessories, Safety Monitoring, 
Alarms, Pagers, Others

Special equipment purchase (bathroom)

Bath Board Or Seat, Electric Toothbrush, Grab Rails, Hand-
Held Shower Hose, Non-Slip Mats Or Tiles, Shower Chair, 
Stool Or Commode, Taps/Special Tap Handles, Toilet 
Surround or Commode, Others

Special equipment purchase (kitchen)

Assistance Equipment (Jar/ Can Openers), Chairs, Non-Slip 
Items, Specialised Appliance, Specialised Cooking Tools, 
Specialised Crockery, Specialised Cutlery, Others

Supplemental Table 3A. Costs of MS by severity - per person with MS (AUD 2017)  

Cost Category
No 

Disability

Mild 

Disability

No/Mild 

Disability

Moderate 

Disability

Severe 

Disability

Not 

Stated
Overall

(n=103) (n=122) (n=225) (n=173) (n=88) (n=2) (n=488)

Direct costs – personal $2,729 $5,317 $4,132 $9,765 $16,995 $1,444 $8,437

Direct costs – community / government $19,783 $23,325 $21,704 $22,987 $20,820 $194 $21,911

Direct costs – total $22,513 $28,642 $25,836 $32,744 $37,815 $1,638 $30,346

Nursing home and equivalent costs 0 0 $0 0 $35,175 0 $6,343

Informal care costs $0 $3,441 $1,866 $10,494 $14,214 $0 $7,144

Indirect costs from lost wages-early retirement $2,068 $9,456 $6,074 $18,646 $22,500 $0 $13,468

Indirect costs from lost wages-employment 
status change

$2,667 $6,181 $4,572 $8,215 $2,150 $0 $5,408

Indirect costs from lost wages-occupation 
change

$1,500 $5,002 $3,399 $3,210 $1,539 $0 $2,982

Indirect costs from lost wages-overall $6,235 $20,638 $14,044 $30,071 $26,188 $0 $21,858

Indirect costs from lost productivity-absenteeism $497 $334 $409 $599 $447 $0 $482

Indirect costs from lost productivity-
presenteeism

$1,317 $2,759 $2,099 $3,007 $973 $0 $2,209

Indirect costs from lost productivity-overall $1,814 $3,093 $2,508 $3,606 $1,421 $0 $2,691

Total Costs $30,561 $55,815 $44,254 $76,916 $114,813 $1,638 $68,382

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/mild includes EDSS levels 0-3.5, Moderate includes 4 – 6, and Severe includes levels 
6.5 – 9.5.

Supplemental Table 1B continued.

Special equipment purchase (bedroom)

Bed, Bedding-Blankets, Sheets, Underlays, Hoists, Over-
Bed Aid Or Pole, Pressure Or Support Mattress, Pressure 
Or Support Pillow Or Cushion, Others

Special equipment purchase (general)

Clothing-Medical Stockings, Clothing-Temperature Control, 
Cooling Equipment (Fans, Portable Air Conditioners) 
Furniture-Other, General Equipment Repairs, Heating 
Equipment, Rugs/Mats, Symptom Management Equipment 
(Massage Items, TENS Machines), Trolley, Others

Housing related cost (housing costs more than $5,000)

Purchase Of More Suitable House, Sale Of Previous House, 
Fees Charged For Purchase/Sale, Major Alterations, Others

Housing related cost (housing costs under $5,000)

Air Conditioning/ Fans/Heating, Automatic Gates/ Garages, 
Blinds, Insulation, Minor Structural Changes, Non-Slip 
Items, Railing, Other

Alteration to Cars

Alterations To Car Controls, Car Accessories (E.G. Shades, 
Tinting, Covers), Car Purchase Or Upgrade, Car Sales, Easy 
Loader/ Hoist, Others

Transport costs

Private Car, Patient Transport, Public Transport, Taxis
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Supplemental Table 3B. Costs of MS by sex - per person with MS (AUD 2017) 

Cost Category Male Female Overall

(n=90) (n=398) (n=488)

