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Abstract 

Multiple Sclerosis (MS) is a chronic disease of the central nervous system that affects more 

than 25,600 Australians and 2.8 million people worldwide. Recent evidence shows that 

comorbidities, medical conditions that co-occur with an index disease, are common and could 

detrimentally affect the clinical course of people with MS. The overarching aim of this thesis 

is to conduct studies on comorbidities and MS that deliver novel information which could 

strengthen the current recommendations or contribute new recommendations for preventing 

and/or managing comorbidities in the MS population. 

This thesis used data from three surveys of the Australian MS Longitudinal Study (AMSLS). 

The AMSLS is a large, ongoing research-based project since 2002 that has maintained a 

national cohort of approximately 3,000 adult Australian volunteers with MS. The first study 

(Chapter 3) focused on identifying the changes in the prevalence of comorbidities between 

MS symptom onset and at follow-up at a mean of 20.5 years post-symptom onset. The 

prevalence of comorbidities, particularly of depression, anxiety, hypertension, osteoarthritis, 

high cholesterol, eye diseases, osteoporosis and cancer, increased substantially between 

symptom onset and the time of study. The age-and-sex standardised prevalence of anaemia, 

cancer, anxiety, depression, migraine, psoriasis and epilepsy was significantly higher in people 

with MS compared to the general Australian population at the time of study.  No significant 

differences were seen by MS onset-types. This study provides supporting evidence that 

comorbidities are already common in early stages of MS and accumulate more in people with 

MS than would be expected with normal aging, regardless of MS onset-type. 

The second study (Chapter 4) focused on identifying the key comorbidities that could be 

targeted for early detection and treatment to achieve better health-related quality of life 

Abstract 
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(HRQoL) outcomes in people with MS. The number of comorbidities was strongly associated 

with lower HRQoL in a dose-dependent fashion. Compared to those without comorbidities, 

those with two or three comorbidities had a HRQoL that was 0.08 lower, and those with four 

or more comorbidities, the HRQoL was 0.18 units lower. This study also highlighted that 

mental health disorders were by far the largest contributor to the overall and psychosocial 

super-dimension of the HRQoL. Musculoskeletal disorders, on the other hand, were the largest 

contributors to the physical super-dimension and were the second largest contributor to overall 

HRQoL.  

The third study (Chapter 5) provided key evidence on the associations between the total 

number of comorbidities and the severity of MS symptoms. This study also determined which 

comorbidities made the strongest contributions to the severity of the most common symptoms 

experienced by people with MS. Comorbidities were strongly associated with the severity of 

all MS symptoms, with the strongest associations being for symptoms of feelings of anxiety, 

feelings of depression and pain (ratios of means >0.12 per comorbidity increase). 

Comorbidities together explained from 3.7% up to 22.0% of the variance of the severity of 

different symptoms. Further, mental health disorders (i.e. depression) and musculoskeletal 

disorders (i.e. osteoporosis) were the largest contributors to the severity of the most common 

symptoms in MS.  

We recognise that comorbidities are a complex phenomenon and simultaneously managing 

multiple comorbidities is challenging with potential for serious adverse events. Shifting from 

a “single-disease paradigm” to a “multi-morbidity approach” may offer more personalised 

approaches to comorbidity prevention and treatment. In this regard, we conducted the final 

study (Chapter 6) to determine the patterns of comorbidities that exist in MS and their 

association with the demographics and clinical characteristics of people with MS. We identified 

Abstract 
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five statistically distinct and clinically meaningful comorbidity patterns in MS and classified 

them as: 1) minimally-diseased 2) metabolic 3) non-metabolic 4) mental health-allergy and 5) 

severely-diseased. Age, sex, obesity and disability level were associated with the probabilities 

of belonging to different comorbidity classes, while no associations were found with MS onset-

types, disease modifying therapy status, education attainment and relative socioeconomic 

status. 

The overall clinical message of my PhD thesis is that early detection and optimal management 

of comorbidities in MS is important. Hence, people with MS and health professionals can both 

play a proactive role in the identification and management of comorbidities. To assist in the 

process, we recommend that people with MS engage themselves in self-monitoring of their 

conditions and be proactive in updating and reporting of any comorbidities or symptoms that 

they may experience to their healthcare providers to allow for timely advice and management. 

Moreover, we encourage them to adopt and commit to a positive health behaviours and lifestyle 

changes. For health professionals, my work showed support for early screening as well as 

routine screening for possible risk factors and comorbidities. Health professionals may wish to 

focus their efforts on the common comorbidities with the largest impact, such as mental health 

and musculoskeletal disorders. Lastly, with the demonstrated impact of comorbidities on 

HRQoL and the severity of common MS symptoms, optimal management of comorbidities is 

important. To optimise care for a person with MS with comorbidities, we encourage healthcare 

providers to create an individualised management plan that considers the purpose of care, the 

patient goals, the total treatment burden, and an assessment of benefits and harm of the 

treatments. Effective collaboration with other healthcare professionals, family members and 

carers are likely to further improve the care of people with MS with comorbidities.  

Abstract 
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Chapter 1 

Rationale and main objectives of the thesis 

1.1. Preface 

This chapter includes the rationale and the objectives of this PhD thesis. This chapter also gives 

a general concept of comorbidity, the data platform used throughout the thesis and the outline 

of the whole thesis. This chapter does not provide a full background review of the key topics, 

but rather details the purpose of conducting the studies underlying this thesis.   

1.2. The general concept of comorbidity 

 Comorbidity has been described in different ways. In 1970, Alvan Feinstein conceptualized 

comorbidity as “any distinct additional entity that has existed or may occur during the clinical 

course of a patient who has the index disease under study” 1. A broader description, also used 

frequently in research, is that comorbidity refers to “the total burden of illness or disease other 

than the disease of interest” or “the co-occurrence of multiple diseases in an individual” 2, 3. 

The latter description is often confused with the term multimorbidity which is clinically defined 

as “the co-occurrence of multiple chronic or acute diseases or medical conditions within one 

person without any reference to an index condition” 2. In this regard, van den Akker and 

colleagues made a useful and clear distinction between the two concepts (Figure 1.1) 4. For the 

definition of comorbidity, there is a specified predominant medical condition that possibly 

triggers the occurrence of secondary medical conditions at any point in the disease course. On 
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the other hand, the definition of multimorbidity gives no emphasis on any primary medical 

condition and treats all medical conditions as equally important 4.  

Figure 1.1. The difference between comorbidity and multimorbidity 
(Note: For the ease of illustration, only 3 medical conditions were included) 

Therefore, following the definition of comorbidity by Feinstein in this thesis, multiple sclerosis 

(MS) is the primary or index disease, and any other medical condition that exists or co-occurs 

with MS at and after MS symptom onset is a comorbidity of MS. 

1.3. Background and rationale for the studies 

Chapter 3: Change and onset-type differences in the prevalence of comorbidities in 

people with multiple sclerosis 

Previous studies have already shown that comorbidities are more common in people with MS 

than in the general population or any controls 5. However, most studies used different 

populations to estimate the prevalence at different time points in the disease course and were 

limited to certain groups of comorbidities. For instance, in a population-based Canadian study 

linking administrative and clinical data and in the five years leading up to the first 

demyelinating event or symptom onset, there were higher rates of healthcare use for various 

medical conditions involving the mental health, nervous, musculoskeletal and genito-urinary 

system, sensory organs and skin-related diseases in those developing MS than the controls 6. 

At MS diagnosis, the most prevalent comorbidities were depression (19.1%), hypertension 

(15.2%), chronic lung disease (12.1%) and anxiety (11.1%) as showed in the population-based 
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cohort study using an administrative health data of 16,803 Canadians with MS 7. Meanwhile, 

in several population-based cohort studies, comorbidities such as psoriasis 8, 9, psychiatric and 

mood disorders 10, cerebrovascular and cardiovascular disorders 11-14, vision problems 14 and 

thyroid disorders 15 were more common in people with MS compared to the general population 

or controls after MS diagnosis.  

From all this evidence from different clinical and epidemiological studies, very few studies 

have identified which individual comorbidities incur large changes in their prevalences 

between MS symptom onset and at a certain time point after MS diagnosis using the same 

population and whether these prevalences were affected by MS onset-types. It is important to 

determine the changes in the prevalence of comorbidities as it provides a more accurate picture 

of which comorbidities need early detection, continuous management and treatment throughout 

the disease course. Additionally, studies on the variation in the prevalence of comorbidities 

across the different onset-types of MS are also undoubtedly important, as this could also affect 

the management and screening for comorbidities in people with MS. 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-

related quality of life of people with Multiple Sclerosis; and 

Chapter 5: Comorbidities contribute substantially to the severity of common Multiple 

Sclerosis symptoms 

Aside from their prevalence, the growing recognition of the importance of comorbidities in MS 

research is also due to their effects on different health outcomes in MS. Several studies have 

identified adverse impacts of comorbidities, highlighting that the presence of comorbidities 

may lower quality of life 16-21 and increase symptoms severity  22-24, disability progression 25, 26 

and MS relapses 15, 26, 27. Additionally, comorbidities in MS may  affect magnetic resonance 

imaging (MRI) findings 28-30 and treatment decisions 31, decrease work productivity 32, increase 
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economic impact 33, hospitalizations 34-36 and mortality 37, 38. Although there exists considerable 

evidence for the influence and relevance of comorbidities on health outcomes of people with 

MS, a perceived knowledge gap is still apparent, such as which single or groups of 

comorbidities make greater contributions to the various health outcomes in people with MS. 

Gaining insight to the specific comorbidities that are substantially associated with the health 

outcomes in MS can aid clinicians and other healthcare professionals in focusing on screening 

for such comorbidities promptly and to design more efficient prevention and management 

strategies along the disease course. 

Chapter 6: Comorbidity patterns in people with Multiple Sclerosis: A latent class analysis 

of the Australian Multiple Sclerosis Longitudinal Study 

Comorbidities are also recognized as a major public health issue. The current framework of the 

healthcare system is predominantly configured to deliver care for one health condition and may 

not be completely useful for people with MS with several comorbidities. People with multiple 

medical comorbidities often face challenges on how to obtain a complete treatment package 

for all their medical conditions 39.  For people with a chronic condition like MS, an integrated 

approach rather than single-disease focus is more appropriate, as they are at a higher risk of 

inadequate care and undesirable treatment effects caused by polypharmacy 40. However, our 

epidemiological knowledge of the common comorbidity patterns that occur in MS is rarely 

considered. An examination of the patterns of comorbidity in MS is therefore important for the 

following reasons: 1) from a clinical research perspective, it may provide better constructs for 

primary care in order to provide a differentiated treatment strategy for people with MS with 

distinct comorbidity patterns; 2) from an epidemiological perspective, it may provide 

additional information on the aetiology and causal relationships of the primary disease and 

different comorbidities that could possibly explain their co-occurrence; 3) from a health 
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services and policy development perspective, it may help in decision-making regarding the 

allocation of resources and in formulating different patient-centred treatment strategies, which 

is valuable both on population and clinical levels.  

1.4. The project central to this thesis 

This thesis utilized the Australian Multiple Sclerosis Longitudinal Study (AMSLS). It is a 

large, ongoing research-based project that is owned by MS Research Australia (MSRA), a non-

profit, national incorporated entity, in partnership with the Menzies Institute for Medical 

Research (University of Tasmania) 41. The AMSLS was developed in 2002 with a primary goal 

of improving the treatment and services for people with MS and providing an evidence-based 

recommendations for various stakeholders such as health professionals, scientists and the 

whole MS community 42. Since then, it has continued to recruit participants to counter the 

annual attrition rate of 1.5 to 3.0% and has maintained a national cohort of approximately 3,000 

adult Australian volunteers with MS with the assistance of all Australian States and Territories. 

The AMSLS is a representative sample of people with MS in Australia 42. From its inception, 

the AMSLS has conducted two to four surveys each year. The data has been used, for example, 

to estimate the total number of Australians with MS 43, describe the impact of MS on different 

health-outcomes such as quality of life 44-46, employment 47-49, work productivity 50, symptoms 

severity 51, disability 45, 52 and costs 53-55 and provide evidence-based research for supporting 

policy recommendations and development 56. The study was initially approved by the 

Australian Capital Territory Health Human Research Ethics Committee and from 2014, by the 

Tasmanian Health and Medical Human Research Ethics Committee after the study centre was 

relocated to Tasmania. AMSLS conforms to the 1964 Declaration of Helsinki’s ethical 

standards for human research. 
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The data used throughout this thesis was collected from the three surveys of the AMSLS. 

More detailed information of each survey was provided in the relevant chapters of this thesis. 

A brief description for each survey is as follows:  

1.4.1. 2016 Lifestyle and Environment Survey  

This survey (Appendix 1) was used in the studies discussed in Chapter 3 to Chapter 6. It 

provided the information about the comorbidities of people with MS. The comorbidity data 

was collected in different ways, including overall number, doctor-diagnosed, those present at 

symptom onset, being treated and limiting physical activities which provided more detailed 

knowledge of comorbidities in MS. The primary aim of this survey was to determine whether 

the different lifestyle and environmental factors such as having comorbidities were associated 

with various health outcomes in MS.  

1.4.2. 2016 Medication and Disease Course Survey 

This survey (Appendix 2) was used in the studies discussed in Chapter 4 and Chapter 5. It 

provided the participant demographics, clinical characteristics and patient-reported outcomes, 

such as the clinical course of MS, severity of common symptoms, disability level and disease 

Table 1.1. Summary of the demographic characteristics of the respondents of the  

2016 Lifestyle and Environment Survey 

Number of invited participants/Number of 

respondents 
3112/1518  

Age at the time of study, mean (SD) 55.7 (11.2) 

Female sex, n (%) 1204 (79.6) 

MS duration, mean (SD) 15.14 (8.8) 

Education attainment, n (%)  

      Secondary school or lower 356 (29.3) 

      Occupational certificate/Diploma 415 (34.2) 

      University degree and higher  443 (36.5) 
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progression. This survey is conducted annually with the primary goal of tracking patient-

reported outcomes in MS.  

 

         1.4.3. 2016 Economic Impact Baseline Survey 

This survey (Appendix 3) was used in the study discussed in Chapter 4 which measured the 

quality of life of the AMSLS participants. This survey also collected data about the prior and 

current employment status, education attainment, income and personal support of people with 

MS. The primary aim of this survey was to assess the burden of MS.   

 

Table 1.2. Summary of the demographic characteristics of the respondents of the  

2016 Medication and Disease Course Survey 

Number of invited participants/Number of 

respondents 
3098/1669 

Age at the time of study, mean (SD) 55.2 (11.4) 

Female sex, n (%) 1331 (78.3) 

MS duration, mean (SD) 14.6 (8.9) 

Education attainment, n (%)  

      Secondary school or lower 472 (28.2) 

      Occupational certificate/Diploma 577 (34.4) 

      University degree and higher  627 (37.4) 

Table 1.3. Summary of the demographic characteristics of the respondents of the  

2016 Economic Impact Baseline Survey 

Number of invited participants/Number of 

respondents 
3163/1577 

Age at the time of study, mean (SD) 53.4 (11.1) 

Female sex, n (%) 1238 (78.6) 

MS duration, mean (SD) 15.1 (9.0) 

Education attainment, n (%)  

      Secondary school or lower 540 (34.5) 

      Occupational certificate/Diploma 421 (27.0) 

      University degree and higher  601 (38.5) 
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1.5. Main objectives of this thesis 

Despite previous studies demonstrating that comorbidities are common and influence the 

outcomes in MS, much more work still needs to be done. At the time I started writing this 

thesis, there was no consensus nor any evidence-based guidelines published and only very few 

recommendations were available around managing comorbidities and MS. However, in 2018, 

the “Comorbidities in Multiple Sclerosis: A Clinical Resource Guide”, headed by Ruth Ann 

Marie with the assistance of the Consortium of Multiple Sclerosis Centres (CMSC), Nurse 

Practitioner Alternatives (NPA) and Catamount Medical Education (CME), was published 

which included studies and some recommendations for managing comorbidities in MS which 

has then become a great contribution to this thesis 57.  

With the above rationale in mind and the paucity of clinical recommendations for managing 

and/or preventing comorbidities in people with MS, the overarching aim of my PhD thesis was 

to conduct studies and to deliver novel information on comorbidities and MS that could 

strengthen the current recommendations or contribute to new recommendations for managing 

comorbidities in in the MS population. The specific objectives of my four studies included in 

this thesis were to: 

Chapter 3: Change and onset-type differences in the prevalence of comorbidities in people 

with multiple sclerosis 

a) Determine the change in prevalence of comorbidities between MS symptom onset and 

at the time of study (on average 20.5 years post-symptom onset) among the AMSLS 

participants 

b) Compare the prevalence of comorbidities at the time of study to the general Australian 

population, and  
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c) Examine whether the results differed by MS onset-type 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related 

quality of life of people with Multiple Sclerosis  

a) Examine associations between the number of comorbidities and health-related quality 

of life (HRQoL) 

b) Estimate the relative contribution of groups of comorbidities in predicting HRQoL, and 

c) Determine the magnitude of the effects of individual comorbidities on HRQoL 

Chapter 5: Comorbidities contribute substantially to the severity of common Multiple 

Sclerosis symptoms 

a) Examine the dose-response relationship between the number of comorbidities and 

severity of each symptom, and 

b) Assess the relative contribution of comorbidity groups and individual comorbidities to 

the severity of each symptom 

Chapter 6: Comorbidity patterns in people with Multiple Sclerosis: A latent class analysis of 

the Australian Multiple Sclerosis Longitudinal Study 

a) Determine whether clinically meaningful comorbidity patterns could be ascertained, 

and 

b) Examine associations between demographics and clinical characteristics and the 

identified comorbidity patterns in MS 

1.6. Outline of the thesis 

This thesis contains seven chapters. This first chapter has introduced the current state 

of MS research, a general concept of comorbidity, the central project used, the rationale and 
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objectives of this thesis. Chapter 2 gives a background on the key topics of MS and impacts 

of comorbidities and the different health outcomes. Meanwhile, Chapters 3 to Chapter 6 are 

written as stand-alone papers. Chapter 3 addresses the research questions for study 1, the 

changes in the prevalence of comorbidities and onset-type differences at critical points of the 

disease and the comparison with the general Australian population at the time of study. 

Chapters 4 and 5 address the research questions for study 2 and 3, the impact and relative 

contribution of comorbidities to the health-related quality of life (study 2) and symptoms 

severity (study 3) of people with MS, respectively. Additionally, the groups and individual 

comorbidities that have the greatest impact on the health outcomes were identified. Chapter 6 

addresses the research questions for study 4, the identification of patterns of comorbidities and 

the relationship sociodemographic characteristics and comorbidity clusters. Finally, Chapter 

7 presents the main findings and draws conclusions about the implications for clinical practice, 

people with MS and MS research and suggests future directions on comorbidity research in 

MS.  

1.7. Postscript 

 This chapter has provided the rationale and objectives of the thesis. This chapter also 

introduced us to the concept of comorbidity and summarised the structure of the thesis as well 

as the data platform used, which will aid in the understanding of the rest of the thesis. The next 

chapter will discuss a much deeper background of the key topics that highlights the research 

gaps in comorbidity research in MS.  
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Chapter 2  

Background on key topics of multiple sclerosis  

and comorbidities 
 

2.1. Preface 

This chapter covers the breadth of literature relevant to the understanding of the subsequent 

chapters in this thesis. It includes an overview of the disease Multiple Sclerosis (MS), including 

its aetiology, risk factors, diagnosis, treatment, clinical course, common symptoms and 

epidemiology. This is followed by a section on the importance of comorbidities and the factors 

that are associated with the coexistence or the risk of developing new or worsening of 

comorbidities in MS. Lastly, I have also provided an overview of the current research of 

comorbidities, including their prevalence and impacts on various health outcomes and the 

current status of managing and/or preventing comorbidities in people with MS. Large parts of 

this section was included and published in the two guidance documents – one for people with 

MS, Adapting Your Lifestyle: A Guide for People with MS (Appendix 7.A), and one for health 

professionals, Modifiable Lifestyle Factors And MS: A Guide for Health Professionals 

(Appendix 7.B) – published by the MS Research Australia in August 2020. I was an author of 

the sections on “Other medical conditions (comorbidities)”.  

2.2. General information on Multiple Sclerosis 

MS is a chronic, demyelinating, immune-mediated and neurodegenerative disease of the central 

nervous system. It is recognised as a heterogenous and multifactorial condition that is caused 

by complex gene-environment interactions 14. The pathological hallmark of MS is the 

accumulation of demyelinating lesions (plaques) that typically develop at varying times and 
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locations in the brain and spinal cord (i.e. MS is known to be disseminated in time and space) 

1, 14. MS is approximately three times more common in females than males. It typically affects 

young adults with an age of onset between 20 and 40 years, and peak onset at around 30 years 

of age although approximately 10% of people with MS experienced their initial demyelinating 

event before the age of 18 years 1, 14.  

2.2.1. The aetiology of MS 

Well established lifestyle and environmental risk factors of MS include Epstein-Barr Virus 

(EBV) exposure in adolescence and early adulthood (odds ratio (OR) ~3.6), vitamin D 

deficiency (OR ~1.4), tobacco exposure through active (OR ~1.6) or passive smoking (OR 

~1.3) and obesity during adolescence (OR ~2.0) 22. Other less established or possible risk 

factors are also listed in Table 2.1.  

  Table 2.1. Lifestyle and environmental risk factors for MS 

Table reproduced from Olsson et al. (2017) 22. 

Factor OR 
HLA gene 

interaction 

Combined 

OR 

(nongenetic 

factor + 

HLA allele) 

Effect 

during 

adolescence 

Immune 

system 

implied 

Level 

of 

eviden

ce 

Smoking ~1.6 Yes 14 No Yes +++ 

EBV infection 

(seropositivity) 

~3.6 Yes ~15 Yes Yes +++ 

Vitamin D level (<50nM) ~1.4 No NA Probably Yes +++ 

Adolescent obesity 

(BMI>27 at age 20 years 

~2 Yes ~15 Yes Yes +++ 

CMV infection 

(seropositivity) 

0.7 No NA Unknown Yes ++ 

Night work ~1.7 No NA Yes Yes ++ 

Low sun exposure ~2 No NA Probably Yes ++ 

Infectious mononucleosis ~2 Yes 7 Yes Yes ++ 

Passive smoking ~1.3 Yes 6 No Yes + 

Organic solvent exposure ~1.5 Unknown Unknown Unknown Unknown + 

Oral tobacco/nicotine 0.5 No NA Unknown Yes + 

Alcohol ~0.6 No NA Unknown Yes + 

Coffee ~0.7 No NA Unknown Yes + 
 

Level of evidence for a role of a particular lifestyle or environment factors in MS is not easy to define. Large prospective studies are, with few 
exceptions, rare in MS. CMV, cytomegalovirus; EBV, Epstein-Barr virus; HLA, human leukocyte antigen; MS, multiple sclerosis; NA, not 

applicable; OR, odds ratio; +++, high level of evidence: drawn from a large prospective studies or if a case-control observation is supported by 

Mendelian randomization studies; ++, case-control observations, if replicated and/or supported by independent methods; +, non-replicated 
observations (included to enable further observations). 
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In studies on the genetic risk factors,  white people are typically at a higher risk for MS than 

Asians or Africans, even when living in the same environment 1. The prevalence of MS in 

families increases with the percentage of genetic sharing 23. Susceptibility to MS is considered 

polygenic, with each gene associated with a small increase to the overall risk. In particular, the 

genes in the human leukocyte antigen (HLA) complex are considered the strongest genetic risk 

factors for MS 22. Among these, the relevant gene regions that express the highest risk in MS 

are the HLA class I and HLA class II. HLA class I genes present antigens to CD8+ lymphocytes 

and the variant HLA-A*02 has a protective effect on MS (OR ~0.6) 22. Conversely, HLA class 

II genes present antigens to CD4+ lymphocytes and this region is associated with an increased 

MS risk (OR ~3.0) 22. Genome-wide association studies (GWAS) have now identified over 230 

other MS susceptibility variants, each of which contributing a small effect on MS risk 24, 25.  

Few studies have shown that some of the genetic polymorphisms, particularly of the HLA 

genes, might interact with the well-established environmental and lifestyle risk factors. For 

example, a significant interaction was observed between those who either had prior EBV 

infection, were smokers or those with adolescent obesity and the two genetic risk factors (i.e. 

presence of HLA-DRB1*15:01 allele and absence of HLA-A*02 allele). Compared to those 

with none of these lifestyle factors and neither of these two genetic risk factors, those who were 

carriers of both alleles and had prior EBV infection (OR = 16.0) 26, were smokers (OR = 13.5) 

27, or had adolescent obesity (OR =16.2) 28 had higher risk of having MS. Further, in an incident 

case-control study involving 282 participants with first clinical diagnosis of demyelination and 

558 controls, the joint effects of the genetic risk factor HLA-DR15 and lifestyle factors such as 

smoking, low circulating vitamin D and low cumulative sun exposure together explained 63.8% 

of the variation in the first clinical diagnosis of demyelination onset 29. In addition, compared 

to those without any of these risk factors, those with an additional risk factor had increased 

odds of having the disease (i.e. one risk factor OR = 2.12 (95% CI: 1.11-4.03); two risk factors 
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OR = 4.31 (95% CI: 2.24-8.31); three risk factors OR = 7.96 (95% CI: 3.84-16.49); four or five 

risk factors OR = 21.24 (95% CI: 5.48-82.40) 29.  

2.2.2. The diagnosis of MS 

There is no single diagnostic test available for MS. The basis of the diagnostic criteria primarily 

requires the occurrence of two or more episodes of symptoms and two or more clinically 

distinct episodes of central nervous system dysfunction 1, 14. The symptoms should last for more 

than 24 hours and must occur as distinct episodes that are separated by at least one month. The 

Schumacher criteria in 1965 served as the foundation and the core clinical criteria of diagnosing 

MS (i.e. MS lesions disseminated in time and space) 30. Although the diagnosis can be made 

based on this diagnostic criteria, the advent of magnetic resonance imaging (MRI) assists not 

only in providing the evidence for dissemination in time and space but also assists in excluding 

other neurological conditions 31. Other laboratory diagnostic tests like evoked potentials (EP) 

testing and cerebrospinal fluid (CSF) findings are also used 14. To date, the most commonly 

used diagnosis criteria for people with MS is the International Panel on MS Diagnostic Criteria 

(also known as McDonald Criteria) which combines clinical characteristics and MRI findings 

32. This criteria have undergone a number of revisions (the latest revision is the 2017 revisions 

of the McDonald Criteria) over the years and have become simpler and more accessible in the 

clinical settings while maintaining its specificity and sensitivity  32-35. 

2.2.3. Disease modifying therapies for MS 

At present, several disease modifying therapies (DMT), with demonstrated efficacy, are 

approved by the Therapeutic Goods Agency (TGA) and most are listed in the Pharmaceutical 

Benefits Scheme (PBS) Australia for people with MS (Table 2.2) 31. Daclizumab (Zinbryta®) 

was approved as a treatment of relapsing MS, however, it was withdrawn worldwide in 2018 
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due to inflammatory encephalitis and meningoencephalitis 31, 36. The DMTs differ in safety and 

efficacy, but mainly reduce disease activity and frequency or severity of relapses. Clinicians 

are encouraged to follow recommendations from published practice guidelines in making 

decisions on initiating, switching or stopping any types of therapies used for MS 37, 38.  

Table 2.2. Disease Modifying Therapies for people with Multiple Sclerosis (approved by TGA in 

Australia) 

Route: Self-injected 

Drug name Brand name/s Indication39 

TGA 

Approval 

date40 

PBS Listing 

date  

Interferon beta-1b 

 

 

Betaferon® 

 

 

Ambulatory patients with relapsing 

forms of MS including CIS, RRMS 

and SPMS 

August 2002 November 

1996 

Extavia® Ambulatory patients with relapsing 

forms of MS including CIS, RRMS 

and SPMS 

November 

2009 

N/A 

Interferon beta-1a 

 

Avonex® Relapsing forms of MS and for 

patients who have experienced a 

single demyelinating event and are 

at risk of developing clinically 

definite MS based on the presence 

of brain MRI abnormalities 

characteristic of MS. 

August 2001 February 

1999 

Interferon beta-1a 

 

 

Rebif® Single clinical event indicating high 

risk of MS & RRMS and should not 

be initiated in SPMS patients who 

no longer experience relapses. 

January 

2000 

May 2000 

Glatiramer acetate 

 

 

Copaxone® 

 

Single clinical event indicating high 

risk of MS & RRMS 

December 

2003 

May 2004 

 

Note: 20 

mg/ml 

(deleted from 

the PBS from 

01 July 2019) 

Peginterferon beta-1a 

 

Plegridy® Same as above November 

2014 

March 2015 

Route: Oral 

Fingolimod 

(also known as 

FTY720) 

 

 

Gilenya® Relapsing forms of MS in people 

10 years old and over 

February 

2011 

0.5 mg: 

September 

2011 

 

250 mcg:  
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November 

2019 

Teriflunomide 

 

Aubagio® Relapsing forms of MS November 

2012 

December 

2013 

Dimethyl fumarate Tecfidera® Same as above July 2013 December 

2013 

Cladribine 

 

 

Mavenclad® For RRMS and active SPMS September 

2010 

January 2019 

Fampridine Fampyra® Symptomatic improvement of 

walking ability in adult people with 

MS who have shown improvement 

after 8 weeks of treatment 

May 2011 N/A 

Siponimod Mayzent® For people with SPMS November 

2019 

N/A 

Ozanimod Zeposia® Relapsing forms of MS July 2020 Pending 

Route: Intravenous 

Natalizumab 

 

Tysabri® Relapsing forms of MS November 

2006 

July 2008 

 

From 

November 

2019: 

including 

paediatric 

patients with 

RRMS 

Alemtuzumab 

 

Lemtrada® Relapsing forms of MS – 

particularly for people with MS 

with poor response to two or more 

other MS disease modifying 

therapies 

December 

2013 

April 2015 

Ocrelizumab 

 

Ocrevus® Relapsing or primary progressive 

forms of MS 

July 2017 February 

2018 (for 

RRMS only) 
 

Abbreviations: TGA: Therapeutic Goods Administration; PBS: Pharmaceutical Benefits Scheme; MS: Multiple Sclerosis; 

CIS: Clinically Isolated Syndrome; RRMS: Relapsing-Remitting MS; SPMS: Secondary-Progressive MS; PRMS: Primary-

Progressive MS; PPMS: Primary-Progressive MS; N/A: Not Applicable. 

 

2.2.4. Clinical course of MS 

MS is characterized by episodes with full recovery, episodes with incomplete recovery and 

chronic progression. However, these episodes do not follow an orderly sequence, but a complex 

interplay between repeated relapses and onset of progression. A relapse (i.e. exacerbations, 

attacks, bout and episodes) is defined as the first occurrence, recurrence or worsening of 

symptoms such as increased neurologic dysfunction, loss of sensory or motor function and a 
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period of stability followed by a partial or complete recovery that lasts for > 24 hours while 

progression is the term used to described a worsening of neurological disability that is 

permanent and irreversible 33, 41. Relapses may overlay with progression, a relapsing-onset may 

not necessarily convert to a progressive phase or a progressive phase may occur directly at 

disease onset 42. Given these changing courses and to have standardized terminology, a unified 

categorization was published in 1996 that classified MS into four phenotypes, namely: 

relapsing-remitting, secondary-progressive, primary-progressive and progressive-relapsing 

MS (Figure 2.1) 43.  

 

 

 

 

 

 

 

 

 

Figure 2.1. The Multiple Sclerosis onset-type and phenotype descriptions 
Figure reproduced from Lublin and Reingold (1996) 43. 

 

The advent of MRI and other fluid biomarkers that can reliably predict MS disease course have 

led to a new characterization that considers the disease activity (active or inactive based on 

MRI measures and relapses) and progression (with or without progression). It has added 

clinically isolated syndrome as a new phenotype and removed progressive relapsing MS (now 

categorised as primary-progressive MS) due to overlapping with disease course descriptions 44. 

Hence, the new clinical subtypes include clinically isolated syndrome,
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relapsing-remitting MS (active or inactive, and worsening or stable), secondary-progressive 

MS (active or inactive, and with progression or without progression) and primary-progressive 

MS (active or inactive, and with progression or without progression). 

2.2.4.1. Clinically isolated syndrome 

Clinically isolated syndrome (CIS) is the first clinical episode of the disease that shows 

inflammatory demyelination and is suggestive of MS, but has yet to complete the criteria to be 

considered as definite MS 45, 46. CIS is a straightforward syndrome commonly recognized as 

having optic neuritis, brainstem or cerebellar dysfunction or partial myelitis that resolves over 

time. It usually occurs in young adults and affects the optic nerves, brainstem and the spinal 

cord 47.  

2.2.4.2. Relapsing-remitting MS 

Relapsing-remitting MS (RRMS) is the most common clinical type of MS and accounts for 85% 

to 90% of MS cases 1, 48. It is presented as having inflammatory attacks on the myelin and nerve 

fibres themselves 48. This clinical type is characterized by having at least two clearly defined 

relapses with full recovery or sequelae (remissions), by having new or increasing neurologic 

symptoms and showing more brain lesions (i.e. plaques or scars) on MRI scans 33, 48.  People 

with RRMS are mostly diagnosed earlier (usually between 20 and 30 years) than those with 

progressive onset type and tend to have symptoms such as fatigue, problems with 

cognition,  numbness, spasticity, vision, bowel and bladder problems 49. 

2.2.4.3. Secondary progressive MS 

Secondary-progressive MS (SPMS) is characterized by an initial relapsing-remitting course 

then a period where relapses become absent or occasional followed by a steady and gradual 

progression with or without occasional relapses 50. The main feature is that people with SPMS 

may or may not continue to experience relapses and that the disease slowly shifts to a 

progressive phase characterized by irreversible nerve damage or loss 49. Currently, there is no 
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clear-cut consensus or clinical criteria that accurately determines the transition from RRMS to 

SPMS and the diagnosis of SPMS is usually done retrospectively 46.  

2.2.4.4. Primary progressive MS 

Primary-progressive MS (PPMS) makes up the 10% to 15% of the whole MS population and 

is characterized by a progressive myelopathy or cerebellar/brainstem syndrome, gradual 

worsening of neurological symptoms and subsequent disability accumulation from disease 

onset 51-53. Pathological findings show that PPMS has a less obvious inflammatory profile (i.e. 

number, extension and characteristics of demyelinating plaques both in the brain and spinal 

cord), fewer brain lesions and more spinal cord lesions compared with RRMS or SPMS 54. This 

makes PPMS challenging to diagnose and treat. This MS course tends to begin later in life and 

the median age at onset is between 30 to 40 years 54, 55. The male to female ratio is around 1 

while the ratio is >2 for those with RRMS 56. Currently, Ocrevus® (ocrelizumab) is the only 

viable treatment option available for people with PPMS that is approved by both the US Food 

and Drug Administration (FDA) and European Medicines Agency (EMA) 57. 

For this thesis and based on the MS-onset type, MS has been reclassified as Relapse-onset MS 

(composed of RRMS and SPMS) and Progressive-onset MS (composed of PPMS and PRMS). 

2.2.5. Common symptoms of MS 

MS is known as an unpredictable disease and so are the signs and symptoms of the disease. 

MS symptoms are said to be the primary cause of death in over 50% of people with MS 14. 

Although the signs and symptoms of MS are highly variable and often difficult to assess, it has 

been noted that they are commonly produced by the areas in the central nervous system with a 

dense concentration of myelinated fibres, particularly the optic nerves, cervical portion of the 

spinal cord and brainstem 42. Figure 2.2 describes the symptoms measured in this thesis and 

most frequently reported by people with MS.  
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Figure 2.2. The most common symptoms of MS 
Illustration reproduced from: https://images.app.goo.gl/v9RuxHyBVQbd3rQq8 

 

Cognitive dysfunction – experienced by 40% to 70% of people with MS and is 

considered a more severe symptom in people with PPMS than with RRMS 10. Some 
cognitive deficits included impaired conceptual reasoning and verbal fluency, disturbed 

language and failing memory. Cognitive dysfunction is heightened by psychiatric 

symptoms (i.e. depression and anxiety), fatigue, spasticity, pain, bladder dysfunction 
and disruptions in sleep 5. 

Bladder dysfunction – can affect 

50% to 90% and has a negative impact 

on the quality of life of people with MS 

especially of women with coexistent 
stress incontinence 1. Loss of bladder 

control is considered as one of the most 

distressing symptoms of MS. In people 
with MS, the bladder symptoms are 

hypothesized to arise from the spinal 

cord pathology that interrupts the 
connection between the pontine and 
sacral micturition centres 10.   

Bowel dysfunction –very common in 

MS and approximately two-thirds of 
people with MS are affected 10. 

Constipation, defined as the condition with 

less than two bowel movements each 
week, was reported by 43% of people with 

MS 13. The pathophysiology of bowel 

dysfunction in people with MS is not 
completely understood, however, the brain 

and spinal cord involvement were 

considered due to the interruption of either 
or both the afferent and efferent pathways 
that controls the bowel movement 16, 17. 

Sexual dysfunction – the 

psychological effect of having a 
chronic disease may affect the libido 

and reduced the potency in both males 
and females with MS 7. 

Psychiatric symptoms (e.g. depression 

and anxiety) –very common in people with MS 

compared to the general population and those with 
other chronic conditions 4. Depression is described 

as having abnormal levels of negative emotions 

and very low levels of positive emotions 8, 9. 
Anxiety is illustrated as having high levels of 

negative emotions but without positive emotion 

perturbations 8, 9. Clinically significant depression 
occurs in approximately 20% to 40% of people 

with MS 11, 12, whereas the prevalence of anxiety 
ranged from 1.3% to 36.0% in people with MS 19. 

Difficulty with balance and walking – 

considered as one of the most common mobility 
limitations in people with MS and typically results in 

swaying type of gait commonly termed as ataxia.  It is 

characterized by sudden attacks in onset and loss or 
diminished coordination of one or more limbs, trunk or 

gait that leads to disability 10. People with MS often 

experience a combination of two types of ataxia: 
cerebellar (results to rate, rhythm and direction of 

movement abnormalities) and sensory (leads to a 
sensitivity to a position of a body part) 2, 21.  

Spasticity –experienced by more 

than 30% of people with MS and is 

considered as the sequela from partial 
myelitis 5. This symptom is considered 

as a first sign of a systemic infection 

and is typically experienced as muscle 
tightness, cramping or muscle spasms 

which is usually most challenging 

during the night and on rising in the 
morning 5. 

Sensory symptoms – these are common at 

the disease onset or in early relapse. The 
common pattern for abnormal sensations was 

experiencing paraesthesia (i.e. tingling or 

prickling sensations) and hypesthesia (i.e. 
numbness) on one foot and after a few days, 

spreading and involving both extremities, 

buttocks and perineum which also indicates that 
the spinal cord was the origin of disturbance 2. 

The loss of sensation, particularly in the 

perineum, will consequently affect the normal 
sensations of micturition and defaecation as well 
as diminished or loss of genital sensations 2.   

Visual problems – can be caused by optic 

nerves dysfunction or disorders of eye 
movement. If the optic nerves are affected, 

people with MS usually experience optic 

neuritis which is characterized by diminished 
visual acuity, colour perception and dimness 
1. Visual blurring, on the other hand, may 

result from optic neuritis or diplopia (double 
vision) 1. Nystagmus, which is one of the 

classical signs of MS, particularly the 

symmetrical horizontal gaze type of 
nystagmus, often seen in people with MS and 
hypothesized to be of cerebellar origin 13. 

Pain – one of the most common early 

symptoms and affects more than 50% of 

people with MS 6. Pain was described as 
either neurogenic (e.g. trigeminal neuralgia, 

Lhermitte’s phenomenon, painful tonic 

spasms, and radicular pain) or 
nonneurogenic (e.g. paralysis, 
immobilization, or spasticity)20.   