Direct costs – personal $8,066 $8,522 $8,437

Direct costs – community / government $19,421 $22,474 $21,911

Direct costs – total $27,487 $30,996 $30,346

Nursing home and equivalent costs $10,553 $5,391 $6,343

Informal care costs $6,147 $7,369 $7,144

Indirect costs from lost wages-early retirement $19,020 $12,212 $13,468

Indirect costs from lost wages-employment status change $3,645 $5,807 $5,408

Indirect costs from lost wages-occupation change $2,566 $3,077 $2,982

Indirect costs from lost wages-overall $25,231 $21,096 $21,858

Indirect costs from lost productivity-absenteeism $470 $484 $482

Indirect costs from lost productivity-presenteeism $1,558 $2,356 $2,209

Indirect costs from lost productivity-overall $2,028 $2,841 $2,691

Total Costs $71,445 $67,689 $68,382

Supplemental Table 3C. Costs of MS by age group - per person with MS (AUD 2017) 

Cost Category <35 years 35-44 years 45-54 years 55-64 years 65+ years Not Stated Overall

(n=18) (n=73) (n=125) (n=151) (n=119) (n=2) (n=488)

Direct costs – personal $2,717 $4,796 $7,585 $8,876 $12,008 $603 $8,437

Direct costs – community / 
government

$31,148 $29,874 $25,848 $20,628 $13,224 $15,811 $21,911

Direct costs – total $33,865 $34,669 $33,422 $29,504 $25,233 $16,413 $30,346

Nursing home and 
equivalent costs

$1,954 $1,446 $3,095 $6,290 $13,597 $0 $6,343

Informal care costs $0 $6,541 $6,823 $6,642 $9,689 $0 $7,144

Indirect costs from lost 
wages-early retirement

$0 $7,992 $20,555 $20,395 $2,856 $0 $13,468

Indirect costs from lost 
wages-employment status 
change

$10,473 $5,610 $7,671 $5,783 $1,756 $0 $5,408

Indirect costs from lost 
wages-occupation change

$7,692 $2,802 $3,876 $2,889 $1,611 $0 $2,982

Indirect costs from lost 
wages-overall 

$18,165 $16,403 $32,101 $29,068 $6,224 $0 $21,858

Indirect costs from lost 
productivity-absenteeism 

$998 $719 $700 $369 $163 $1,018 $482

Indirect costs from lost 
productivity-presenteeism

$6,180 $2,949 $2,814 $2,172 $522 $4,922 $2,209

Indirect costs from lost 
productivity-overall 

$7,178 $3,668 $3,513 $2,540 $685 $5,941 $2,691

Total Costs $61,163 $62,727 $78,955 $74,044 $55,426 $22,354 $68,382
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Supplemental Table 3D. Costs of MS by state/territory - per person with MS (AUD 2017) 

Cost Category NSW VIC QLD WA SA TAS ACT NT
Not 

Stated
Overall

(n=132) (n=123) (n=72) (n=52) (n=50) (n=25) (n=28) (1) (n=5) (n=488)

Direct costs – personal $9,755 $7,681 $7,757 $10,615 $8,260 $4,993 $7,090 $2,753 $7,083 $8,437

Direct costs – community / 
government

$21,743 $24,824 $21,511 $23,180 $23,250 $17,712 $13,047 $388 $8,788 $21,911

Direct costs – total $31,488 $32,506 $29,269 $33,795 $31,510 $22,704 $20,137 $3,141 $15,871 $30,346

Nursing home and equivalent costs $5,863 $6,005 $8,305 $8,117 $5,628 $7,035 $2,513 $0 $7,035 $6,343

Informal care costs $7,683 $4,641 $11,706 $3,050 $6,918 $18,901 $0 $0 $16,275 $7,144

Indirect costs from lost wages-
early retirement

$15,945 $14,006 $14,246 $11,573 $6,029 $17,506 $9,770 $0 $20,951 $13,468

Indirect costs from lost wages-
employment status change

$5,946 $5,943 $4,167 $7,496 $6,703 $2,131 $1,057 $0 $3,098 $5,408

Indirect costs from lost wages-
occupation change

$2,237 $3,214 $1,103 $6,222 $4,936 $2,519 $1,859 $0 $0 $2,982

Indirect costs from lost wages-
overall 

$24,128 $23,163 $19,515 $25,291 $17,668 $22,155 $12,686 $0 $24,049 $21,858

Indirect costs from lost 
productivity-absenteeism 

$519 $375 $769 $107 $957 $369 $84 $0 $0 $482

Indirect costs from lost 
productivity-presenteeism

$2,443 $1,738 $3,457 $1,932 $2,065 $1,725 $1,648 $0 $0 $2,209

Indirect costs from lost 
productivity-overall 

$2,961 $2,113 $4,226 $2,039 $3,022 $2,094 $1,732 $0 $0 $2,691

Total Costs $72,123 $68,428 $73,022 $72,293 $64,747 $72,890 $37,068 $3,141 $63,229 $68,382