Fatigue – is defined as the 

overwhelming exhaustion, low or lack 

of energy or extreme tiredness which 
can be present in the early stages of the 

disease or even persist throughout the 

disease course 3. This symptom is 
usually experienced by 53% to 90% of 

people with MS and the most common 

reason for work-related disability in 
MS 15. MS-related fatigue is known to 

influence the physical, cognitive and 
psychosocial aspects of the disease 3, 18. 
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2.2.6. Regional and global distribution of MS 

2.2.6.1. MS in Australia 

The first study on the geographical distribution of MS in Australia was published in 1968 

reporting that the age-standardized prevalence of MS were 34/100,000 population in Hobart, 

Tasmania (TAS), 19/100,000 population in Perth, Western Australia (WA) and 18/100,000 

population in Newcastle, New South Wales (NSW) 58. These prevalences have substantially 

increased over the years 58-63 and in 2010, 21,283 Australians were estimated to have MS and 

the prevalence of MS was 95.6 per 100,000 population. The highest prevalence was found in 

Tasmania, the southernmost region, compared to other northern regions of Australia 64. In 2017, 

the total number of people with MS increased to 25,607 and the prevalence increased to 103.7 

per 100,000 population (Figure 2.3) 65. Tasmania (TAS) still had the highest age-adjusted 

prevalence per 100,000 population (138.7 (95%CI: 137.2-140.1)) 65. 

 

 

 

Figure 2.3. The 2017 estimated 

prevalence (P) per 100,000 

population and the total number (T) 

of people with MS in the different 

regions in Australia 
Figure reproduced from 

https://www.msaustralia.org.au/publications/media-

facts-and-figures-about-ms) 66. 
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Meanwhile, fewer studies have been conducted to estimate the incidence of MS in Australia. 

For instance, the age-standardised incidence rate between 1950 and 1959 for Perth, Newcastle 

and Hobart are 1.2/100,000, 1.2/100,000 and 2.2/100,000, respectively. In 1971 to 1981, the 

incidence rates both increased for Newcastle (2.1/100,000) and Hobart (3.5/100,000) increased 

but the rate in Perth (1.3/100,000) remained pretty much the same 67. In a more recent study in 

Newcastle, Australia, the MS incidence estimate between 1971 and 1981 was 2.14 (1.55-3.37) 

that increased to 2.44 (1.68-3.47) between 1986 and 1996. In 2001 to 2011, the age-

standardized incidence of MS dramatically increased to 6.70 (5.39-8.01) 68. In greater Hobart, 

between 2001 and 2009, the crude incidence of PwMS was 3.7/100,000 which is nearly double 

the incidence calculated between 1951 and 1961 (2.2./100,000) 69.  

2.2.6.2. MS in the rest of the world 

The reported prevalence of MS varies geographically 70-74 and prior studies have shown the 

strong association between increasing prevalence in MS and the distance from the equator 75-

77. The Multiple Sclerosis International Federation (MSIF) published the Atlas of MS which, 

to date, is the most comprehensive compilation of MS resources globally 78, 79. The report 

showed that the total number of people with MS worldwide is approximately 2.8 million as of 

2020 (Figure 2.4) 79. 
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Figure 2.4. The Global prevalence of Multiple Sclerosis (2020) 
Figure reproduced from the MS Federation’s Atlas of MS (2020) 79. 

2.3. The importance of comorbidity research in MS 

Comorbidities are common in people with chronic conditions and their frequency often 

increases with advancing age 80. Although commonly diagnosed in young adults, MS is 

considered as a progressively disabling disease and has life-long health consequences. People 

with MS are likely to be affected by various comorbidities. Conducting comorbidity research 

in MS is important for the following reasons: 

• There is increasing evidence that comorbidities explain part of heterogeneity in health 

outcomes of people with MS 81. Comorbidities are of clinical importance in the 

aetiology, diagnosis, management and/or treatment decisions of MS. Therefore, 

studying comorbidities in people with MS could assist with providing insights into the 

aetiology and pathophysiology of MS, improving the prognosis of the disease, and 

creating a more individualised disease management plan for people with MS.  

• Comorbidities provide challenges for the traditional delivery of care in people with MS 

that is configured primarily for addressing single medical conditions and has limited 

collaboration between healthcare professionals 82. To achieve optimal health outcomes, 

people with MS with comorbidities might require a tailored approach and a 

coordination of care between healthcare professionals and MS community.  While there 

are clinical guidance documents available for MS, these often do not include 

comorbidity management. Currently, there is only one guidance document available to 

manage comorbidities in MS83 and thus more information is needed on comorbidity 

management in people with MS. 
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2.4. Factors associated with the coexistence or the risk of developing new or 

worsening of comorbidities in MS 

There are several reasons people with MS might have coexistent or greater risk of developing 

new or worsening of comorbidities and MS. First, MS and some comorbidities may share many 

common risk factors. Similar to MS, the prevalence of psoriasis, an immune-mediated skin 

disorder, appears to increase with increasing distance from the equator 84. Modifiable lifestyle 

and environmental factors such as smoking, obesity, lack of physical activity, alcohol intake 

and poor diet are all risk factors of MS and several common comorbidities such as 

hypertension, diabetes mellitus, chronic lung disease and ischemic heart diseases 85. Second, 

the biological mechanisms associated with a comorbidity may predispose to MS. For instance, 

the immunological and inflammatory changes in the brain as well as the structural brain 

abnormalities as showed by brain atrophy and lesions in imaging studies were associated with 

both depression and MS 19. Third, a comorbidity and MS may also have overlapping 

pathogenesis. For example, psoriasis and MS are both considered as autoimmune T cell-

mediated diseases and a previous study showed that psoriasis may develop in people with MS 

and MS may develop during treatment of psoriasis 86. It is also well known that fumarates, a 

disease modifying therapy, are effective treatments for psoriasis and MS further suggesting a 

common pathogenesis between the two diseases 87. Fourth, having MS may result to changes 

in lifestyle behaviours and eventually increase the risk of developing new or worsening of 

existing comorbidities. A meta-analysis determined that the physical activity levels of people 

with MS are on average one standard deviation lower than the general population 88, which 

may contribute to developing secondary conditions in people with MS such as dyslipidaemias 

or other vascular comorbidities 89 and osteoporosis 90. Lastly, the use of DMTs or other 

symptomatic therapies in people with MS may be associated with an increased risk of 
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developing comorbidities or worsening of existing comorbidities. Some of the following 

associations have been identified: 

• For interferon-β:  

o One study showed that in people with MS, being treated with interferon-β 

worsened headache in more than 50%  of people with MS with pre-existing 

headache or could trigger new headache in about 70% of people with MS who did 

not have headache being commencing interferon-β 91. 

o Some people developed liver dysfunction 92, myasthenia gravis 93, panniculitis 94, 

psoriasis 95, thyroid dysfunction 96, ulcerative colitis 97 and vasculitis 98 after using 

with interferon-β. 

• For fingolimod: 

o Fingolimod has been shown to slow the heart rate and atrioventricular conduction 

block at the time of a first dose, and causes a mild increase in blood pressure during 

long-term treatment 99. This may increase the risk of a vascular comorbidity. 

o Having MS and diabetes has been shown to increase the risk of fingolimod-

associated macular oedema, which resolved when the drug was discontinued 100.  

• For alemtuzumab: 

o One in 100 people with relapsing-remitting MS in a  phase-2 randomized, blinded 

trial who were given an annual intravenous cycle of alemtuzumab (at a dose of 

either 12 mg or 24 mg per day) for 36 months developed immune 

thrombocytopenic purpura 101.  

o Another randomized, rater-masked, phase 3 trial involving people with relapse-

onset MS noted more infections after alemtuzumab than interferon-β 1a, notably 

cutaneous herpes infections. Additionally, one of the 526 people with MS included 

in the study developed thyroid papillary carcinomas 102.  
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• For natalizumab: 

o Case reports of melanoma, primary CNS lymphoma and peripheral T-cell 

lymphoma have been reported in people with MS treated with natalizumab 103-105. 

• For glatiramer acetate: 

o The effect of glatiramer acetate in various autoimmune comorbidities in MS had 

been studied in animal models and it was found that this drug altered the clinical 

course of type 1 diabetes and exacerbated rheumatoid arthritis although no effect 

was found for animal models of systemic lupus erythematosus 106. 

2.5. Prevalence of comorbidities in people with MS 

2.5.1. Before or at MS symptom onset or MS diagnosis 

Table 2.3 provides a summary of the key studies that have estimated the prevalence of 

comorbidities in people with MS before, at MS symptom onset or at MS diagnosis. Recently, a 

term called  prodromal period has been introduced, defined as the months or years before the 

current, classic understanding of “MS symptom onset” 107, 108. During this period, the healthcare 

use, particularly related to nervous system disorders, sensory organs, musculoskeletal disorders, 

skin-related disorders, genito-urinary disorders and psychiatric disorders among people with MS 

was shown to be substantially higher compared to people without MS during the same period of 

time 109, 110. In other studies the prevalence of obesity 111, autoimmune diseases, migraine 112, 

asthma 113, allergy 114, cerebrovascular disorders  115, uveitis, inflammatory bowel disease, Bell’s 

palsy 116, anaemia 117, hypertension, hyperlipidaemia, diabetes, psychiatric and mood disorders, 
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chronic lung disease, fibromyalgia and ischemic heart disease 118 were already more common before MS symptom onset or at MS diagnosis in 

people with MS compared to controls. The prevalences of vision problems and autoimmune disorders 119 allergies 112, 120, 121, psoriasis, diabetes 

mellitus, rheumatoid arthritis, asthma, thyroid disorders and systemic lupus erythematosus 116 in people with MS were not significantly different 

from the general population or matched controls before or at MS symptom onset or MS diagnosis. 

 

Table 2.3. Key studies estimating the prevalence of comorbidities in people with MS before or at MS symptom onset or MS diagnosis 

Author (Year) 
Research 

design 
Participants Main Findings 

Wijnands et al. 

(2018) 109 

Cohort 

study 

Health 

administrative 

cohort (HAC): 

13,951 MS 

cases/66,940 

controls 

Clinical cohort 

(CC): 3,202 

MS 

cases/16,006 

controls 

From five years leading up to the first demyelinating event or MS symptom 

onset: 

1. Any mood or anxiety disorder: HAC = 23.8% /15.4%, p <0.001 | CC = 

18.5%/15.1%, p <0.001 

2. Schizophrenia: HAC = 0.5%/0.6%, p = 0.385* | CC = Not reported 

3. Hypertension: HAC = 14.3%/12.9%, p <0.001 | CC = 6.1%/6.3%, p = 

0.741* 

4. Hyperlipidaemia: HAC = 5.8%/5.7%, p = 0.590* | CC = 2.6%/3.0%, p = 

0.346 

5. Diabetes mellitus: HAC = 4.8%/4.9%, p = 0.719* | CC = 2.0%/2.4%, p 

=0.257* 

6. Ischemic heart disease: HAC = 3.6%/3.0%, p = 0.005 | CC = 1.4%/1.5%, p 

= 0.711* 

7. Epilepsy: HAC = 1.4%/0.6%, p <0.001| CC = 0.7%/0.5% = p = 0.507* 

8. Migraine: HAC = 7.8%/4.3%, p <0.001| CC = 7.8%/5.0%, p <0.001 

9. Inflammatory bowel disease: HAC = 0.7%/0/5%, p = 0.078* | CC = 

1.15%/0.9%, p = 0.668 
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10. Thyroid disorders: HAC = 7.7%/6.7%, p = 0.009 | CC = 4.5%/3.7%, p = 

0.360* 

11. Psoriasis: HAC = 1.1%/0.9%, p = 0.209* | CC = Not reported 

12. Fibromyalgia: HAC = 4.5%/1.4%, p <0.001 | CC = 2.1%/1.6%, p = 0.205* 

13. Irritable bowel syndrome: HAC = 3.7%/1.9%, p < 0.001 | CC = 2/1%/1.7%,  

p = 0.168* 

14. Chronic lung disease: HAC = 8.6%/7.5%, p = 0.001 | CC = 6.0%/6.9%,  

p =0.111* 

Disanto et al. 

(2018) 110 

Nested 

case-

control 

study 

10,204 people 

with MS; 

39,448 

matched 

controls 

Five to ten years before MS onset: 

1. Gastric symptoms: OR = 1.52 (95% CI:1.19-1.95) 

2. Intestinal symptoms: OR = 1.41 (95% CI: 1.22-1.63) 

3. Urinary dysfunction: OR = 1.64 (95% CI: 1.36-1.98) 

4. Anxiety: OR = 1.19 (95% CI: 1.02-1.39) 

5. Depression: OR = 1.26 (95% CI: 1.07-1.47) 

Hadstrom et al. 

(2015) 111 

Case 

control 

study 

1,586 MS 

cases; 2,800 

controls 

Before MS onset: 

1. Obesity (BMI = >27 kg/m2): OR = 2.0 (95% CI: 1.5-2.7) 

Zorzon et al. 

(2003) 112 

Case 

control 

study 

140 MS cases; 

131 controls 

Before MS onset: 

1. Allergy: OR = 0.6 (95% CI: 0.5-2.1)* 

2. Autoimmune diseases: OR = 10.8 (95% CI: 2.5-46.8) 

3. Migraine: OR = 20.4 (95% CI: 2.7-154.4) 

Ponsonby et al. 

(2006) 113 

Population-

based case-

control 

study  

136 people 

with MS; 272 

matched 

controls 

Before MS onset: 

1. Asthma: OR = 1.97 (95% CI: 1.10-3.51) 

Ghadirian et al. 

(2001) 119 

Case-

control 

study 

200 people 

with MS; 202 

matched 

controls 

Before MS onset: 

1.Vision problems: OR = 1.4 (95% CI: 0.4-5.2)* 

2. Autoimmune diseases: OR = 3.8 (95% CI: 0.4-34.4)* 
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Alonso et al. 

(2006) 120 

Case-

control 

study 

163 incident 

MS; 1,523 

controls 

Three years before MS onset: 

1. Allergy: ORadj = 1.2 (95% CI: 0.8-1.8)*  

Alonso et al. 

(2007) 121 

Nested 

case-

control 

study 

294 MS cases; 

1,248 controls 

Before MS: 

1. Allergy: OR = 1.0 (95% CI: 0.8-1.4)* 

Mansouri et al. 

(2014) 114 

Case-

control 

study 

1,217 MS 

cases; 787 

controls 

Before MS onset: 

1. Allergy: OR = 1.92 (95% CI: 1.55-2.47)  

Marrie et al. 

(2016) 118 

Cohort 

study 

23,382 

incident MS; 

116,638 

matched 

controls 

Five years before the first demyelinating event: 

1. Hypertension: RR = 1.27 (95% CI: 1.20-1.34) 

2. Diabetes: RR = 1.17 (95% CI: 1.06-1.28) 

3. Ischemic heart disease: RR = 1.22 (95% CI: 1.11-1.33) 

4. Fibromyalgia: RR = 2.34 (95% CI: 1.84-2.98) 

5. Inflammatory bowel disease: RR = 1.63 (95% CI:1.21-2.20) 

6. Chronic lung disease: RR 1.10 (95% CI: 1.04-1.16) 

7. Epilepsy: RR = 1.91 (95% CI: 1.61-2.26) 

8. Depression: RR = 1.57 (95% CI: 1.48-1.66) 

9. Anxiety: RR = 1.39 (95% CI: 1.29-1.49) 

10. Bipolar disorder: RR = 1.82 (95% CI:1.60-2.08) 

11. Schizophrenia: RR = 1.57 (95% CI: 1.27-1.95) 

12. Hyperlipidaemia: RR = 1.12 (95% CI: 1.03-1.21) 

 

At MS diagnosis: 

1. Hypertension: RR = 1.17 (95% CI: 1.13-1.21) 

2. Diabetes: RR = 1.17 (95% CI: 1.10-1.24) 

3. Ischemic heart disease: RR = 1.30 (95% CI: 1.23-1.37) 

4. Fibromyalgia: RR = 2.87 (95% CI: 2.49-3.30) 

5. Inflammatory bowel disease: RR = 1.68 (95% CI:1.38-2.04) 

6. Chronic lung disease: RR 1.34 (95% CI: 1.29-1.39) 
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7. Epilepsy: RR = 2.18 (95% CI: 1.95-2.43) 

8. Depression: RR = 2.04 (95% CI: 1.97-2.10) 

9. Anxiety: RR = 1.61 (95% CI: 1.54-1.68) 

10. Bipolar disorder: RR = 1.86 (95% CI:1.71-2.02) 

11. Schizophrenia: RR = 1.32 (95% CI: 1.15-1.52) 

12. Hyperlipidaemia: RR = 1.03 (95% CI: 0.98-1.08)* 

Thormann et al. 

(2016) 115 

Combined 

case-

control and 

cohort 

study 

8,947 MS 

cases; 44,735 

controls 

Before MS onset: 

1.    Cerebrovascular disorders: OR = 0.69 (95% CI: 0.48-0.99) 

2.    Cardiovascular disorders: OR = 0.87 (95% CI: 0.71-1.07)* 

From one year after MS onset: 

1.    Cerebrovascular disorders: OR = 1.84 (95% CI: 1.69-2.00) 

2.    Cardiovascular disorders: OR = 1.08 (95% CI: 1.02-1.15) 

 

Langer-Gould et 

al. (2010) 116 

Population-

based case-

control 

study  

5,296 people 

with MS; 

26,478 

controls 

Before MS diagnosis: 

1. Uveitis: ORadj= 3.2 (95% CI: 1.7-5.7) 

2. Inflammatory bowel disease:  ORadj = 2.7 (95%CI: 1.1-6.8) 

3. Bell’s palsy:  ORadj = 3.2 (95% CI: 1.2-8.3) 

4. Psoriasis: ORadj = 1.8 (95% CI: 0.9-3.6)* 

5. Diabetes mellitus: ORadj = 0.8 (95% CI: 0.3-2.4)* 

6. Rheumatoid arthritis: ORadj = 0.5 (95% CI: 0.1-2.0)* 

7. Hashimoto’s thyroiditis: ORadj = 5.0 (95% CI: 0.3-80.2)* 

8. Asthma: ORadj = 0.9 (95% CI: 0.7-1.2)* 

9. Atopic dermatitis/eczema: ORadj = 1.1 (95% CI: 0.7-1.7)* 

10. Grave’s disease: ORadj = 0.7 (95% CI: 0.2-2.9)* 

11. Systemic lupus erythematosus: ORadj = 1.3 (95% CI: 0.4-4.0)* 

Yusuf et al. 

(2020) 117 

Cohort 

study 

Health 

administrative 

cohort (HAC): 

6,863 MS 

cases; 31,865 

controls 

Five years before the first demyelinating event: 

1. Anaemia in the HAC: ORadj = 1.53 (95% CI: 1.32-1.78) 

Anaemia in the CC: ORadj = 0.87 (95% CI: 0.48-1.47)* 
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Clinical cohort 

(CC): 966 MS 

cases; 4,534 

controls 
(*) = not significant 

Abbreviations: HAC = Health Administrative Cohort; CC = Clinical Cohort; OR = odds ratio; ORadj = adjusted odds ratio; RR = risk ratio; BMI = body mass 

index 

 

2.5.2. After MS diagnosis  

Table 2.4 provides a summary of the key studies that estimated the prevalence of comorbidities after MS diagnosis. In brief, comorbidities such 

as ulcerative colitis, Chron’s disease, type 1 diabetes 122, psoriasis 84, 122, systemic lupus erythematosus, epilepsy, psychiatric and mood disorders 

123, cerebrovascular and cardiovascular disorders 124-127, vision problems 127 and thyroid disorders 128 were more common in people with MS 

compared to the general population or controls after MS diagnosis. Meanwhile, in one population-based cohort study, the frequency of occurrence 

of type 1 and type 2 diabetes, rheumatoid arthritis and hay fever were not significantly different between people with MS and the general population 

even after MS diagnosis 128. 

Table 2.4. Key studies estimating the prevalence of comorbidities in people with MS after MS diagnosis 

Author 

(Year) 

Research 

design 
Participants Main Findings 

Roshanisefat 

et al. (2012) 
122 

Population-

based cohort 

study  

20,276 people with 

MS; 203,951 controls 

1. Ulcerative colitis: HRadj = 1.81 (95% CI: 1.38-2.39) 

2. Chron’s disease: HRadj = 1.70 (95% CI: 1.23-2.34) 

3. Type 1 diabetes: HRadj = 1.45 (95% CI: 1.34-1.57) 

4. Psoriasis: HRadj = 2.27 (95% CI: 1.81-2.84) 
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5. Polyarteritis nodosa: HRadj = 6.18  

(95% CI: 2.89-13.23)  
6. Pemphigoid: HRadj = 13.5 (95% CI: 7.92-23.16) 

Kang et al. 

(2010) 124 

Population-

based 

controlled study 

898 people with MS; 

4,490 matched 

controls 

1. Systemic lupus erythematosus: OR = 26.9  

(95% CI: 10.3-70.3) 

2. Epilepsy: OR = 16.0 (95% CI: 9.5-27.1) 

3. Depression: OR = 6.9 (95% CI: 5.3-8.9) 

4. Peripheral vascular disorders: OR = 6.6  

(95% CI: 4.0-11.0) 

5. Deficiency anaemias: OR = 4.9 (95% CI: 2.8-8.7) 

6. Rheumatoid arthritis: OR = 4.8 (95% CI: 2.9-8.1) 

7. Fluid and electrolyte disorders: OR = 4.8  

(95% CI: 2.8-8.3) 

8. Migraine: OR = 4.5 (95% CI: 3.1-6.6) 

9. Dementia: OR = 4.2 (95% CI: 2.1-8.4) 

10. Psychoses: OR = 4.0 (95% CI: 2.9-5.6) 

11. Cerebrovascular disease: OR = 3.7 (95% CI: 2.9-4.1) 

12. Hypothyroidism: OR = 3.2 (95% CI: 1.7-6.1) 

13. Inflammatory spondylopathies: OR = 3.2  

(95% CI: 1.7-6.1) 

14. Peptic ulcer: OR 2.9 (95% CI: 2.4-3.6) 

15. Pulmonary circulation disorders: OR = 2.5  

(95% CI:1.9-3.2) 

Roshanisefat 

et al. (2014) 
125 

Cohort study 

7,667 people with 

MS; 76,045 matched 

controls 

1. Cardiovascular diseases: RRadj = 1.31 (95% CI: 1.22-1.41) 

Jadidi et al. 

(2013) 126 
Cohort study 

7,664 people with 

MS; 66,215 controls 

without MS  

1. Myocardial infarction: IRRadj = 1.85 (95% CI: 1.59-2.15) 

2. Stroke: IRRadj = 1.71 (95% CI:1.46-2.00) 

3. Heart failure: IRRadj = 1.97 (95% CI: 1.52-2.56) 
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Marrie et al. 

(2011) 127 
Cohort study 

8,983 people with 

MS;  

Compared results to 

those reported for the 

general population 

1. Cataracts: MS = 10.3% (95% CI: 9.7-10.9) vs 17.2% (95% CI: 16.8-

17.5) 

2. Glaucoma: MS = 2.6% (95% CI: 2.2-3.0) vs 2.1% 

3. Uveitis: MS = 2.4% (95% CI: 2.0-2.8) vs 0.12% 

4. Hypercholesterolemia: MS = 28.2% (95% CI:25.9-30.4) vs 16.5% 15.5-

17.5) 

5. Hypertension: MS = 22.7% (95% CI: 21.8-23.6) vs 22.0% (95% CI:21.5-

22.5) 

6. Coronary artery disease: MS = 5.7 (95% CI: 5.2-6.2) vs 6.4% (95% CI: 

6.1-6.7) 

7. Diabetes: MS = 5.7 (95% CI: 3.5-8.0) vs 7.3% (95% CI:6.5-8.1) 

Marrie et al. 

(2017) 84 

Population-

based cohort 

study 

4,911 people with 

MS; 23,274 controls 
1. Psoriasis: PR = 1.31 (95% CI: 1.25-1.37) 

Marrie et al. 

(2015) 123 

Population-

based cohort 

study 

44,452 people with 

MS; 220,849 matched 

controls 

1. Depression: RRadj = 1.79 (95% CI: 1.61-1.99) 

2. Anxiety disorder: RRadj = 1.58 (95% CI: 1.47-1.83) 

3. Bipolar disorder: RRadj = 2.07 (95% CI: 1.80-2.39) 

4. Schizophrenia: RRadj = 1.11 (95% CI: 0.87-1.41)* 

Tettey et al. 

(2016) 128 

Population-

based cohort 

study 

198 people with MS; 

20,643,100 general 

population 

1. Hypertension: PR = 2.25 (95% CI: 1.72-2.94) 

2. Type 1 diabetes: PR = 2.55 (95% CI: 0.62-10.12)* 

3. Type 2 diabetes: PR = 0.58 (95% CI: 0.22-1.53)* 

4. Dyslipidaemia: PR = 2.56 (95% CI:1.83-3.59) 

5. Psoriasis: PR = 3.31 (95% CI: 2.04-5.39) 

6. Rheumatoid arthritis: PR = 0.97 (95% CI: 0.37-2.57)* 

7. Thyroid dysfunction: PR = 2.36 (95% CI: 1.33-4.19) 

8. Asthma: PR = 1.88 (95% CI: 1.41-2.52) 

9. Hay fever: PR = 1.01 (95% CI: 0.72-1.40)* 

10. Eczema: PR = 14.31 (95% CI: 10.00-20.47) 

11. Anaemia: PR = 6.90 (95% CI: 4.78-9.95) 
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(*) = not significant 

Abbreviations: HRadj = adjusted hazard ratios; OR = odds ratio; ORadj = adjusted odds ratio; IRRadj= adjusted incidence rate ratios; PR = prevalence ratios; RR = 

rate ratios RRadj = adjusted rate ratios 

 

2.5.3. Before and After MS onset or MS diagnosis 

Table 2.5 summarises studies that estimated the prevalence of comorbidities before and after MS onset or diagnosis. In a combined case control 

and cohort study, the frequency of occurrence before MS onset of comorbidities such as psychiatric, cerebrovascular and cardiovascular disorders, 

chronic lung disease, diabetes, autoimmune diseases and cancer were not significantly different in people with MS and in the matched controls 129. 

After MS onset, there was a lower occurrence of chronic lung disease  (HR = 0.80 (95% CI: 0.75-0.86))  and cancer (HR = 0.88 (95% CI: 0.81-

0.95)) 129. Meanwhile, a nested case cohort study focused on the impact of MS diagnosis and not on the changes on the occurrence of having 

psychiatric comorbidities reported that people with MS had similar risk of being diagnosed with depression or anxiety in either one or two years 

before and after MS diagnosis 130. Another combined case-control and cohort study estimated the prevalence of comorbidities ten years before MS 

diagnosis and from MS diagnosis to the earliest date of comorbidity occurrence 131. Before MS diagnosis, people with MS were more likely to 

have cardiovascular diseases, gastrointestinal and hepatic disorders and neurological and mental disorders 131. From MS diagnosis, the risk of 

developing neoplasms, musculoskeletal disorders and neurological and mental disorders was higher in people with MS compared to the matched 

controls 131.  
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Table 2.5.  Key studies estimating the prevalence of comorbidities in people with MS before and after MS onset or MS diagnosis 

Author 

(Year) 
Research design Participants Main Findings 

Thormann 

et al. 

(2016) 129  

Combined case-

control and cohort 

study 

8,947 MS cases; 

44,735 controls 

Before MS onset: 

1. Psychiatric disorders: OR = 0.74  

(95% CI: 0.53-1.04)* 

2. Cerebrovascular disorders: OR = 

0.69 (95% CI: 0.48-0.99) 

3. Cardiovascular disorders: OR = 

0.87 

(95% CI: 0.71-1.07)* 

4. Chronic lung disease: OR = 1.04 

(95% CI: 0.94-1.15)* 

5. Diabetes mellitus: OR = 1.23 

(95% CI: 0.99-1.53)* 

6. Autoimmune diseases: OR = 

1.09 

(95% CI: 0.94-1.28)* 

7. Cancer: OR = 0.97  

(95% CI: 0.77-1.21)* 

After MS onset: 
Note: significance at one-tailed p-value 

1. Psychiatric disorders: HR = 1.25 

(95% CI: 1.04-1.51)* 

2. Cerebrovascular disorders: HR = 

1.84 (95% CI: 1.69-2.00)* 

3. Cardiovascular disorders: HR = 

1.08 

(95% CI: 1.02-1.15)* 

4. Chronic lung disease: HR = 0.80 

(95% CI: 0.75-0.86) 

5. Diabetes mellitus: HR = 0.92 

(95% CI: 0.83-1.03)* 

6. Autoimmune diseases: HR = 

1.18 

(95% CI: 1.08-1.30)* 

7. Cancer: HR = 0.88 

            (95% CI: 0.81-0.95) 

8. Parkinson’s disease: HR = 2.50 

(95% CI: 1.66-3.76)* 

Hoang et 

al. (2016) 
130 

Nested-case cohort 

study 

5,084 people 

with MS; 

24,771 controls 

One year before MS diagnosis: 

1. Psychiatric diagnosis: OR = 1.41  

(95% CI: 0.97-2.06)* 

Two years before MS diagnosis: 

1. Psychiatric diagnosis: OR = 1.32  

(95% CI: 0.89-1.96)* 

One year after MS diagnosis: 

1. Psychiatric diagnosis: OR = 1.15  

(95% CI: 0.79-1.68)* 

Two years after MS diagnosis: 

1. Psychiatric diagnosis: OR = 

1.36 

 (95% CI: 0.93-1.99)* 
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Chou et 

al. (2019) 
131 

Combined case-

control and cohort 

study 

2,526 incident 

MS; 9,980 

matched 

controls 

10 years before MS diagnosis: 

1. Neoplasms: ORadj = 1.08  

(95% CI: 0.81-1.45)* 

2. Cardiovascular diseases: ORadj = 

1.18  

(95% CI: 1.02-1.37) 

3. Metabolic and endocrine 

disorders: ORadj = 1.10 (95% CI: 

0.92-1.30)* 

4. Gastrointestinal and hepatic 

diseases:  

ORadj = 1.58 (95% CI: 1.06-2.36) 

5. Musculoskeletal disorders: ORadj 

= 1.06  

(95% CI: 0.87-1.29)* 

6. Neurological and mental 

disorders: ORadj = 2.49 (95% CI: 

2.24-2.76) 

7. Anaemia: ORadj = 1.10  

(95% CI: 0.94-1.28)* 

8. Genito-urinary disorders:  ORadj 

= 0.84 (95% CI: 0.50-1.41)* 

9. Psoriasis:  ORadj = 0.88 (95% CI: 

0.64-1.21)* 

From MS diagnosis to the earliest 

date of occurrence of comorbidities: 

1. Neoplasms: HR adj = 1.22   

(95% CI: 1.01-1.48) 

2. Cardiovascular diseases:  HR adj 

= 0.97  

(95% CI: 0.84-1.11)* 

3. Genito-urinary disorders: HR adj 

= 1.03 (95% CI: 0.72-1.47)* 

4. Metabolic and endocrine 

disorders:  HR adj = 1.08 (95% 

CI: 0.93-1.27)* 

5. Gastrointestinal and hepatic 

diseases: 

 HR adj = 1.39 (95% CI: 0.94-

2.05)* 

6. Musculoskeletal disorders: 

HR adj = 1.20 (95% CI: 1.02-

1.40) 

7. Neurological and mental 

disorders: 

HR adj = 2.50 (95% CI: 2.17-

2.88) 

8. Anaemia: HR adj = 0.99 (95% 

CI: 0.81-1.19)* 

9. Psoriasis: HR adj = 1.18 (95% 

CI: 0.80-1.73)* 
(*) = not significant 

Abbreviations: OR = odds ratio; ORadj = adjusted odds ratio; HR = hazard ratios; HRadj = adjusted hazard ratios 
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Overall, despite the heterogeneity in the types of comorbidities, study designs and 

populations used, there are comorbidities that tend to occur more frequently even before the 

first demyelinating event or the first symptom onset in people with MS. After MS diagnosis, 

there is a higher prevalence of comorbidities in people with MS than in the general 

population or matched controls. Very few studies have examined the changes in the 

frequency of occurrence of comorbidities before and after MS onset and currently, we do 

not have deep knowledge on the differences in the prevalence of comorbidities by MS onset-

type, because most studies were focused on MS as a single group. This research gap is 

addressed in the first part of this thesis (Chapter 3). Determining the prevalence before or 

at symptom onset is an opportunity to optimise the screening and prevention of the 

comorbidities common in early disease course while estimating the prevalence after MS 

onset offers the opportunity to prioritise the management of comorbidities that can 

substantially improve the disease prognosis of people with MS. Meanwhile, determining the 

changes in the prevalence of comorbidities between MS symptom onset and at a certain time 

point after MS diagnosis may provide an accurate picture of which comorbidities need early 

screening and detection. This might also establish which comorbidities are sufficiently 

common and potentially have clinical important effects throughout the MS course. 

2.6. Impact of comorbidities on health outcomes in people with MS 

Comorbidities have been found to have a consistent adverse impact on the different health 

outcomes of people with MS 83. In this section, I will discuss the most up-to-date research 

findings on the impact of comorbidities on the various health outcomes in MS such as health-

related quality of life (HRQoL), symptom severity, disability-related outcomes, relapse risk, 

DMT treatment, MRI-related measures, employment outcomes, healthcare costs, 

hospitalisations and mortality. Of these outcomes, this thesis specifically focuses on the 
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impact and contribution of comorbidities on HRQoL and severity of symptoms. Examining 

the present research findings for varying health outcomes will give insights in what is 

currently lacking and will serve as a foundation for future research on comorbidities and 

health outcomes of MS.  

2.6.1. Health-related quality of life 

There is increasing evidence that comorbidities impact on HRQoL of people with MS 132-

137. In a cross-sectional study with 262 people with MS, musculoskeletal disorders like 

arthritis (β = - 4.694, standard error (SE) = 1.121) and respiratory problems like asthma (β 

= - 3.410, SE = 1.409) were both associated with lower physical HRQoL while headaches 

(β = - 3.142, SE = 1.496), gastrointestinal disorders (β = - 6.736, SE = 2.121) and genito-

urinary problems (β = - 4.393, SE = 1.770) were associated with poorer mental HRQoL 132. 

This study measured the HRQoL using the 36-item Short Form Health Status Survey (SF36) 

that provided a physical component score (PCS) and mental component score (MCS). In a 

second cross-sectional study including 302 people with MS which assessed the impact of 

five comorbidities on the HRQoL using the Health Utility Index 3 (HUI3), ranged 0 (death) 

to 1 (perfect health)), people with MS with one or more comorbidities was 0.12 points lower 

than people with MS without comorbidities after adjustment for confounders 133. Another 

cross-sectional study evaluated the direct effects of physical comorbidities on HRQoL using 

HUI3, where they measured the direct effects, the indirect effects and the effects that were 

mediated via disability, anxiety and depression 134. The presence of a mental comorbidity 

was associated with a lower HRQoL (mean 40.7 (95% CI: 39.8-41.6) mental component 

scale) compared to those without a mental comorbidity (mean 48.5 (95% CI: 47.7-49.4)). 

The total effect of physical comorbidities on HRQoL was -0.05 (95% CI: -0.067, -0.038), 

with the direct effect being -0.02 ( 95% CI:-0.032, -0.009) and the indirect effect -0.03 (95% 
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CI: -0.043, -0.023) 134. An effect size of -0.05 is generally viewed as being clinically relevant 

136. In a large cross-sectional study, a clear dose-response relationship was found between 

the number of physical comorbidities (n=14) and HRQoL (Short Form-12, physical 

component), after adjustment for factors such as age, sex, education level, income, age and 

year of symptom onset, MS phenotype and treatment status (r = -0.25 (95% CI: -0.23, -

0.27)) 135.  

In summary, these cross-sectional studies consistently show that people with comorbidities 

have a lower quality of life compared to those without comorbidities, most of them with a 

substantial effect size. However, data on which single or groups of comorbidities make 

greater contributions to the HRQoL in people with MS is still lacking and are therefore 

investigated in this thesis (Chapter 4). This is an important gap that can aid clinicians in 

focusing on screening for comorbidities with greater influence on the HRQoL and that could 

be targeted for prevention and optimal treatment. 

2.6.2. Severity of symptoms 

Few studies have evaluated the impact of comorbidities on the severity of symptoms that 

are common in people with MS 138-140. One cross-sectional internet survey determined the 

association between comorbidities and symptom severity by using a numeric rating scale 

involving 339 people with MS who had comorbidities such as depression, arthritis, cancer, 

migraine and coronary artery disease 138. In this study, people with MS with depression 

(mean: 3.85 vs 2.78), arthritis (mean: 4.09 vs 3.02) and migraine (mean: 4.05 vs 2.88) had a 

higher mean pain severity compared to those without these comorbidities. Similarly, people 

with MS with depression (mean: 6.40 vs 5.51), cancer (mean: 6.72 vs 5.90) and arthritis 

(mean: 6.45 vs 5.70) had a higher fatigue severity compared to those without such 

comorbidities 138. People with MS with coronary artery disease, on the other hand, had a 
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higher severity mean score for weakness (mean: 6.43 vs 4.61) and imbalance (mean: 6.36 

vs 4.73) compared with those who did not reported this comorbidity 138. Meanwhile, other 

studies focused on the relationship of a single symptom (i.e. pain, fatigue) and comorbidities 

139, 140. Fiest et al. conducted a longitudinal study from 2010-2011 to determine the incidence 

of pain in MS, the changes in pain severity over time and which comorbidities were 

associated with pain in MS and with changes over the study period 139. At baseline, there 

were higher odds for experiencing disruptive pain in people with MS reporting a 

comorbidity, particularly those with fibromyalgia, peripheral vascular disease, and 

rheumatoid arthritis vs those without these comorbidities. At year one, the ratio of worsening 

pain was only elevated for people with MS with peripheral vascular disease (ratio of 

proportions (PR) = 2.42; 95% CI: 1.22–4.80). However, at year two, there was a higher ratio 

of worsening pain for those with diabetes (PR: 2.42; 95% CI: 1.25–4.68), osteoporosis (PR 

= 2.30; 95% CI: 1.49–3.54), and anxiety (PR = 1.49; 95% CI: 1.05–2.12) compared to people 

with MS who did not reported these comorbidities 139.  The same authors conducted another 

longitudinal study involving around 900 people with MS and found that people with MS 

reporting depression at baseline were more likely to report a worsening fatigue one year 

from baseline (PR = 1.59; 95% CI: 1.04-2.43) compared to those without 140. Further, people 

with MS with chronic obstructive pulmonary disease were more likely to report worsening 

fatigue 2 years from baseline (PR = 1.84; 95% CI: 1.04-3.26) compared to people with MS 

without this comorbidity 140. By using ordinal generalized estimating equation models and 

after adjusting for confounders, the comorbidities anxiety, inflammatory bowel syndrome, 

depression, and migraine were independently associated with increased odds of fatigue that 

persisted over time 140.  

Overall, these observational studies consistently showed that comorbidities were associated 

with a higher severity of symptoms in people with MS, indicating that higher number of 

Chapter 2: Background on key topics of Multiple Sclerosis and Comorbidities  



  
 
 
 

46 | P a g e  

 

comorbidities are adding to the total load of symptoms commonly seen in MS. However, 

studies to further establish the impact of comorbidities on the severity of the most common 

symptoms of people with MS are limited and are therefore investigated in this thesis 

(Chapter 5). Addressing this research gap may broaden our understanding not only on the 

relationships between comorbidities and the severity of symptoms in people with MS, but 

also on which symptoms are particularly impacted by a higher comorbidity load that could 

then be targeted for early prevention and management.  