Supplemental Table 3E. Costs of MS by Geographical Remoteness - per person with MS (AUD 2017)

Cost Category Major Cities Inner Regional Outer Regional
Remote/Very 

Remote
Overall

(n=331) (n=115) (n=32) (n=10) (n=488)

Direct costs – personal $7,641 $10,959 $6,812 $10,992 $8,437

Direct costs – community / government $22,400 $21,206 $17,743 $27,167 $21,911

Direct costs – total $30,037 $32,166 $24,555 $38,159 $30,346

Nursing home and equivalent costs $6,376 $7,341 $4,397 $0 $6,343

Informal care costs $5,574 $9,995 $11,636 $11,957 $7,144

Indirect costs from lost wages-early 
retirement

$12,278 $17,846 $9,984 $13,669 $13,468

Indirect costs from lost wages-employment 
status change

$5,215 $6,063 $6,741 $0 $5,408

Indirect costs from lost wages-occupation 
change

$2,530 $3,889 $5,334 $0 $2,982

Indirect costs from lost wages-overall $20,023 $27,798 $22,059 $13,669 $21,858

Indirect costs from lost productivity-
absenteeism 

$451 $567 $600 $110 $482

Indirect costs from lost productivity-
presenteeism

$2,372 $1,846 $1,515 $3,198 $2,209

Indirect costs from lost productivity-overall $2,824 $2,414 $2,116 $3,308 $2,691

Total Costs $64,834 $79,713 $64,762 $67,093 $68,382
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Supplemental Table 3F. Costs of MS by MS type - per person with MS (AUD 2017)

Cost Category PPMS RRMS SPMS PRMS Unsure Not Stated Overall

(n=32) (n=291) (n=68) (n=13) (n=49) (n=35) (n=488)

Direct costs – personal $11,244 $6,983 $12,925 $7,829 $8,610 $9,228 $8,437

Direct costs – community / government $9,878 $24,902 $20,510 $23,039 $14,405 $20,856 $21,911

Direct costs – total $21,122 $31,881 $33,435 $30,867 $23,015 $30,084 $30,346

Nursing home and equivalent costs $13,191 $2,055 $16,553 $10,823 $10,050 $9,045 $6,343

Informal care costs $15,067 $4,175 $11,898 $12,088 $11,556 $7,331 $7,144

Indirect costs from lost wages-early 
retirement

$8,732 $12,260 $25,435 $4,029 $11,472 $10,886 $13,468

Indirect costs from lost wages-
employment status change

$4,795 $6,127 $3,781 $3,820 $3,741 $6,077 $5,408

Indirect costs from lost wages-
occupation change

$3,350 $3,082 $1,946 $3,820 $2,542 $4,135 $2,982

Indirect costs from lost wages-overall $16,877 $21,470 $31,162 $11,670 $17,755 $21,098 $21,858

Indirect costs from lost productivity-
absenteeism 

$822 $462 $235 $266 $636 $677 $482

Indirect costs from lost productivity-
presenteeism

$2,593 $2,850 $663 $815 $331 $2,680 $2,209

Indirect costs from lost productivity-
overall 

$3,415 $3,312 $899 $1,081 $967 $3,357 $2,691

Total Costs $69,671 $62,893 $93,947 $66,530 $63,343 $70,916 $68,382

Supplemental Table 3G. Costs of MS by DMT usage - per person with MS (AUD 2017)

Cost Category DMT No DMT Not stated Overall

(n=339) (n=142) (n=7) (n=488)

Direct costs – personal $7,465 $10,901 $5,584 $8,437

Direct costs – community / government $28,495 $5,598 $33,971 $21,911

Direct costs – total $35,956 $16,499 $39,555 $30,346

Nursing home and equivalent costs $3,839 $12,633 $0 $6,343

Informal care costs $5,774 $10,766 $0 $7,144

Indirect costs from lost wages-early retirement $14,321 $12,094 $0 $13,468

Indirect costs from lost wages-employment status change $6,399 $2,967 $6,929 $5,408

Indirect costs from lost wages-occupation change $3,062 $2,376 $11,443 $2,982

Indirect costs from lost wages-overall $23,782 $17,437 $18,372 $21,858

Indirect costs from lost productivity-absenteeism $427 $584 $1,021 $482

Indirect costs from lost productivity-presenteeism $2,366 $1,730 $4,332 $2,209

Indirect costs from lost productivity-overall $2,793 $2,315 $5,353 $2,691

Total Costs $72,145 $59,649 $63,281 $68,382
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Supplemental Table 3H. Direct costs - by cost category and disability severity - per person with MS (AUD 2017)

Cost Category
No 
Disability

Mild 
Disability

No/Mild 
Disability

Moderate 
Disability

Severe 
Disability

Not Stated Overall

(n=103) (n=122) (n=225) (n=173) (n=88) (n=2) (n=488)

Prescription  
medication_DMTs

$17,432 $17,429 $17,430 $17,130 $9,828 $0 $15,882

Prescription medication_
Symptom Specific

$39 $279 $169 $619 $1,260 $0 $524

Prescription  
medication_Others 

$50 $134 $95 $552 $427 $0 $317

Prescription  
medication_Overall 

$17,521 $17,842 $17,695 $18,301 $11,515 $0 $16,723

Non-prescription medication $202 $255 $231 $464 $418 $230 $347

Disposable equipment $20 $66 $45 $379 $1,685 $288 $460

Health professionals $1,414 $1,788 $1,617 $2,632 $3,344 $121 $2,282

Nursing services $353 $630 $503 $668 $727 $0 $600

Community and private 
services

$337 $1,036 $716 $1,892 $5,789 $0 $2,045

Medical tests $739 $971 $865 $814 $633 $0 $801

Hospital stay $1,084 $3,782 $2,547 $2,068 $3,037 $0 $2,455

Special equipment Hiring $3 $3 $3 $4 $79 $0 $17

Special equipment  
Purchase-MOBILITY

$17 $52 $36 $397 $1,272 $839 $390

Special equipment  
Purchase-VISUAL AIDS

$26 $42 $35 $81 $82 $0 $59

Special equipment Purchase-
COMMUNICATIONS

$33 $44 $39 $110 $209 $0 $95

Special equipment  
Purchase-BATHROOM

$7 $34 $22 $66 $211 $160 $72

Special equipment  
Purchase-KITCHEN

$5 $2 $4 $39 $48 $0 $24

Special equipment  
Purchase-BEDROOM

$10 $94 $56 $110 $280 $0 $115

Special equipment  
Purchase-GENERAL

$19 $47 $34 $112 $174 $0 $87

Special equipment  
Purchase-OVERALL

$122 $319 $229 $918 $2,356 $999 $860

Alterations to home $355 $1,252 $841 $2,765 $4,768 $0 $2,228

Alterations to car $59 $205 $138 $835 $1,258 $0 $586

Alterations to car/home $414 $1,456 $979 $3,600 $6,026 $0 $2,814

Transport Costs $307 $497 $410 $1,010 $2,285 $0 $959

Total Costs $27,085 $28,642 $25,836 $32,744 $37,815 $1,638 $30,346

No disability includes EDSS level 0, Mild includes EDSS levels 1 – 3.5, No/mild includes EDSS levels 0-3.5, Moderate includes 4 – 6, and Severe includes levels 
6.5 – 9.5.
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Supplemental Table 3I. Direct costs - by cost category and sex- per person with MS (AUD 2017)

Cost Category Male Female Overall

(n=90) (n=398) (n=488)