 2.6.3. Disability/disability progression  

Several studies have examined the association between comorbidities and disability or 

disability progression in people with MS. In a large study of recently diagnosed people with 

MS (n=2,375 enrolled within two years of diagnosis), those with any pre-existing physical 

comorbidity had an increased odds of reporting moderate disability (OR = 1.66, 95% CI: 

1.88-2.35) compared to those without a physical comorbidity 141. This suggests that a higher 

disability already seems to occur early in the disease process. Meanwhile, in a cross-

sectional study of prevalent cases (n=2,399) where disability was assessed using the Patient-

Determined Disease Steps (PDDS), identified that, compared to people with MS with no 

comorbidity, the odds of being in the moderate/severe disability category was 1.38 (95% CI: 

1.11–1.72; p=0.003) for people with MS with one comorbidity, 1.59 (95% CI: 1.18–2.15; 

p=0.002) for those with two comorbidities and 0.89 (95% CI: 1.28–2.77; p<0.001) for those 

who have three or more comorbidities, after adjustment for age, sex and time since diagnosis 

142.  

A large retrospective cohort study conducted in two Canadian provinces included incident 

MS diagnosed between 1990 to 2010 (n=3,166) and investigated the association between 

physical comorbidities (diabetes mellitus, hypertension, hyperlipidaemia, heart disease, 

Chapter 2: Background on key topics of Multiple Sclerosis and Comorbidities  



  
 
 
 

47 | P a g e  

 

chronic lung disease and epilepsy) and Expanded Disability Status Scale (EDSS) 

progression 143. The comorbidity status (total number and presence/absence of an individual 

comorbidity) was determined at baseline and at each EDSS assessment date after baseline 

where for each additional physical comorbidity. There was a mean increase of 0.18 (95% 

CI: 0.09-0.28) in the EDSS score over the study period  143. The individual comorbidities 

such as ischemic heart disease (β=0.31 (95% CI: 0.001-0.61)) and epilepsy (β=0.68 (95% 

CI: 0.11-1.26)) were associated with higher EDSS scores after adjustment for confounders, 

while chronic lung disease, diabetes, hyperlipidaemia and hypertension were not associated 

143. The same group of authors also investigated the effect of psychiatric comorbidity on 

disability progression using the EDSS of people with MS in a large multi-clinic cohort using 

linked and health administrative databases in two Canadian provinces 144. They included 

psychiatric comorbidities such as mood or anxiety disorder, depression, anxiety and bipolar 

disorder wherein the presence of a mood or anxiety disorder was associated with a higher 

EDSS score adjusted for disease duration (β=0.24; p=0.002) or adjusted for disease duration 

and other confounders (β=0.28; p=0.0002) 144. In addition, their results showed significance 

for women (β=0.31; p=0.0004) but not in men (β=0.22; p =0.17) 144. 

A prospective study published in 2010 determined the association between vascular 

comorbidities and disability progression using the PDDS from the time of symptom onset 

or diagnosis until ambulatory disability 145. They reported that people with MS with one or 

more vascular comorbidities at diagnosis had decreased time from diagnosis to ambulatory 

disability as compared to those with no vascular comorbidity and even after adjusting for 

confounders, having at least one vascular comorbidity at MS diagnosis had more than 1.5-

fold increase risk of ambulatory disability 145.  

Another longitudinal study involving 146 people with MS used the motor scale of the 

Functional Independence Measure (FIMTM) to evaluate the effect of comorbidities on the 
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course of physical functioning over a 3-year period after diagnosis 146. They identified a 5-

point decline in physical functioning of people with MS with musculoskeletal comorbidities 

over three years measured with the motor scale of FIMTM compared to a 2-point decline in 

those without these comorbidities after adjusting for age and disease severity. The other 

comorbidities (i.e. cardiovascular and respiratory disorders and diabetes) had no significant 

effect on the 3-year course of physical functioning 146.  

Overall, these studies show that the presence of any comorbidity is associated with a higher 

disability in early MS (i.e. two years after diagnosis) and a faster disability progression 

throughout the disease course. While the EDSS and PDDS are MS-specific disability 

measures, it is probably impossible to distinguish disability from MS vs disability from 

comorbidities.   

 2.6.4. MS relapse 

Few studies have examined the association between comorbidities and the risk of relapse 128, 

142, 147. In an online survey conducted in 2012 (N=2,399), people with MS with comorbidities 

had a higher number of medically confirmed relapses in the previous 12 months 142. 

Compared to those without comorbidities, the odds ratio of having a relapse for those with 

one comorbidity was 1.68 (95% CI: 1.30–2.18; p<0.001); while having two comorbidities 

had an odds ratio of 1.66 (95% CI: 1.14–2.42; p=0.008), and those with three or more 

comorbidities had an odds ratio of 2.60 (95% CI: 1.56–4.31; p<0.001) 142. A prospective 

study of 885 people with MS found a dose-response relationship between comorbidity and 

relapse rate over the subsequent two years 147. However, the association only reached 

statistical significance for those with three or more comorbidities, as compared with no 

comorbidity (adjusted rate ratio = 1.45 (95% CI: 1.00–2.08) after adjusting for confounders 

147. In terms of specific comorbidities, the same prospective study of 885 people with MS, 
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migraine and hyperlipidaemia were associated with increased relapse rate (adjusted rate ratio 

= 1.38 (95% CI: 1.01–1.89) and 1.67 (95% CI: 1.07–2.61), respectively) 147, while no 

associations were seen for hypertension, diabetes mellitus, being depressed, and being 

anxious. In another prospective study of 198 people with MS, rheumatoid arthritis and 

anaemia were associated with increases in hazard of subsequent relapse (adjusted hazard 

ratio = 3.70 (95% CI: 1.80–7.58) and 2.04 (95% CI: 1.11–3.74), respectively), while no 

associations were observed for hypertension, dyslipidaemia, psoriasis, thyroid dysfunction, 

asthma, hay fever, and eczema 128. 

In summary, these observational studies, including a prospective cohort study, show that 

people with MS with multiple comorbidities had an increased relapse rates compared to 

people with MS without comorbidities which raises the possibility that comorbidities could 

be a significant factor in the occurrence of relapses of people with MS.   

 2.6.5. MRI-related outcomes 

The presence of a midbrain plaque in people with MS was associated with an increased 

likelihood of headache with migraine characteristics, according to one cross-sectional study 

involving 207 females and 70 males with MS 148. Likewise, in the case-control study of 

Graziano et al., there was an increased frequency of contrast enhancing (CE) lesions, 

suggesting an increase in the blood brain barrier disruption, in people with relapsing-

remitting MS with migraines (35.4% vs 23.7%; p=0.013) compared with age and sex 

matched healthy controls 149. Lastly, a 2015 cross-sectional study with 241 people with MS 

found that the presence of comorbidities, particularly psoriasis, thyroid disease, and type 2 

diabetes mellitus, was associated with decreased normalized brain volume and more severe 

MRI outcomes of neurodegeneration and demyelination 150. 
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These studies suggest that comorbidities are associated with the worsening of the MRI-

related measures in people with MS. However, it is unclear whether these MRI-related 

measures are MS-specific or whether comorbidities independently affect MRI outcomes 

making it more impossible to distinguish MRI outcomes from MS from MRI outcomes from 

comorbidities.  In addition, these studies are incapable of evaluating the causal mechanisms 

that underlie the relationships between comorbidities and MRI measures (i.e. number, 

location and type of lesions, and brain atrophy).  

 2.6.6. Initiation and choice of disease modifying therapies 

It is possible that the presence of comorbidities may affect decisions around MS treatments 

or the timing of MS treatments. In a retrospective cohort study (N=10,698), the number of 

comorbidities was associated with a time-dependent reduction in the likelihood of initiating 

a DMT for people with MS (i.e. 10% reduction after one year and 42% after five years from 

the study index date), but not with the choice of initial DMT 151. Their study included 

physical comorbidities (diabetes, hypertension, hyperlipidaemia, ischemic heart disease 

chronic lung disease, epilepsy) and psychiatric comorbidities (anxiety, depression, bipolar 

disorder). In relation to specific comorbidities, people with MS who also had ischemic heart 

disease (hazard ratio (HR) = 0.72 (95% CI: 0.59-0.87)) or anxiety (HR = 0.78 (95% CI: 

0.69-0.87)) were less likely to start a DMT, while having depression seemed to shorten the 

DMT initiation (HR = 1.13 (95% CI: 1.00-1.27)) 151.  

This single study suggests that having a higher number of comorbidities may lower the 

likelihood of starting DMT. 

 2.6.7. Employment outcomes 

A cross-sectional study published in 2019 (n=929) was the first to assess the impact of 30 

comorbidities on employment outcomes in people with MS 152. In this study, the work 

Chapter 2: Background on key topics of Multiple Sclerosis and Comorbidities  



  
 
 
 

51 | P a g e  

 

productivity loss was 1.3 days for people without comorbidities while 2.5 days for those 

with any comorbidities. Individual comorbidities such as depression, anxiety, migraine or 

osteoarthritis had the highest total population costs of MS-related work productivity loss and 

higher total number of comorbidities, doctor-diagnosed, currently treated comorbidities as 

well as those comorbidities that limited physical activities were all associated with higher 

likelihood of not being in the workforce and higher MS-related work related productivity 

loss 152. Lastly, people with MS with at least one comorbidity that limited their physical 

activities was associated with 19.8% more work productivity loss compared to those without 

any comorbidity 152.  

Currently, only one study examined the relationships between comorbidities and 

employment outcomes. It showed that different comorbidity measures were associated with 

different employment outcomes, demonstrating internal consistency between measures.  

 2.6.8. Healthcare costs/Economic impact  

In people with MS, there is currently no study that comprehensively assessed the relationship 

between comorbidities and healthcare costs or estimated the excess costs of having any 

comorbidity. However, it is likely that the resulting complexity of care for people with MS 

with comorbidities is associated with higher healthcare costs. For example, in a retrospective 

study conducted in the United States, the mean annual cost of treating MS was $23,434 

(2009 estimate), which varied according to the presence and type of comorbidities or 

complications 153. People with MS with muscle weakness ($29,104), spasms ($28,843), 

urinary incontinence ($28,561) and optic neuritis ($28,353) have higher healthcare costs 

compared to those without these conditions 153.  
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 In summary, while it is hypothesized that comorbidities substantially contribute to 

the higher healthcare costs of MS, studies are needed to determine and estimate the 

relationship between comorbidities and the healthcare costs of people with MS.  

2.6.9. Hospitalisation 

Hospitalisation rates are increased in people with MS with comorbidities. Marrie et al. 

evaluated the associations between comorbidities and hospitalization rates over a 5-year 

study period in 4,875 people with MS in comparison to a 24,533 matched population 154. 

From 2007 to 2011, 8.9% of hospitalization was MS-related, 3.7% were possibly MS-related 

and 87.4% were not MS-related 154. In addition, over the 5 -year study period, people with 

MS had 1.5-fold (adjusted rate ratio = 1.56 (95% CI 1.44-1.68)) higher hospitalisation rates 

compared to the matched population 154. In a more recent retrospective cohort study 

involving 16,629 hospitalised people with MS, 44.7% (n=7,443) of whom had two or more 

comorbidities and 23.7% (n=3,946) had three or more comorbidities 155. Based on individual 

comorbidities, this study reported that hypertension (38.5%) was the most common physical 

comorbidity while depression (24.0%) was the most common psychiatric comorbidity for 

hospitalised people with MS 155. This study also reported that comorbidities having three or 

more comorbidities was associated with increased odds of 30-day hospital readmission 

(adjusted odds ratio = 1.92 (95% CI = 1.34-2.74)) 155. Furthermore, people with MS with 

nutritional deficiency anaemia, diabetes, rheumatoid arthritis/collagen vascular diseases or 

chronic pulmonary disease had an at least 50% increase in the adjusted odds of hospital 

readmissions within 30 or 90 day-period 155.  

In a longitudinal population-based study with 2,275 people with incident MS, those who had 

any comorbidities had an increased all-cause hospitalisation rate (adjusted rate ratio = 1.72 

(95% CI: 1.48-1.99)), but not MS-related hospitalisation rate (adjusted rate ratio = 0.76 (95% 
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CI: 0.59-0.99)) compared to those without comorbidity over the study period (i.e. 

hospitalizations that occurred between 2001-2017) 156. Likewise, individual comorbidities 

such as hypertension (rate ratio (RR) = 1.33 (95% CI: 1.13-1.58)), diabetes (RR = 1.89 (95% 

CI: 1.53-2.34)), ischemic heart disease (RR = 1.45 (95% CI: 1.10-1.92)), mood and anxiety 

disorder (RR = 1.52 (95% CI: 1.32-1.75)), chronic lung disease (RR = 1.43 (95% CI: 1.19-

1.71)) and epilepsy (RR = 1.56 (95% CI: 1.02-2.39)) increased the rate of all-cause 

hospitalisations, but did not significantly increased the rate of MS-related hospital 

admissions 156.  

In summary, these studies suggest that having comorbidities are associated with an increased 

rate of hospitalisations only for non-MS related reasons and that comorbidities could drive 

hospital re-admissions in people with MS.  

 2.6.10. Mortality 

Previous studies reported that the survival in MS has improved over the last 50 years, but 

the survival of people with MS remains lower compared with an age-and-sex matched 

population without MS 157. In a large retrospective cohort study published in 2015 involving 

5,797 people with MS and 28,807 controls, the risk of mortality was increased in people 

with MS with diabetes (adjusted hazard ratio (HR) = 1.47 (95% CI: 1.25–1.73)), ischemic 

heart disease (adjusted HR = 1.50 (95% CI: 1.28–1.75)), depression (adjusted HR = 1.62 

(95% CI: 1.39–1.88)), and lung disease (adjusted HR = 1.21 (95% CI: 1.03–1.42)) but to a 

lesser degree than in the matched population for diabetes, hypertension, ischemic heart 

disease and chronic lung disease (pinteraction=<0.001) 157. A more recent population-based 

cohort study, published in 2017, identified 8,848 people with incident MS between 1980 and 

2005. With MS onset as the starting point and a mean observation time of 17.9 to 19.1 years, 

there was an increased in mortality for those with a psychiatric comorbidity (HR = 2.42 
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(95% CI: 1.67-3.01)), diabetes (HR = 1.39 (95% CI: 1.05-1.85)), cancer (HR = 3.51 (95% 

CI: 2.94-4.19)) and Parkinson’s disease (HR = 2.85 (95% CI: 1.34-6.06)) compared to those 

without these comorbidities 158.  

Overall, these two observational studies seem to suggest that having comorbidities is 

associated with a higher risk of mortality in people with MS.  

2.7. Comorbidity management and/or prevention in people with MS 

People with MS and comorbidities often require complex therapeutic management because 

of their high disease burden, poorer health outcomes and higher rates of mortality. Therefore, 

the traditional “single-disease approach” might not be applicable for people with MS 

affected by a number of comorbidities 159. Comorbidities are a complex phenomenon, and it 

is nearly impossible to identify all the possible comorbidity combinations to fully determine 

their impact on different health and clinical outcomes. To date, there is no gold-standard 

approach to measuring comorbidities in MS. Prior studies assessed the impact of 

comorbidities using the number of comorbidities, weighted indices, most prevalent pair 

combinations and organ-based systems 160. However, these methods might not adequately 

capture large groups of comorbidities that could give insight into the totality of the disease 

burden.  

In people with chronic conditions like MS, simultaneously managing varying medical 

conditions is challenging with a risk of undesirable sequelae, drug interactions and adverse 

effects due to polypharmacy 161, 162. Hence, an integrated approach or a “multi-morbidity 

approach” might be a more practical strategy in managing and addressing comorbidities in 

people with MS. However, our epidemiological knowledge on the prevalence of the most 

frequently occurring comorbidity patterns in MS and their associations with the different 

demographics and clinical characteristics of people with MS is limited. This is an evident 
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research gap. This will be addressed in the last part of this thesis (Chapter 6). Data obtained 

from this study might serve as an aid to clinicians, researchers and policymakers to recognise 

people with MS with different healthcare needs and potentially offer a more simplified 

process to the delivery of care for people with MS with comorbidities. 

2.8. Postscript 

This chapter provided the background on the key topics of multiple sclerosis and 

comorbidities, which will serve as a foundation on the understanding of the rest of the thesis. 

In relation to the prevalence of comorbidities, determining the prevalence of comorbidities 

before and after MS symptom onset gives a more accurate picture of which comorbidities 

may require early screening and are important throughout the disease course. Therefore, the 

following chapter will determine the changes and the onset-type differences in the 

prevalence of comorbidities in people with MS. 
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Chapter 3 

Change and onset-type difference in the prevalence of 

comorbidities in people with multiple sclerosis 

 

3.1. Preface 

In this chapter, we addressed the following aims: a) Determine the change in prevalence of 

comorbidities between MS symptom onset and at the time of study (on average 20.5 years post-

symptom onset) among the AMSLS participants; b) Compare the prevalence of comorbidities 

at the time of study to the general Australian population; and c) Examine whether the results 

differed by MS onset-type. This chapter has been published in the Journal of Neurology. The 

typeset version of the manuscript as it appeared in the journal is in Appendix 3A. The text of 

this chapter is the same as the published version.  

3.2. Abstract 

Background: Little is known about the change in prevalence of comorbidities during the 

disease course of people with multiple sclerosis (MS) and whether the prevalences vary by MS 

onset-type. 

Objective: To calculate the change in prevalence of comorbidities between symptom onset and 

the time of study, to compare the prevalences of comorbidities with those in the Australian 

population at the time of study and to examine onset-type differences. 

Methods: Comorbidity data from 1,518 participants of the Australian MS Longitudinal Study 

and Australian population comparator data (2014-15 National Health Survey) were used. The  
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change in prevalence between time points and prevalence ratios (PR) at the time of study (crude, 

age-and-sex adjusted, and stratified by onset-type) were calculated. 

Results: Comorbidities were common, and those with the largest increases in prevalence 

between MS symptom onset and the time of study were depression (+26.9%), anxiety 

(+23.1%), hypertension (+21.9%), elevated cholesterol (+16.3%), osteoarthritis (+17.1%), eye 

diseases (+11.6%), osteoporosis (+10.9%) and cancer (+10.3%). Compared to the general 

population and after age-and-sex adjustment, participants had a significantly higher prevalence 

for 14/19 comorbidities at the time of study. The associations were strongest for anaemia, 

cancer (both PR>4.00), anxiety, depression, migraine (all PR>3.00), psoriasis and epilepsy 

(both PR>2.00). No significant differences were seen by onset-type. 

Conclusion: Comorbidities are common at MS symptom onset and increase with MS duration. 

Having MS may thus contribute to accrual of comorbidities. This emphasises the importance 

of optimal screening for and management of comorbidities in early MS and throughout the 

disease course. 

3.3. Introduction 

As there is still no known cure for multiple sclerosis (MS), current treatment mainly focuses 

on preventing relapses and disability progression as well as improving other health outcomes 

of people with MS (PwMS) 1. However, MS-related outcomes are highly heterogeneous 2, 3. 

Comorbidities, the medical conditions that co-occur with an index disease 4, may explain part 

of the heterogeneity of clinical outcomes in MS. Comorbidities have recently engendered 

substantial research interest in MS because their presence can cause diagnostic delays, alter 

disability progression, limit physical activities 5, increase MS symptoms severity 6, lower 

quality of life 7, and affect MS treatment utilization and mortality 8.  
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Comorbidities are common in chronic diseases like MS and their accumulation over time 

complicates disease management. However, no study has focused on identifying comorbidities 

with increases in prevalence after MS symptom onset. Most studies have examined the 

prevalence of comorbidities of PwMS cross-sectionally during the course of MS, generally 

finding a higher prevalence in PwMS of most diseases compared to controls 9-12. Other studies 

focused on the time before and at MS onset, finding that the prevalence of  hypertension, 

inflammatory bowel disease (IBD), high cholesterol 13, asthma 14, anaemia, thyroid disorders, 

epilepsy, migraine, any mood or anxiety disorders and depression 13, 15 were already more 

common before or at MS symptom onset compared to controls. In one study, comorbidities 

were already common five years before MS onset and became more prevalent at the time of 

symptom onset 16. Two longitudinal studies found that after MS diagnosis, PwMS were at 

greater risk of cardiovascular diseases compared to healthy controls 17, 18. A good 

understanding of how the prevalence of comorbidities changes at these critical time points and 

which comorbidities are more common is important to better improve health outcomes. 