Prescription medication_DMTs $13,798 $16,353 $15,882

Prescription medication_Symptom Specific $820 $458 $524

Prescription medication_Others $230 $336 $317

Prescription medication_Overall $14,848 $17,147 $16,723

Non-prescription medication $217 $376 $347

Disposable equipment $283 $500 $460

Health professionals $1,909 $2,366 $2,282

Nursing services $489 $625 $600

Community and private services $1,663 $2,131 $2,045

Medical tests $783 $806 $801

Hospital stay $2,448 $2,456 $2,455

Special equipment Hiring $30 $14 $17

Special equipment Purchase-MOBILITY $555 $353 $390

Special equipment Purchase-VISUAL AIDS $54 $61 $59

Special equipment Purchase-COMMUNICATIONS $94 $95 $95

Special equipment Purchase-BATHROOM $119 $62 $72

Special equipment Purchase-KITCHEN $15 $26 $24

Special equipment Purchase-BEDROOM $107 $117 $115

Special equipment Purchase-GENERAL $136 $76 $87

Special equipment Purchase-OVERALL $1,110 $803 $860

Alterations to home $879 $2,533 $2,228

Alterations to car $1,068 $477 $586

Alterations to car/home $1,947 $3,010 $2,814

Transport Costs $1,789 $772 $959

Total Costs $27,487 $30,992 $3,0346
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Supplemental Table 3J. Direct costs - by cost category and age group - per person with MS (AUD 2017) 

Cost Category <35 years
35-44 
years

45-54 
years

55-64 
years

65+ years Not stated Overall

(n=18) (n=73) (n=125) (n=151) (n=119) (n=2) (n=488)

Prescription medication_DMTs $23,385 $23,617 $19,407 $14,954 $7,483 $15,455 $15,882

Prescription medication_Symptom Specific $110 $390 $545 $502 $685 $0 $524

Prescription medication_Others $256 $207 $480 $273 $282 $0 $317

Prescription medication_Overall $23,751 $24,214 $20,431 $15,729 $8,451 $15,455 $16,723

Non-prescription medication $270 $298 $403 $376 $295 $270 $347

Disposable equipment $57 $299 $219 $210 $1,198 $0 $460

Health professionals $1,861 $2,012 $2,115 $2,346 $2,640 $179 $2,282

Nursing services $225 $1,107 $336 $656 $561 $0 $600

Community and private services $479 $935 $1,349 $2,127 $3,623 $0 $2,045

Medical tests $529 $1,170 $910 $822 $483 $510 $801

Hospital stay $3,891 $3,130 $3,191 $2,556 $962 $0 $2,455

Special equipment Hiring $1 $10 $5 $13 $41 $0 $17

Special equipment Purchase-MOBILITY $53 $120 $242 $360 $807 $0 $390

Special equipment Purchase-VISUAL AIDS $89 $34 $80 $57 $52 $0 $59

Special equipment Purchase-

COMMUNICATIONS
$16 $54 $122 $83 $121 $0 $95

Special equipment Purchase-BATHROOM $28 $20 $39 $77 $140 $0 $72

Special equipment Purchase-KITCHEN $5 $13 $32 $24 $27 $0 $24

Special equipment Purchase-BEDROOM $10 $92 $98 $68 $225 $0 $115

Special equipment Purchase-GENERAL $84 $44 $87 $62 $146 $0 $87

Special equipment Purchase-OVERALL $287 $386 $705 $745 $1,559 $0 $860

Alterations to home $1,917 $388 $2,157 $2,397 $3,301 $0 $2,228

Alterations to car $444 $218 $618 $721 $639 $0 $586

Alterations to car/home $2,362 $606 $2,776 $3,118 $3,940 $0 $2,814

Transport Costs $154 $511 $986 $819 $1,521 $0 $959

Total Costs $33,865 $34,669 $33,422 $29,504 $25,233 $16,413 $3,0346
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Supplemental Table 3K. Direct costs - by cost category and state/territory - per person with MS (AUD 2017) 

Cost Category NSW ACT VIC QLD SA WA TAS NT
Not 
stated

Overall

(n=132) (n=28) (n=123) (n=72) (n=50) (n=52) (n=25) (n=1) (n=6) (n=488)

Prescription medication_DMTs $15,961 $9,928 $19,215 $13,791 $16,135 $16,120 $13,010 $0 $7,739 $15,882

Prescription medication_
Symptom Specific

$648 $320 $493 $551 $427 $559 $316 $0 $568 $524

Prescription medication_Others $409 $198 $339 $329 $239 $173 $190 $0 $775 $317

Prescription medication_Overall $17,019 $10,445 $20,047 $14,672 $16,801 $16,852 $13,515 $0 $9,082 $16,723

Non-prescription medication $363 $426 $302 $408 $398 $301 $264 $324 $116 $347

Disposable equipment $373 $174 $332 $1,041 $595 $304 $300 $576 $250 $460

Health professionals $2,574 $2,078 $1,987 $2,161 $2,701 $2,632 $1,432 $242 $1,522 $2,282

Nursing services $639 $528 $282 $707 $511 $1,131 $946 $0 $0 $600

Community and private services $2,280 $1,525 $2,009 $1,441 $1,563 $3,558 $1,539 $0 $334 $2,045

Medical tests $929 $458 $685 $909 $851 $882 $656 $0 $200 $801

Hospital stay $2,314 $153 $2,452 $3,119 $3,820 $2,289 $2,079 $0 $0 $2,455

Special equipment Hiring $4 $1 $11 $55 $4 $27 $30 $0 $0 $17

Special equipment  
Purchase-MOBILITY

$406 $365 $406 $364 $499 $393 $115 $1,679 $126 $390

Special equipment  
Purchase-VISUAL AIDS

$67 $114 $66 $50 $27 $27 $79 $0 $100 $59

Special equipment Purchase-
COMMUNICATIONS

$86 $30 $123 $92 $142 $44 $18 $0 $504 $95

Special equipment  
Purchase-BATHROOM

$91 $55 $67 $38 $92 $75 $52 $320 $104 $72

Special equipment  
Purchase-KITCHEN

$27 $0 $34 $2 $28 $44 $8 $0 $0 $24

Special equipment  
Purchase-BEDROOM

$109 $146 $140 $149 $51 $106 $4 $0 $300 $115

Special equipment  
Purchase-GENERAL

$89 $56 $101 $80 $91 $66 $67 $0 $246 $87

Special equipment  
Purchase-OVERALL

$880 $767 $948 $830 $935 $781 $372 $1,999 $1,380 $860

Alterations to home $1,591 $2,671 $2,406 $2,513 $1,522 $4,310 $752 $0 $1,316 $2,228

Alterations to car $761 $578 $426 $671 $892 $196 $308 $0 $1,240 $586

Alterations to car/home $2,353 $3,249 $2,832 $3,183 $2,414 $4,506 $1,059 $0 $2,556 $2,814

Transport Costs $1,764 $336 $629 $798 $921 $561 $541 $0 $431 $959

Total Costs $31,488 $20,137 $32,506 $29,269 $31,510 $33,795 $22,704 $3,141 $15,871 $3,0346
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Supplemental Table 3L. Direct costs - by cost category and geographical remoteness - per person with MS (AUD 2017)

Cost Category Major Cities Inner Regional Outer Regional
Remote/Very 

Remote
Overall

(n=331) (n=115) (n=32) (n=10) (n=488)

Prescription medication_DMTs $16,333 $15,541 $10,588 $21,801 $15,882

Prescription medication_Symptom Specific $558 $476 $333 $593 $524

Prescription medication_Others $278 $494 $118 $200 $317

Prescription medication_Overall $17,168 $16,511 $11,039 $22,593 $16,723

Non-prescription medication $357 $305 $353 $476 $347

Disposable equipment $452 $467 $589 $234 $460

Health professionals $2,429 $1,943 $1,914 $2,494 $2,282

Nursing services $543 $532 $1,044 $1,821 $600

Community and private services $2,011 $1,935 $3,159 $870 $2,045

Medical tests $774 $855 $664 $1,539 $801

Hospital stay $2,448 $2,526 $2,502 $1,713 $2,455

Special equipment Hiring $20 $11 $5 $11 $17

Special equipment Purchase-MOBILITY $372 $422 $357 $732 $390

Special equipment Purchase-VISUAL AIDS $60 $75 $19 $0 $59

Special equipment Purchase-

COMMUNICATIONS
$86 $128 $105 $0 $95

Special equipment Purchase-BATHROOM $58 $124 $30 $66 $72

Special equipment Purchase-KITCHEN $21 $32 $13 $79 $24

Special equipment Purchase-BEDROOM $106 $150 $75 $151 $115

Special equipment Purchase-GENERAL $89 $87 $43 $145 $87

Special equipment Purchase-OVERALL $812 $1,030 $646 $1,183 $860

Alterations to home $1,725 $3,890 $1,383 $2,452 $2,228

Alterations to car $560 $611 $592 $1,160 $586

Alterations to car/home $2,285 $4,501 $1,975 $3,612 $2,814

Transport Costs $758 $1,561 $669 $1,624 $959

Total Costs $30,037 $32,166 $24,555 $38,159 $3,0346
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Supplemental Table 3M. Direct costs - by cost category and MS type - per person with MS (AUD 2017)