Furthermore, the last two decades showed dramatic progress for people with relapsing 

remitting MS in terms of risk factors and therapies 19, 20. For all the success in relapsing 

remitting MS, the story in progressive MS is more challenging. Previous research comparing 

the differences in characteristics and epidemiological features between relapse-onset and 

progressive-onset MS is limited and no study has yet compared the different effects on the 

prevalence of comorbidities between these two onset-types. 

The aims of our study were to: (a) determine the change in prevalence of comorbidities between 

MS symptom onset and at the time of study (on average 20.5 years post-symptom onset) among 

the Australian MS Longitudinal Study (AMSLS) participants; (b) compare the prevalence of  
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comorbidities at the time of study to the general Australian population, and; (c) examine 

whether the results differed by MS onset-type. 

3.4. Methods 

3.4.1. Study populations 

The study sample was recruited from the AMSLS database, a large, national sample of around 

3,000 adult Australian volunteers with MS 21. An estimated 96% of the participants were 

diagnosed by a neurologist with definite MS using the McDonald Criteria 22, 23. It is an ongoing 

survey-based research project supported by MS societies in all Australian states and territories. 

Ethical approval was initially given by the Australian Capital Territory Health Human 

Research Ethics Committee (HREC) and by the Tasmanian Health and Medical HREC when 

the study centre was relocated to Tasmania in 2014 21.   Written informed consent forms for 

the survey were provided by each participant. In August to October 2016, a total of 3,112 active 

participants were invited to complete the AMSLS Lifestyle and Environment Survey of whom 

1,518 (49%; 1,067 online and 451 paper-based) responded to the survey. 

As a direct comparator, we used the 2014-15 National Health Survey (2014-15 NHS) 

conducted by the Australian Bureau of Statistics from July 2014 to June 2015 24.  Detailed 

information about the 2014-15 NHS design, methodology and interpretation of results has been 

published 24. In brief, a total sample of 19,259 (82% response rate) Australians were randomly 

selected from all states and territories to assess their health status and health-related aspects of 

their lifestyles 24. Estimates from the survey were obtained using a complex weighting and 

estimation procedure to ensure that results from sample survey infer results for the in-scope 

total population by state, age and sex 11, 24.  Data on major long-term health conditions (number 

of people with the medical condition and total number of respondents) were extracted in 10-

year age groups (<35, 35-44, 45-54, 55-64, 65-74 and 75 years and over) and stratified by sex. 
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3.4.2. Measurements 

3.4.2.1. Comorbidities 

Participants were asked about the presence of 30 comorbidities that have been previously 

frequently reported in prior comorbidity studies in MS 9, 25, 26. For each comorbidity, we asked 

“Do you have or have you had this condition?” (Yes/No). If yes, the participant was coded as 

having that comorbidity at the time of study and we asked, “Did you have this before your first 

symptom of MS?” (yes/no/don’t know). If yes, the participant was coded as having the 

comorbidity at MS symptom onset. The “Don’t know” group was combined with the “No” 

group. The number of comorbidities for the total cohort, for those with relapse-onset and 

progressive-onset MS at these two time points were calculated. To make appropriate 

comparisons with the comorbidities reported in the 2014-15 NHS, we: 1) excluded 

comorbidities that were not included in the 2014-15 NHS (other autoimmune disorders, 

Parkinson’s disease, systemic lupus erythematosus) or not assessed in a similar fashion in both 

surveys (eye diseases, allergies); 2) re-grouped or combined some comorbidities to match the 

2014-15 NHS disease categories (as described in Figure 1 footnotes) and 3) excluded 

comorbidities that had <10 participants (chronic renal disease) in order to have sufficient power 

for the analysis. We were left with 19 comorbidities for the prevalence ratio analysis (Figure 

1).  

3.4.2.2. Other measures 

MS duration was calculated by subtracting the year of MS symptom onset from the year of 

survey. Age at symptom onset was calculated by subtracting the year of MS symptom onset 

from the year of birth. Data on age, sex, MS onset-type (i.e. relapse-onset and progressive-

onset), disease modifying therapy (DMT) status and education attainment were also obtained 

from the survey. 
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3.4.3. Statistical analysis 

We used descriptive statistics to examine the demographics of the MS cohort and the 2014-15 

NHS. The characteristics of the study sample were compared to the participants who were 

invited but not included in the study to ascertain the generalisability across the sample. We 

calculated the crude prevalence of each comorbidity at MS symptom onset and at the time of 

completing the 2016 Lifestyle and Environment Survey (i.e. at the time of study) and calculated 

the change between those two time points.  

To compare the prevalence of comorbidities between our MS cohort and the general Australian 

population, we calculated the crude prevalence of the 19 comorbidities in the MS cohort at the 

time of study and the crude prevalence of that comorbidity in the general Australian population. 

This process was repeated for each sex and age category. Using this dataset of rates for each 

sex and age category in the two cohorts, we used Poisson regression to adjust the prevalence 

ratio (PR) for sex and age at the time of study.  

We then stratified the comorbidity data by MS onset-type (i.e. relapse-onset vs progressive-

onset) and calculated the crude prevalence of each comorbidity at MS symptom onset and at 

the time of study. To compare the prevalence of comorbidities between people with relapse-

onset MS and people with progressive-onset MS, we calculated the crude prevalence of each 

comorbidity in the relapse-onset cohort at both time points and the crude prevalence of that 

comorbidity in the progressive-onset cohort. After obtaining a dataset of rates for each sex and 

age category in the two cohorts, we used Poisson regression to adjust the prevalence ratio (PR) 

for age and sex between both time points, respectively. To further examine whether the PR of 

both MS onset-types differed from the general Australian population at the time of study, we 

repeated the analysis above and calculated the p-values of interaction by including product 

terms in our model. 
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We limited all PR analyses to those comorbidities that had 10 or more participants to have 

sufficient power. All analyses were performed using STATA/IC for Windows (version 15.0; 

StataCorp LP, College Station, Texas, USA). The significance level was set at 95% 

confidence interval (CI).  

3.5. Results 

3.5.1. Participant characteristics 

Of the MS cohort, 79.6% were female (vs 50.8% of the 2014-15 NHS participants), 88.1% had 

relapse-onset MS and 62.4% were currently taking disease modifying therapy (Table 3.1). The 

mean age of all included participants at symptom onset was 36.0 years while the mean age at 

the time of study was 55.7 years. Almost 37% of the MS cohort had bachelor’s and 

postgraduate degree (vs 28% of the 2014-15 NHS participants). Overall, 65.3% of the 

participants reported at least one comorbidity at symptom onset and 90.0% at the time of study. 

The participants included in this analysis had a similar sex distribution (female 79.5% vs 77.2%; 

p=0.10) and education attainment (37% with bachelor’s or postgraduate degree vs 34%; p=0.11) 

compared to participants who were not included. Included participants were slightly older 

(+1.49 years, p <0.01) and had a longer MS duration since MS diagnosis (+0.56 years, p=0.04).  

Table 3.1. Characteristics of people with Multiple Sclerosis (MS) and the Australian 

populationa 

Characteristics 
Total study 

sample 

MS onset-type of study 

sampleb Australian 

population 

 
Relapse-

onset MSc 

Progressive-

onset MSd 

Total, n (%) 1,518  
1,113 

(88.1) 
150 (11.9) 17,733,300 

Sex, n (%) 

         Male 309 (20.4) 190 (17.1) 64 (42.7) 8,724,300 (49.2) 

         Female 1204 (79.6) 919 (82.9) 86 (57.3) 9,006,600 (50.8) 
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Currently on disease modifying 

therapy, n (%)  
759 (62.4) 637 (67.7) 35 (28.9) - 

Age at symptom onset (years), 

mean (SD) 
36.0 (10.8) 35.9 (10.4) 40.3 (11.4) - 

Years since MS symptom 

onset, 

 mean (SD) 

20.5 (10.9) 20.1 (10.6) 22.3 (11.4) - 

Age at the time of study, mean 

(SD) 
55.7 (11.2) 55.0 (11.2) 62.3 (9.3) - 

Age groups at the time of study (years), n (%) 

         <35 48 (3.2) 38 (3.5) 0 (0.0) 5,553,600 (31.3) 

         35-44 226 (15.1) 183 (16.6) 5 (3.4) 3,167,100 (17.9) 

         45-54 374 (25.0) 276 (25.1) 29 (19.7) 3,056,500 (17.2) 

         55-64 507 (33.8) 379 (34.4) 45 (30.6) 2,669,600 (15.1) 

         65-74 300 (20.0) 199 (18.1) 58 (39.5) 1,937,700 (10.9) 

          >75 44 (3.0) 26 (2.4) 10 (6.8) 1,348,800 (7.6) 

Education attainment, n (%) 

        Secondary school or less 356 (29.3) 239 (25.3) 55 (45.5) 6,232,000 (35.6) 

        Occupational 

certificate/diploma 
415 (34.2) 336 (35.6) 36 (29.8) 6,431,300 (36.7) 

        University degree and 

higher 
443 (36.5) 370 (39.2) 30 (24.8) 4,840,300 (27.7) 

Number of comorbidities at MS symptom onset, n (%) 

         0 538 (34.8) 365 (33.8) 60 (40.0) - 

         1 431 (28.4) 338 (30.4) 29 (19.3) - 

       >2 559 (36.9) 410 (36.8) 61 (40.7) - 

Number of comorbidities at the time of study, n (%) 

         0 151 (10.0) 108 (9.7) 12 (8.0) - 

         1 198 (13.0) 150 (13.5) 15 (10.0) - 

       >2 1169 (77.0) 855 (76.8) 123 (82.0) - 

 
  a Based on National Health Survey 2014-15 of the Australian Bureau of Statistics (> 18 years old); b  Excluded those 

who ticked “unsure” (n = 68) and those who did not specify their MS onset type (n = 187);  c Includes relapsing 

remitting multiple sclerosis and secondary progressive multiple sclerosis; d Includes primary progressive multiple 

sclerosis and progressive relapsing multiple sclerosis. 

 

3.5.2. Prevalence of comorbidities at MS symptom onset vs at the time of the study  

Table 3.2 gives the prevalence of all thirty comorbidities assessed.  At symptom onset, the most 

prevalent comorbidities were allergies (29.2%), migraine (20.2%), anxiety (15.9%), depression 

(15.8%), hypertension (8.3%), high cholesterol (7.2%) and anaemia (7.2%) (Table 2). At the 

time of study (on average 20.5 years post-symptom onset), the most prevalent comorbidities 

were depression (42.7%), anxiety (39.0%), allergies (37.4%), hypertension (30.2%), migraine 
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(28.1%), high cholesterol (23.5%) and osteoarthritis (23.3%). The comorbidities with the 

highest change in prevalence from symptom onset to the time of study were depression 

(+26.7%), anxiety (+23.1%), hypertension (+21.9%), osteoarthritis (+17.1%), high cholesterol 

(+16.3%), eye diseases (+11.6%), osteoporosis (+10.9%) and cancer (+10.3%). 

Table 3.2. Prevalence of comorbidities of people with MS between symptom onset and at 

the time of study  

Comorbidity 

At symptom onset  At the time of study  Absolute 

change 

(%) a 
Total 

cases 

Prevalence 

(%) 

Total 

cases  

Prevalence 

(%) 

Depression 240 15.8 648 42.7 26.9 

Anxiety 242 15.9 592 39.0 23.1 

Allergies 443 29.2 568 37.4 8.2 

Hypertension 126 8.3 458 30.2 21.9 

Migraine 307 20.2 426 28.1 7.8 

High cholesterol 109 7.2 357 23.5 16.3 

Osteoarthritis 93 6.1 353 23.3 17.1 

Eye diseases 41 2.7 217 14.3 11.6 

Cancer 55 3.6 211 13.9 10.3 

Anaemia 110 7.2 202 13.3 6.1 

Osteoporosis 26 1.7 192 12.6 10.9 

Psoriasis 80 5.3 137 9.0 3.8 

Hypothyroidism 51 3.4 120 7.9 4.5 

Heart troubles b 26 1.7 105 6.9 5.2 

Type 2 diabetes 7 0.5 74 4.9 4.4 

Other autoimmune 

disorders 
28 1.8 68 4.5 

2.6 

Hyperthyroidism 16 1.1 45 3.0 1.9 

Rheumatoid arthritis 13 0.9 44 2.9 2.0 

Inflammatory bowel 

disease 
18 1.2 39 2.6 

1.4 

Peripheral vascular 

disease 
10 0.7 35 2.3 

1.6 

Stroke 6 0.4 34 2.2 1.8 

Myocardial infarction 4 0.3 30 2.0 1.7 

Epilepsy 12 0.8 26 1.7 0.9 

Coeliac disease 7 0.5 22 1.4 1.0 

Chronic renal disease 4 0.3 20 1.3 1.1 

Bipolar disorder 9 0.6 19 1.3 0.7 
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Systemic lupus 

erythematosus 
5 0.3 16 1.1 

0.7 

Type 1 diabetes 11 0.7 15 1.0 0.3 

Schizophrenia 3 0.2 4 0.3 0.1 

Parkinson's disease 1 0.1 2 0.1 0.1 

 
a Absolute change (%) = prevalence at the time of study minus prevalence at symptom onset; b Heart troubles include 

angina, congestive heart failure and coronary artery disease. Values in bold font indicate >5% absolute change. 

 

3.5.3. Prevalence ratios of comorbidities at the time of the study 

Compared to the general Australian population and after age-and-sex adjustment, PwMS had 

a significantly higher prevalence of most comorbidities (14/19) at the time of study (Figure 

3.1). The associations were strongest for anaemia, cancer (both PR>4.00), anxiety, depression, 

migraine (all PR>3.00), psoriasis and epilepsy (both PR>2.00). The participants were less 

likely to have type 1 diabetes compared to the general Australian population (PR=0.63). 
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3.5.4. Prevalence and Prevalence ratios by MS onset-type  

Compared to progressive-onset MS and after age and sex adjustment, the prevalence of 

comorbidities in people with relapse-onset MS were not significantly different at MS symptom 

onset (Table 3.3). At the time of study and after age adjustment, people with relapse-onset MS 

were significantly more likely to have allergies compared with progressive-onset MS. There 

were no other statistically significant associations. Similarly, compared to the general 

Australian population and after age-and-sex adjustment, the participants had no significant 

differences in prevalence ratios of comorbidities when stratified by MS onset-type at the time 

of study (Table 3.4). 

Figure 3.1. Age-and-sex adjusted prevalence ratios of comorbidities of people with MS 

compared to the general Australian populationa at the time of study 

a Based on National Health Survey 2014-15 of the Australian Bureau of Statistics (> 18 years old).  

Gastrointestinal disorders include inflammatory bowel disease and coeliac disease.  

Heart disease, stroke and vascular disease include heart trouble (angina, congestive heart failure, coronary artery 

disease), myocardial infarction, stroke, cerebrovascular disease and peripheral vascular diseases.  

Thyroid disorders include hypothyroidism, hyperthyroidism and other thyroid disorders.  

Other psychiatric disorders include bipolar disease, schizophrenia except depression and anxiety. 
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Table 3.3. Prevalence of comorbidities in people with relapse-onset MS compared to progressive-onset MS, with prevalence ratios calculated for 

comorbidities with >10 people 

Comorbidity 

At MS symptom onset 
 

At the time of study 

Total, n (%) 
 

PRb (95% CI) Total, n (%) 

 

PRb (95% CI) 

Relapse-

onset 

(n=1,029) 

Progressive

-onset 
(n=134) 

Crude 
Age and sex 

adjusted 

Relapse-

onset 

(n=1,101) 

Progressive

-onset 

(n=147) 
Crude 

Age and sex 

adjusted 

Depression 170 (16.5) 22 (16.4) 0.99 (0.64-1.55) 0.99 (0.61-1.62) 469 (42.6) 58 (39.5) 0.93 (0.71-1.22) 0.97 (0.73-1.29) 

Anxiety 177 (17.2) 25 (18.7) 1.08 (0.71-1.65) 0.88 (0.55-1.39) 419 (38.1) 60 (40.1) 1.07 (0.82-1.41) 0.82 (0.62-1.09) 

Allergy 349 (33.9) 34 (25.4) 0.75 (0.53-1.06) 1.32 (0.91-1.93) 445 (40.4) 39 (26.5) 0.66 (0.47-0.91) 1.51 (1.07-2.14) 

Hypertension 94 (9.1) 13 (9.7) 1.06 (0.59-1.90) 0.65 (0.39-1.10) 338 (30.7) 47 (32.0) 1.04 (0.77-1.41) 1.20 (0.87-1.65) 

Migraine 227 (22.1) 25 (18.7) 0.85 (0.56-1.30) 1.11 (0.70-1.76) 322 (29.3) 30 (20.4) 1.25 (0.95-1.64) 1.18 (0.80-1.74) 

High cholesterol 77 (7.5) 14 (10.5) 1.40 (0.79-2.47) 1.36 (0.68-2.72) 254 (23.1) 47 (32.0) 1.39 (1.02-1.89) 0.93 (0.67-1.29) 

Osteoarthritis 66 (6.4) 13 (9.7) 1.51 (0.83-2.74) 0.95 (0.48-1.87) 258 (23.4) 39 (26.5) 1.13 (0.81-1.59) 1.04 (0.73-1.47) 

Eye diseases 26 (2.5) 8 (6.0) - - 154 (14.0) 33(22.5) 1.61 (1.10-2.34) 0.91 (0.61-1.35) 

Cancer 38 (3.7) 7 (5.2) - - 151 (13.7) 24 (16.3) 1.19 (0.77-1.83) 0.97 (0.62-1.53) 

Anaemia 82 (8.0) 8 (6.0) - - 151 (13.7) 14 (9.5) 0.69 (0.40-1.20) 1.45 (0.81-2.59) 

Osteoporosis 17 (1.7) 4 (3.0) - - 129 (11.7) 26 (17.7) 1.51 (1.01-2.30) 0.84 (0.54-1.29) 

Psoriasis 64 (6.2) 7 (5.2) - - 103 (9.4) 13 (8.8) 0.95 (0.53-1.68) 1.02 (0.56-1.86) 

Hypothyroidism 39 (3.8) 5 (3.7) - - 91 (8.3) 9 (6.1) - - 

Heart troublesa 19(1.9) 5 (3.7) - - 73 (6.6) 17 (11.6) 1.74 (1.03-2.96) 0.98 (0.56-1.72) 

Type 2 diabetes 4 (1.1) 3 (2.2) - - 52 (4.7) 9 (6.1) - - 

Other autoimmune 

disorders 
19 (1.9) 2 (1.5) 

- - 
53 (4.8) 4 (3.0) 

- - 
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Hyperthyroidism 11 (1.1) 2 (1.5) - - 32 (2.9) 4 (3.0) - - 

Rheumatoid arthritis 10 (1.0) 2 (1.5) - - 30 (2.7) 7 (4.8) - - 

Inflammatory bowel 

disease 
13 (1.3) 3 (2.2) - 

- 
34 (3.1) 3 (2.1) 

- - 

Peripheral vascular 

disease 
7 (0.7) 2 (1.5) 

- - 
26 (2.4) 5 (3.4) 

- - 

Stroke 6 (0.6) 0 (0.0) - - 25 (2.3) 4 (3.0) - - 

Myocardial 

infarction 
2 (0.2) 2 (1.5) 

- - 
18 (1.6) 7 (4.8) 

- - 

Epilepsy 8 (0.8) 2 (1.5) - - 19 (1.7) 3 (2.0) - - 

Coeliac disease 6 (0.6) 0 (0.0) - - 16 (1.5) 2 (1.4) - - 

Chronic renal 

disease 
4 (0.4) 0 (0.0) 

- - 
18 (1.6) 1 (0.7) 

- - 

Bipolar disorder 3 (0.3) 1 (0.1) - - 12 (0.1) 2 (1.4) - - 

Systemic lupus 

erythematosus 
5 (0.5) 0 (0.0) 

- - 
14 (0.3) 2 (1.4) 

- - 

Type 1 diabetes 10 (1.0) 1 (0.1) - - 13 (0.2) 1 (0.7) - - 

Schizophrenia 1 (0.1) 1 (0.1) - - 1 (0.1) 2 (1.4) - - 

Parkinson's disease 0 (0.0) 0 (0.0) - - 1 (0.1) 0 (0.0) - - 

 
Abbreviations: PR = Prevalence ratio; 95% CI = 95% confidence interval 
a Heart troubles include angina, congestive heart failure and coronary artery disease. 
b Analysis was only performed for comorbidities with at least 10 participant counts. 

Values in bold font denote statistical significance at 95% confidence interval (CI).  
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Table 3.4. Prevalence ratio (PR) of comorbidities based on the onset-types of people with MS compared to the general Australian populationa 

at the time of study 

Comorbidity 

Relapse-onset MS 

 

Progressive-onset MS  

p-value for 

interactiong Crude PR (95% CI)f 

Age and Sex adjusted 

PR 

(95% CI)f 

Crude PR (95% CI)f 

Age and Sex adjusted 

PR 

(95% CI)f 

Anaemia 6.41 (5.47-7.52) 5.06 (4.31-5.94) 4.45 (2.64-7.52) 5.20 (3.02-8.95) 0.08 

Cancer 6.05 (5.16-7.10) 4.48 (3.81-5.27) 7.21 (4.83-10.75) 3.87 (2.57-5.83) 0.47 

Depression 3.89 (3.55-4.26) 3.15 (2.88-3.45) 3.60 (2.79-4.66) 3.20 (2.47-4.13) 0.72 

Anxiety 3.56 (3.24-3.92) 3.13 (2.84-3.44) 3.82 (2.97-4.92) 3.80 (2.95-4.91) 0.47 

Migraine 3.80 (3.40-4.24) 3.09 (2.77-3.45) 2.65 (1.85-3.79) 2.90 (2.02-4.18) 0.20 

Psoriasis 2.84 (2.34-3.45) 2.45 (2.01-2.98) 2.69 (1.56-4.63) 2.29 (1.33-3.94) 0.88 

Epilepsy 2.58 (1.65-4.05) 2.29 (1.46-3.58) 3.06 (0.98-9.48) 3.04 (0.98-9.42) - 

Gastrointestinal disordersb 2.66 (2.00-3.54) 2.09 (1.57-2.79) 2.12 (0.88-5.09) 1.81 (0.75-4.34) - 

High cholesterol  2.52 (2.23-2.85) 1.79 (1.58-2.02) 3.50 (2.63-4.65) 1.77 (1.32-2.36) 0.78 

Hypertension 2.10 (1.89-2.33) 1.57 (1.41-1.75) 2.19 (1.64-2.91) 1.11 (0.83-1.48) 0.06 

Osteoporosis 2.61 (2.19-3.10) 1.45 (1.21-1.72) 3.94 (2.68-5.78) 1.96 (1.34-2.88) 0.80 

Heart disease, stroke and 

vascular diseasesc 
1.59 (1.33-1.90) 1.36 (1.13-1.63) 2.12 (1.47-3.40) 1.17 (0.77-1.17) 0.73 

Thyroid disordersd 2.35 (1.97-2.82) 1.28 (1.06-1.53) 1.64 (0.91-2.97) 1.03 (0.57-1.85) 0.13 

Osteoarthritis 2.00 (1.77-2.26) 1.17 (1.04-1.32) 2.27 (1.66-3.10) 1.07 (0.78-1.48) 0.22 

Type 1 diabetes mellitus 1.50 (0.87-2.58) 1.17 (0.68-2.01) 0.86 (0.12-6.11) 0.56 (0.08-3.97) - 

Chronic renal disease 1.48 (0.93-2.35) 1.13 (0.71-1.80) 0.62 (0.09-4.38) 0.36 (0.05-2.56) - 

Other psychiatric disorderse 1.21 (0.70-2.09) 0.90 (0.52-1.55) 2.80 (1.05-7.45) 2.61 (0.98-6.95) - 

Rheumatoid arthritis 1.18 (0.83-1.69) 0.79 (0.55-1.14) 2.06 (0.98-4.33) 1.13 (0.54-2.36) - 

Type 2 diabetes mellitus 0.84 (0.64-1.10) 0.63 (0.48-0.83) 1.08 (0.56-2.08) 0.56 (0.29-1.07) - 
 

a Based on National Health Survey 2014-15 of the Australian Bureau of Statistics (> 18 years old); b Includes inflammatory bowel disease and coeliac disease; c Includes heart trouble 

(angina, congestive heart failure, coronary artery disease), myocardial infarction, stroke, cerebrovascular disease and peripheral vascular diseases;  d Includes hypothyroidism, 

hyperthyroidism and other thyroid disorders; e Includes bipolar disease, schizophrenia except depression and anxiety; f 95% CI = 95% confidence interval;  g p-values for MS onset 

type interaction were only calculated for comorbidities with 10 or more participant counts.  Values in bold font denote statistical significance at 95% confidence interval (CI). 
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3.6.  Discussion 

The present study comprehensively examined the changes in the prevalence of a wide range of 

comorbidities between symptom onset and at the time of study using a large sample of 

Australians with MS and determined the effects of MS onset-types on the prevalence of their 

comorbidities. In this MS cohort, comorbidities were already prevalent at MS symptom onset, 

but the prevalence was substantially higher a mean of 20.5 years after symptom onset. At this 

time, 14 out of 19 comorbidities were significantly more common in PwMS compared to the 

general population. Having MS may contribute to the risk of accrual of comorbidities or there 

may be shared pathogeneses and/or risk factors between MS and other diseases. Regardless of 

the reason, these findings suggest that early identification of comorbidities and minimising the 

development of new comorbidities throughout the disease process is an important 

consideration in the management of people with MS. The lack of significant differences by MS 

onset-type suggests that the management and screening for comorbidities is equally important 

in both onset-types.  

Mental health and physical comorbidities were already prevalent at the time of onset (65.3% 

with >1 comorbidity), with the most common comorbidities being allergies (29.2%), migraine 

(20.2%), anxiety (15.9%), depression (15.8%), hypertension (8.3%), high cholesterol (7.2%) 

and anaemia (7.2%). A high prevalence of comorbidities is consistent with previous literature 

13, 27, and is associated with a longer time to diagnosis, higher disability level at MS diagnosis 

and faster disability progression over time 3. It is therefore important that clinicians are aware 

of the presence of any of these comorbidities at the diagnosis of a first demyelinating event and 

treat the patient holistically with these comorbidities in mind. They may also consider 

screening for (additional) comorbidities or the risk factors of comorbidities as soon as practical. 
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Useful documents to guide clinicians on screening and management practices include the 

National Institute for Health and Care Excellence (NICE) guidelines on multimorbidity 28 and 

a Clinical Resource Guide on comorbidities in Multiple Sclerosis 29.  

At a mean of 20.5 years post-symptom onset, the prevalence of comorbidities increased, with 

90% of the participants having at least one comorbidity. The largest increases in prevalence 

were seen for depression (+26.9%), anxiety (+23.1%), hypertension (+21.9%), osteoarthritis 

(+17.1%), high cholesterol (+16.3%), eye diseases (+11.6%), osteoporosis (+10.9%) and 

cancer (+10.3%). Importantly, 14/19 comorbidities were more common in PwMS than in the 

general population, with the strongest effect sizes for anaemia, cancer, anxiety, depression, 

migraine, psoriasis and epilepsy.  As these comorbidities contribute to a poorer MS prognosis 

3, 30, and substantially lower quality of life 31, it is pertinent to try to prevent the development 

of these comorbidities. This could be achieved by optimising the lifestyle of PwMS where 

possible and evaluating drug choices that may put them at an additional risk of comorbidities. 

Further, clinicians may consider assessing comorbidity risk factors and screen for new 

comorbidities throughout the disease course. Also, optimal management of MS and 

comorbidities that focuses on an improvement or maintenance of daily function and quality of 

life is likely to have positive impacts on healthy lifestyle behaviours 30. In Australia, MS Nurses 

play an important role in educating PwMS around the management of symptoms and relapses, 

healthy lifestyle behaviour, and other aspects of overall wellbeing. The MS Brain Health 

project also contain useful resources for clinicians, MS Nurses and PwMS 32.  

There are several explanations for why many comorbidities may be prevalent at MS symptom 

onset. First, the comorbidity may be a preclinical symptom of MS. For instance, the high 

prevalence of depression and anxiety at MS symptom onset has been previously observed in 
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PwMS, suggesting that these symptoms could be among the first clinical signs of MS resulted 

from immunological and inflammatory changes in the brain 33.  Second, a comorbidity and MS 

may have overlapping pathogeneses. For example, migraine could be contributing to MS by 

changing cytokine expressions or increasing blood brain barrier permeability thereby 

predisposing the individual to having an autoimmune reaction and potentially accelerating 

demyelination in the central nervous system 34. Last, a comorbidity and MS may share some 

of the same risk factors.  For example, anaemia and MS are both common in young adult 

women 35, and the prevalence of psoriasis has been shown to be higher with increasing distance 

from the equator, potentially indicating that low ultraviolet radiation exposure may be a shared 

risk factor 36.  

With the prevalence of most comorbidities substantially higher at the time of study and the 

prevalence for many significantly higher than the general population, the accumulation of 

comorbidities seems to be beyond normal aging. There may be several reasons for this. First, 

having MS changes lifestyle behaviours. For example, the physical activity levels of PwMS 

are on average one standard deviation lower than the general population 37, which may 

contribute to an increased risk in dyslipidaemia, vascular comorbidities 38, 39 and osteoporosis 

40. Second, the use of DMTs in people with MS may be associated with an increased risk of 

developing or worsening of existing comorbidities. For example, fingolimod is contraindicated 

for PwMS who had recent cardiovascular problems such as hypertension and 

hypercholesterolemia 41, while others reported hypertension after natalizumab infusions 42. 

Likewise, hypertension is  reported in 10% and 4.3% of PwMS treated with glatiramer acetate 

and teriflunomide, respectively 42. Further, interferons are associated with developing 

depression 43 and worsening of headache in more than 50% of people with MS with pre-existing 

headache 44. It is also important to note that in most cases and as part of clinical practice, the 
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development or worsening of these comorbidities usually result in a change in DMT to mitigate 

the risk and the long-term effects of these DMTs on comorbidity burden. Last, MS and 

comorbidities may have shared risk factors or pathologies that put PwMS at higher risk of 

accumulating comorbidities. For example, the association between MS and cancer, epilepsy, 

stomach or thyroid disorders is thought to be a reflection of common genetic, disease or 

environmental risk factors 13, 45.  

We did not identify any differences by MS onset-type. We and others have previously shown 

that people with progressive-onset MS are worse off in terms of patient-reported clinical 

outcomes 46 and disability progression 47 compared to people with relapse-onset MS. However, 

our data do not show that people with progressive-onset MS have a higher prevalence at onset 

or time of study compared to those with relapsing-onset MS, or that the prevalence ratio of 

comorbidities compared to the general population differed by MS onset type. We were not able 

to make comparisons for comorbidities that were not sufficiently prevalent in the progressive-

onset MS cohort. Despite that, our data seem to suggest that screening and management for 

comorbidities in PwMS does not need to differ by onset-type.  

A key strength of our study is that it is population-based and has been shown to be a 

representative of the MS population 21. Despite that, some selection bias may have occurred as 

only half of the invited active AMSLS participants responded to the survey. Those who 

participated were slightly older, which should not have affected our prevalence ratio estimates 

since our data were age-adjusted but could have increased the prevalence estimates somewhat. 

Another strength was that we estimated the prevalence at two important time points using the 

same MS cohort. We also included a wide range of comorbidities rather than mainly focusing 

on some comorbidity groups as in the previous studies 48, 49. A limitation is that the 
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comorbidities were self-reported, which may have resulted in recall bias or some 

misclassification or measurement error, specifically for comorbidities at MS symptom onset. 

Further, ascertainment bias may have occurred, as some comorbidities may be more or less 

frequently diagnosed after MS symptom onset because PwMS regularly see a neurologist or 

other healthcare professionals. This may have been a contributing factor to the high prevalence 

ratios seen for migraines, epilepsy, depression and anxiety (detection bias) or low prevalence 

ratios for heart disease, stroke and vascular diseases due to more prevention opportunities after 

diagnosis (surveillance bias). Also, although we adjusted for age and sex, there may be other 

confounders such as education, ethnicity, income or treatment methods that were not 

considered and could have impacted the prevalence ratio estimates. Lastly, given we did not 

have individual level data of the 2014-15 NHS, we were not able to exclude PwMS in the 2014-

15 NHS. However, it would have only included approximately 20 people with MS out of the 

19,259 NHS participants, based on 2017 MS prevalence estimates 50.   

Comorbidities are already prevalent in the early stages of MS and having MS may also 

contribute to accrual of comorbidities. Our findings support the need for optimal screening, 

prevention of and managing comorbidities from early MS independent of onset type and 

continuously throughout the disease course as this has the potential to make an impact on the 

overall MS outcomes.  

3.7. Postscript 

This chapter identified a substantial increase in the prevalence of comorbidities between 

symptom onset and the time of study and no significant differences were seen by MS onset-

types. The next chapter will investigate the relative contribution of comorbidities in predicting 

the HRQoL of people with MS. 
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Chapter 4 

Estimating the relative contribution of comorbidities in 

predicting health-related quality of life of people with 

multiple sclerosis 

 

4.1. Preface 

In this chapter, we addressed the following aims: a) Examine associations between the number 

of comorbidities and HRQoL; b) Estimate the relative contribution of groups of comorbidities 

in predicting HRQoL; and c) Determine the magnitude of the effects of individual 

comorbidities on HRQoL. This chapter has been published in the Journal of Neurology. The 

typeset version of the manuscript as it appeared in the journal is in Appendix 4.A. The text of 

this chapter is the same as the published version.  

4.2. Abstract 

Background: Little is known about the relative contribution of comorbidities in predicting the 

health-related quality of life (HRQoL) of people with Multiple Sclerosis (PwMS).  

Objective: To determine the associations between the number of and individual comorbidities 

and HRQoL and estimate the relative contribution of different comorbidities on HRQoL. 

Methods: Cross-sectional analysis of data on self-reported presence of 30 comorbidities and 

HRQoL from the Australian MS Longitudinal Study (AMSLS) participants(n=902). HRQoL 

was measured using the Assessment of Quality of Life-8 Dimensions (AQoL-8D). Linear 

regression and general dominance analysis were used. 
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Results: Higher number of comorbidities was associated with lower HRQoL (p-trend p<0.01). 

Comorbidities accounted for 18.1% of the variance in HRQoL. Mental health and 

musculoskeletal disorders were the strongest contributors to lower HRQoL. Of individual 

comorbidities, systemic lupus erythematosus (SLE) (β=-0.16 (-0.27,-0.05)) and depression 

(β=-0.15 (-0.18,-0.13)) were most strongly associated with overall HRQoL, depression (β=-

0.14 (-0.16,-0.11)) and anxiety (β=-0.10 (-0.13,-0.07)) with psychosocial HRQoL, and SLE 

(β=-0.18 (-0.29,-0.07)),  rheumatoid arthritis (β=-0.11 (-0.19,-0.02)) and hyperthyroidism (β=-

0.11 (-0.19,-0.03)) with physical HRQoL.  

Conclusions: Comorbidities potentially make important contributions to HRQoL in PwMS. 

Our findings highlight groups of and individual comorbidities that could provide the largest 

benefits for the HRQoL of PwMS if they were targeted for prevention, early detection, and 

optimal treatment. 

4.3. Introduction 

One facet of Multiple Sclerosis (MS) management that has garnered significant research 

interest is enhancing the overall health-related quality of life (HRQoL) of people with MS 

(PwMS). HRQoL is a subjective concept capturing overall well-being and is defined by the 

World Health Organization as the“individual’s perception of their position in life in the context 

of the culture and value systems in which they live and in relation to their goals, expectations, 

standards and concerns” [1]. Specifically, the MS International Federation describes the 

HRQoL of PwMS as multifaceted, highly interchangeable but very personal and influenced by 

many factors such as the environment, and various social circumstances [2]. In MS, previous 

studies have already identified that age, sex, socio-economic status, disability progression, 

symptoms and other disease features can lower the HRQoL of PwMS [3-6]. 
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PwMS are more likely to acquire comorbidities and have a lower HRQoL compared to the 

general population and to those with other chronic conditions [7,8]. Identifying the groups of 

or individual comorbidities that are associated with the largest reductions in HRQoL of PwMS 

could influence the recommendations around comorbidity screening and management. 

However, knowledge on the relative contribution of comorbidities as predictors of HRQoL in 

MS is very limited. Most studies have focussed on the total burden of comorbidities or only 

examined the associations between a small number of individual comorbidities and physical or 

mental HRQoL [5,4,7,9-11]. No studies have investigated the relative contribution of 

comorbidities to the HRQoL of PwMS.   

Using the comorbidity data of the Australian MS Longitudinal Study (AMSLS) participants, 

we aimed to (a) examine associations between the number of comorbidities and HRQoL; (b) 

estimate the relative contribution of groups of comorbidities in predicting HRQoL and; (c) 

determine the magnitude of the effects of individual comorbidities on HRQoL.  

4.4. Methods 

4.4.1. Study population 

The AMSLS is a large sample of around 3,000 adult Australian volunteers with MS [12]. An 

estimated 96% of the participants were diagnosed by a neurologist with definite MS using the 

McDonald Criteria [13,14]. It is an ongoing survey-based research project supported by MS 

societies in all Australian states and territories. Ethical approval was initially given by the 

Australian Capital Territory Health Human Research Ethics Committee (HREC) and by the 

Tasmanian Health and Medical HREC when the study centre was relocated to Tasmania in 

2014 [12].   All participants provided informed consent. 
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In 2016, active AMSLS participants were invited to complete 3 surveys. To assess 

comorbidities, we used the Lifestyle and Environment Survey ((August-October 2016); 3,112 

invitations sent; 1,518 (49%; 1,067 online and 451 paper) responded). To obtain clinical 

information, we used the Medication and Disease Course Survey ((November 2016-March 

2017); 3,098 invitations sent; 1,699 (55%; 1,282 online and 417 paper) responded). To assess 

HRQoL, we used the Economic Impact Baseline Survey ((March-May 2016); 3,163 invitations 

sent; 1,577 (50%; 1,112 online and 465 paper) responded). We included those who completed 

all three surveys (N=902).  

4.4.2. Measurements 

4.4.2.1. Comorbidities 

The participants were asked about the presence of 30 comorbidities that were frequently 

reported in prior comorbidity studies in MS [15-17]. For each comorbidity, we asked “Do you 

have or have you had this condition?” (Yes/No). If yes, the participant was coded as having 

that comorbidity. We subsequently asked “Was it diagnosed by a doctor?” (Yes/No/Don’t 

know). If yes, the participant was coded as having that doctor-diagnosed comorbidity. The 

“Don’t know” group was combined with the “No” group.  The total comorbidities (i.e. any 

comorbidity the patient reported having) and doctor-diagnosed comorbidities (i.e. any 

comorbidity the patient reported as diagnosed by a doctor) were counted. The comorbidities 

were grouped according to the 263 blocks (disease categories) in the International 

Classification of Diseases–10th revision (ICD-10) structure. Because of power considerations, 

only those comorbidities reported by at least 10 participants were assessed for their influence 

on HRQoL which excluded Parkinson’s disease, bipolar disorder, and schizophrenia. The 

complete list of the 27 included individual comorbidities and the 13 comorbidity groups to 

which they belong are shown in Table 4.1. 
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4.4.2.2. HRQoL 

We assessed HRQoL using the Assessment of Quality of Life-8 Dimensions (AQoL-8D) 

questionnaire, a comprehensive HRQoL instrument that describes billions of health states (2.4 

x 1023) and has 35 items with 2 super-dimensions and 8 domains (psychosocial super-

dimension (domains of happiness, coping, relationships, self-worth, and mental health) and 

physical super-dimension (domains of independent living, senses and pain)) [18]. The AQoL-

8D has been validated for use for people with complex and chronic conditions like MS and 

only takes around 5 minutes to complete [19,20]. Scores range from 0 (death/worst health state) 

to 1 (perfect health).  

4.4.2.3. Other measures 

MS duration was calculated by subtracting years since MS diagnosis from the survey date. 