Cost Category PPMS RRMS SPMS PRMS Unsure Not Stated Overall

(n=32) (n=291) (n=68) (n=13) (n=49) (n=35) (n=488)

Prescription medication_DMTs $6,272 $19,684 $9,912 $15,843 $8,341 $15,223 $15,882

Prescription medication_Symptom Specific $466 $258 $1,562 $1,331 $385 $676 $524

Prescription medication_Others $448 $216 $758 $426 $260 $215 $317

Prescription medication_Overall $7,186 $20,157 $12,232 $17,600 $8,986 $16,114 $16,723

Non-prescription medication $364 $351 $440 $268 $199 $354 $347

Disposable equipment $346 $340 $967 $295 $514 $565 $460

Health professionals $2,396 $1,885 $3,848 $2,236 $1,746 $3,202 $2,282

Nursing services $306 $535 $594 $1,613 $742 $839 $600

Community and private services $1,129 $1,426 $4,610 $426 $2,552 $2,936 $2,045

Medical tests $474 $856 $691 $1,192 $838 $668 $801

Hospital stay $722 $2,791 $2,714 $3,108 $1,682 $1,579 $2,455

Special equipment Hiring $28 $10 $58 $2 $4 $7 $17

Special equipment Purchase-MOBILITY $646 $174 $949 $486 $732 $355 $390

Special equipment Purchase-VISUAL AIDS $35 $66 $79 $22 $37 $37 $59

Special equipment Purchase-

COMMUNICATIONS
$55 $77 $217 $9 $58 $130 $95

Special equipment Purchase-BATHROOM $91 $41 $160 $86 $129 $57 $72

Special equipment Purchase-KITCHEN $28 $22 $51 $0 $7 $23 $24

Special equipment Purchase-BEDROOM $99 $74 $269 $156 $200 $33 $115

Special equipment Purchase-GENERAL $38 $61 $186 $207 $120 $60 $87

Special equipment Purchase-OVERALL $1,021 $525 $1,968 $968 $1,289 $702 $860

Alterations to home $5,576 $2,025 $2,681 $2,477 $1,108 $1,448 $2,228

Alterations to car $953 $352 $976 $199 $871 $1,189 $586

Alterations to car/home $6,528 $2,377 $3,657 $2,676 $1,979 $2,637 $2,814

Transport Costs $650 $637 $1,714 $486 $2,487 $488 $959

Total Costs $21,122 $31,881 $33,435 $30,867 $23,015 $30,084 $3,0346
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Supplemental Table 3N. Direct costs - by cost category and DMT usage -  
per person with MS by DMT usage (AUD 2017) 

Cost Category DMT No DMT Not stated Overall

(n=339) (n=142) (n=7) (n=488)

Prescription medication_DMTs $22,359 $0 $24,384 $15,882

Prescription medication_Symptom Specific $509 $584 $64 $524

Prescription medication_Others $320 $317 $172 $317

Prescription medication_Overall $23,187 $901 $24,619 $16,723

Non-prescription medication $333 $385 $268 $347

Disposable equipment $434 $546 $0 $460

Health professionals $2,093 $2,468 $7,642 $2,282

Nursing services $691 $412 $0 $600

Community and private services $1,432 $3,536 $1,445 $2,045

Medical tests $915 $523 $943 $801

Hospital stay $2,993 $1,169 $2,447 $2,455

Special equipment Hiring $8 $38 $0 $17

Special equipment Purchase-MOBILITY $312 $591 $100 $390

Special equipment Purchase-VISUAL AIDS $53 $73 $66 $59

Special equipment Purchase-

COMMUNICATIONS
$67 $162 $111 $95

Special equipment Purchase-BATHROOM $51 $122 $60 $72

Special equipment Purchase-KITCHEN $19 $35 $74 $24

Special equipment Purchase-BEDROOM $73 $216 $100 $115

Special equipment Purchase-GENERAL $80 $98 $188 $87

Special equipment Purchase-OVERALL $664 $1,335 $699 $860

Alterations to home $1,996 $2,870 $437 $2,228

Alterations to car $467 $858 $857 $586

Alterations to car/home $2,463 $3,728 $1,294 $2,814

Transport Costs $751 $1,494 $198 $959

Total Costs $35,956 $16,499 $39,555 $3,0346
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