Body mass index (BMI) was calculated by dividing self-reported weight (in kilograms) by 

height2 (in centimetres).  Data on sex, disease modifying therapy status, MS onset-type (i.e. 

relapse-onset and progressive-onset) and education attainment were also obtained from the 

2016 Medication and Disease Course Survey.  

4.4.3. Statistical analysis 

We used descriptive statistics to summarize participant characteristics. To ascertain the 

generalisability across the sample, we compared the characteristics of the included vs not-

included participants by performing student t-test and 2 test. Associations between the number 

of comorbidities and AQoL-8D was evaluated using linear regression. A dose-response was 

assessed using a test-for-trend. We then performed a multivariable regression analysis by 

including all the comorbidity groups as predictor variables in the model and determined the 

association of each comorbidity groups on the overall AQoL-8D. Since a certain degree of 

correlation exists between the predictors in the model, we carried out general dominance 
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analysis (domin package in Stata) to determine the relative contribution (%) each of the 

predictors made to the overall AQoL-8D [21,22]. Dominance analysis provides an intuitive 

measure of predictor importance in two ways: 1) it uses the change in model fit (i.e., R2) to 

determine the contribution of each predictor, and 2) it compares predictor contributions across 

all possible subset models from a given set of predictors [23,24]. Results were presented as 

general dominance weights, standardized to be out of 100%, to provide a ranking and weighting 

for each predictor in the model [23]. We further examined the association of individual 

comorbidities and overall AQoL-8D by linear regression. We used those with no comorbidity 

as the reference group. Potential confounders were identified by using causal diagrams and by 

examining whether the coefficient of each outcome (i.e. AQoL-8D) variable was altered by 

more than 10% when a covariate (i.e. age, sex, MS duration, MS onset-type (relapse-onset vs. 

progressive-onset) and education attainment) was added to the model [25,26]. We repeated all 

the analyses above for AQoL-8D’s physical and psychosocial super-dimensions. We 

performed sensitivity analyses by limiting to doctor-diagnosed comorbidities. For 

musculoskeletal disorders, we were concerned that the impact was driven by the systemic 

component of rheumatoid arthritis and SLE. We therefore repeated the analysis excluding these 

comorbidities. We performed regression diagnostics and examined residual errors for all 

models, but no transformations were needed. All analyses were performed using STATA/IC 

for Windows (version 15.0; StataCorp LP, College Station, Texas, USA).  

4.5. Results  

4.5.1. Prevalence of comorbidities 

Of the total cohort, 91.1% (n=817) of participants had > one comorbidity. The most prevalent 

mental health comorbidities were depression (41.2%) and anxiety (38.1%) (Table 4.1). 

Common physical comorbidities included allergies (37.4%), hypertension (29.9%), migraine 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related quality of life 

of people with multiple sclerosis  



110 | P a g e  

 

(26.9%), high cholesterol (24.1%), osteoarthritis (22.2%), eye diseases (15.0%), cancer (14.6%) 

and osteoporosis (13.8%) (Table 4.1).  

Table 4.1.  The prevalence of total and doctor-diagnosed comorbidities of the 

AMSLSa participants (N = 902) 

Comorbidities 
Total comorbiditiesb,  

n (%) 

Doctor-diagnosed 

comorbiditiesc,  

n (%) 

Mental health disorders   

      Depression 372 (41.2) 303 (33.6) 

      Anxiety 344 (38.1) 197 (21.8) 

Musculoskeletal disorders   

      Osteoporosis 124 (13.8) 119 (13.2) 

      Osteoarthritis 200 (22.2) 182 (20.2) 

      Rheumatoid arthritis 22 (2.4) 18 (2.0) 

      Systemic lupus 

erythematosus 
14 (1.6) 13 (1.4) 

Endocrine and Metabolic 

diseases 
  

      High cholesterol 217 (24.1) 214 (23.7) 

      Type 1 diabetes 11 (1.2) 11 (1.2) 

      Type 2 diabetes 47 (5.2) 46 (5.1) 

      Hyperthyroidism 27 (3.0) 26 (2.9) 

      Hypothyroidism 72 (8.0) 70 (7.8) 

Diseases of the nervous system   

      Epilepsy 12 (1.3) 8 (0.9) 

      Migraine 243 (26.9) 152 (16.9) 

Diseases of the circulatory 

system 
  

      Hypertension 270 (29.9) 268 (29.7) 

      Heart diseases 59 (6.5) 57 (6.3) 

      Myocardial infarction 17 (1.9) 16 (1.8) 

      Stroke 22 (2.4) 21 (2.3) 

      Peripheral vascular disease 24 (2.7) 24 (2.7) 

Diseases of the digestive system   

      Inflammatory bowel disease 26 (2.9) 25 (2.8) 

      Coeliac disease 13 (1.4) 10 (1.1) 

Eye diseases 135 (15.0) 125 (13.9) 

Allergies 337 (37.4) 257 (28.5) 

Other autoimmune diseases 38 (4.2) 35 (3.9) 

Diseases of the skin   

       Psoriasis 78 (8.7) 61 (6.8) 

Diseases of the blood   

       Anaemia 108 (12.0) 103 (11.4) 
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4.5.2. Participant characteristics 

Participants were predominantly female (78.6%) and had a mean age of 55.8 years (Table 4.2). 

The average MS duration since diagnosis was 15.4 years, most had relapse-onset MS (87.4%), 

62.6% were currently receiving disease modifying therapy and 42.2% had normal BMI (as 

defined by BMI=18.5 to 25.0).  

The participants included in this analysis had a similar sex distribution (78.6% females vs. 

78.7%, p = 0.95) to participants who were not included. Included participants were slightly 

older (+1.80 years, p<0.01), had longer MS duration (+1.20 years p<0.01) and higher education 

attainment (39% with university degree or higher vs 33%, p=0.01).  

Table 4.2.  Characteristics of the AMSLSa participants 

Characteristic 
Study sample 

(N = 902) 

Age (years), mean (SD) 55.8 (11.4) 

Years since MS diagnosis, mean (SD) 15.4 (9.3) 

Female, n (%) 709 (78.6) 

Currently on Disease Modifying Therapy, n (%) 565 (62.6) 

MS onset-typeb, n (%)  

        Relapse-onset Multiple Sclerosisc 661 (87.4) 

        Progressive-onset Multiple Sclerosisd 95 (12.6) 

Education attainment, n (%)  

       Secondary school or less 298 (33.3) 

Neoplasms   

       Cancer 132 (14.6) 130 (14.4) 

Diseases of the genito-urinary 

system 
  

       Chronic renal disease 12 (1.3) 12 (1.3) 

 

a Australian MS Longitudinal Study; b Total comorbidities refer to any comorbidity the participant reported 

having; c Doctor-diagnosed comorbidities refer to any comorbidity the patient reported as diagnosed by a 

doctor. 
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      Occupational certificate/Diploma  249 (27.8) 

      University degree and higher 348 (38.9) 

Body mass indexe (kg/m2), n (%)  

      Normal (BMI = 18.5 to 25) 368 (42.2) 

      Overweight (BMI = 25 to 30) 279 (32.0) 

      Obese (BMI = 30 and over) 226 (25.9) 

AQoL-8D’s psychosocial super-dimension scoref, mean (SD) 0.34 (0.19) 

AQoL-8D’s physical super-dimension scoref, mean (SD) 0.58 (0.22) 

Overall AQoL-8D scoref, mean (SD) 0.62 (0.21) 

 
aAustralian MS Longitudinal Study; b Excluded those who ticked “unsure” (n = 103) and those who did not 

specify their MS onset type (n = 43);  c Includes relapsing remitting multiple sclerosis and secondary progressive 

multiple sclerosis; d Includes primary progressive multiple sclerosis and progressive relapsing multiple sclerosis; 

e Body mass index (BMI) was  calculated by dividing self-reported weight (in kilograms) by height2 (in 

centimetres); fAQoL-8D ranged from 0 (death/worst health state) to 1 (perfect health). 

 

4.5.3. Association between the number of comorbidities and AQoL-8D 

A higher number of comorbidities was associated with lower overall AQoL-8D and AQoL-

8D’s physical and psychosocial super-dimensions with a clear dose-response relationship 

(Table 4.3), which persisted after adjusting for age, sex and education attainment.  We found 

no significant interactions between number of comorbidities and MS onset-type or sex for both 

total and doctor-diagnosed comorbidities (data not shown).  
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Table 4.3. Associations between the number of comorbidities and the overall AQoL-8D, AQoL-8D’s psychosocial and physical super-

dimensions 

                                    Overall AQoL-8D 

 

AQoL-8D’s 

psychosocial super-

dimension 
 

AQoL-8D’s physical 

super-dimension 

 
Number of 

comorbidities 
n (%) 

Predicted Mean 

(95% CI) 

Unadjusted 

coefficients        

(95% CI) 

Adjusted 

coefficients          

(95% CI)a 

Adjusted 

coefficients          

(95% CI)a 

Adjusted coefficients          

(95% CI)a 

Total comorbiditiesb 

 0 81 (8.98) 0.73 (0.69, 0.77) Reference 

 1 122 (13.53) 0.71 (0.68, 0.75) -0.02 (-0.07, 0.04) -0.02 (-0.08, 0.04)  -0.02 (-0.08, 0.03)  -0.03 (-0.08, 0.03) 

 2-3 329 (36.47) 0.65 (0.62, 0.67) -0.08 (-0.13, -0.03) -0.09 (-0.14, -0.04) -0.10 (-0.14, -0.05) -0.08 (-0.13, -0.03) 

 
4 or more 370 (41.02) 0.55 (0.53, 0.57) -0.18 (-0.23, -0.13) -0.19 (-0.24, -0.14) -0.17 (-0.21, -0.13) -0.16 (-0.21, -0.11) 

 Trend:   p <0.01 p <0.01 p <0.01 p <0.01 

Doctor-diagnosed comorbiditiesc 

 0 122 (13.53) 0.71 (0.67, 0.75) Reference 

 1 175 (19.40) 0.67 (0.64, 0.71) -0.03 (-0.08, 0.01) -0.04 (-0.09, 0.01)  -0.06 (-0.10, -0.01)  -0.03 (-0.07, 0.02) 

 2-3 325 (36.03) 0.64 (0.61, 0.66) -0.07 (-0.12, -0.03) -0.09 (-0.13, -0.04) -0.09 (-0.13, -0.05) -0.07 (-0.11 -0.03) 

 4 or more 280 (31.04) 0.54 (0.51, 0.56) -0.17 (-0.12, -0.13) -0.19 (-0.23, -0.14) -0.16 (-0.20, -0.12) -0.16 (-0.20, -0.12) 

 Trend:   p <0.01 p <0.01 p <0.01 p <0.01 
 

a The values were adjusted for age, sex and education attainment. Negative coefficients indicate worsening of the health-related quality of life (HRQoL). Values in bold font denote 

statistical significance at 95% confidence interval (CI);  
b Total comorbidities refer to any comorbidity the participant reported having; c Doctor-diagnosed comorbidities refer to any comorbidity the patient reported as diagnosed by a doctor. 

AQoL-8D: Assessment of Quality of Life with eight dimensions. 
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4.5.4. Relative contribution of comorbidity groups to overall AQoL-8D 

All the comorbidity groups (n=13) accounted for 18.1% of the variance in the overall AQoL-

8D variable (Figure 4.1). Using general dominance analysis, we identified that 68.3% of this 

variance was contributed by mental health disorders followed by musculoskeletal disorders 

(12.6%). When rheumatoid arthritis and SLE were excluded from the musculoskeletal disorder 

group, the contribution of this group reduced from 12.6% to 10.8%. When we limited our 

analysis to doctor-diagnosed comorbidities, similar findings were observed (61.5% of the total 

14.7% variance in overall AQoL-8D was contributed by mental health disorders; 12.7% by 

musculoskeletal disorders) (Supplementary Figure 4.1). 

4.5.5. Relative contribution of comorbidity groups to AQoL-8D’s physical and 

psychosocial super-dimensions 

The 13 comorbidity groups together accounted for 17.5% of the variance of the AQoL-8D’s 

psychosocial super-dimension and 12.7% of the variance in AQoL-8D’s physical super-

dimension (Figure 4.1). Mental health disorders contributed 80.9% and 19.7% of the AQoL-

8D’s psychosocial and physical super-dimensions total variance respectively, making this 

group the strongest contributor of psychosocial HRQoL and the second most important 

contributor of physical HRQoL. Musculoskeletal disorders contributed 5.5% and 38.9% of the 

total AQoL-8D’s psychosocial and physical super-dimensions variance, respectively. This 

comorbidity group is the second most important contributor to psychosocial HRQoL and the 

most important contributor to physical HRQoL. Similar patterns were seen with doctor-

diagnosed comorbidities (Supplemental Figure 4.1). 

 

 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related quality of life 

of people with multiple sclerosis  



115 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R2 = 18.09% 

R2 = 17.53% 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related quality of life 

of people with multiple sclerosis  



116 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. The relative contribution (%)a of the 13 comorbidity groupsb based on total 

comorbiditiesc to the overall AQoL-8D (panel A), AQoL-8D’s psychosocial (panel B) and 

physical (panel C) super-dimensions.  

a The values were calculated using general dominance analysis and were obtained from the individual standardized 

weight (out of 100%) of the variance of each comorbidity groups over the total variance of the overall AQoL-8D 

(R2 = 18.09); AQoL-8D’s psychosocial (R2 = 17.53) and physical (R2 = 12.67) super-dimensions of the 

multivariable regression model; b The 13 comorbidity groups were grouped according to the 263 blocks (disease 

categories) in the International Classification of Diseases–10th revision (ICD-10) structure; c Total comorbidities 

refer to any comorbidity the participant reported having. 

AQoL-8D: Assessment of Quality of Life with eight dimensions.  

 

4.5.6. Association between individual comorbidities and overall AQoL-8D 

The mean overall AQoL-8D for PwMS with no reported comorbidities was 0.74 (95% CI: 0.69, 

0.78) after adjusting for age, sex and education attainment (Table 4.4). The comorbidities with 

an effect size greater than the recognised minimum important difference for the AQoL-8D   

R2 = 12.67% 
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(defined as β>0.08)[19] were systemic lupus erythematosus (SLE) (β=-0.16), depression (β=-

0.15), hyperthyroidism (β=-0.12), anxiety (β=-0.11), inflammatory bowel disease (IBD) (β=-

0.10), rheumatoid arthritis (β=-0.09), osteoporosis and type 2 diabetes (β=-0.08). Other 

autoimmune diseases, heart diseases, osteoarthritis, migraine and allergies were also 

significantly associated with a lower AQoL-8D but the effect sizes were lower (β from -0.03 

to -0.07). The effect sizes for doctor-diagnosed comorbidities were similar (Supplementary 

Table 4.1). 

Table 4.4. Associations between total comorbiditiesa and overall AQoL-8D people with MS  

 
Predicted mean  

(95% CI) 

Adjusted coefficients          

 (β, 95% CI)b 

R-

squared 

(%)c 

Total variance of the multiple 

regression model (incl. 13 comorbidity 

groups)  

  18.09 

 

Predicted AQoL-8D of those without 

comorbidities (Reference) 
0.74 (0.69, 0.78)   

Comorbidity groups and individual 

comorbidities 
   

Mental health disorders   12.35 

      Depression 0.58 (0.53, 0.63) -0.15 (-0.18, -0.13)  

      Anxiety 0.63 (0.57, 0.67) -0.11 (-0.14, -0.08)  

Musculoskeletal disorders   2.28 

      Osteoporosis 0.66 (0.60, 0.72) -0.08 (-0.12, -0.04)  

      Osteoarthritis 0.68 (0.63, 0.74) -0.05 (-0.09, -0.02)  

      Rheumatoid arthritis 0.64 (0.54, 0.74) -0.09 (-0.18, -0.01)  

      Systemic lupus erythematosus 0.57 (0.45, 0.69) -0.16 (-0.27, -0.05)  

Endocrine and Metabolic diseases   0.88 

      High cholesterol 0.73 (0.67, 0.78) -0.01 (-0.04, 0.03)  

      Type 1 diabetes 0.64 (0.50, 0.78) -0.09 (-0.22, 0.03)  

      Type 2 diabetes 0.66 (0.58, 0.74) -0.08 (-0.14, -0.01)  

      Hyperthyroidism 0.61 (0.52, 0.70) -0.12 (-0.20, -0.04)  

      Hypothyroidism 0.69 (0.62, 0.76) -0.04 (-0.09, 0.01)  

Diseases of the nervous system   0.73 

      Epilepsy 0.64 (0.51, 0.76) -0.10 (-0.21, 0.02)  

      Migraine 0.69 (0.63, 0.74) -0.05 (-0.08, -0.01)  

Diseases of the circulatory system   0.44 

      Hypertension 0.73 (0.67, 0.78) -0.01 (-0.04, 0.02)  

      Heart diseases 0.68 (0.60, 0.75) -0.06 (-0.12, -0.01)  

      Myocardial infarction 0.74 (0.63, 0.85) 0.00 (-0.09, 0.11)  

      Stroke 0.70 (0.60, 0.80) -0.03 (-0.12, 0.06)  
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      Peripheral vascular disease 0.66 (0.57, 0.76) -0.07 (-0.16, 0.01)  

Diseases of the digestive system   0.35 

      Inflammatory bowel disease 0.63 (0.54, 0.72) -0.10 (-0.18, -0.02)  

      Coeliac disease 0.72 (0.60, 0.84) -0.01 (-0.12, 0.10)  

Eye diseases 0.70 (0.64, 0.76) -0.03 (-0.07, 0.01) 0.31 

Allergies 0.70 (0.65, 0.75) -0.03 (-0.06, -0.01) 0.25 

Other autoimmune diseases 0.66 (0.58, 0.74) -0.07 (-0.14, -0.01) 0.23 

Diseases of the skin   0.18 

       Psoriasis 0.70 (0.63, 0.76) -0.04 (-0.09, 0.01)  

Diseases of the blood   0.04 

       Anaemia 0.72 (0.65, 0.77) -0.02 (-0.06, 0.03)  

Neoplasms   0.02 

       Cancer 0.73 (0.66, 0.78) -0.01 (-0.05, 0.03)  

Diseases of the genito-urinary system   0.02 

       Chronic renal disease 0.67 (0.54, 0.80) -0.07 (-0.19, 0.06)  

 
a Total comorbidities refer to any comorbidity the participant reported having. 
 b Estimated decrease in health-related quality of life that is associated with having the individual comorbidity. The values 

were adjusted for age, sex and education attainment. Bold font indicates statistical significance at 95% confidence interval 

(CI); c The R-squared (%R2) value is the total variance from the multiple regression model and the individual variance 

contributed by each comorbidity group to the to the total variance as obtained from the general dominance analysis. 

AQoL-8D: Assessment of Quality of Life with eight dimensions. 

 

4.5.7. Association between individual comorbidities and AQoL-8D’s physical and 

psychosocial super-dimensions 

The mean AQoL-8D’s psychosocial super-dimension for PwMS with no reported 

comorbidities was 0.45 (95% CI: 0.41,0.49) and their mean AQoL-8D’s physical super-

dimension was 0.68 (95% CI: 0.64,0.72) after adjusting for age, sex and education attainment 

(Table 4.5). The comorbidities that were significantly associated with AQoL-8D’s 

psychosocial super-dimension with β>0.08 were depression (β=-0.14), anxiety (β=-0.10), 

hyperthyroidism (β=-0.09) and IBD (β=-0.08). SLE had an effect size of β=-0.09 but the 

association was not statistically significant. The effect sizes for doctor-diagnosed comorbidities 

were similar, although the effect size of IBD was lower and not significant ((β=-0.07) 

(Supplementary Table 4.2). The comorbidities that were significantly associated with AQoL-

8D’s physical super-dimension with β>0.08 were SLE (β=-0.18), rheumatoid arthritis, 

hyperthyroidism (β=-0.11), depression, IBD and other autoimmune diseases (β=-0.10). 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related quality of life 

of people with multiple sclerosis  



119 | P a g e  

 

Epilepsy and type 1 diabetes had effect sizes of β=-0.11 and β=-0.08, respectively and but the associations were not statistically significant. Again, 

the effect sizes for the doctor-diagnosed comorbidities were similar (Supplementary Table 4.2).   

Table 4.5. Associations between total comorbiditiesa and the AQoL-8D’s psychosocial and physical super-dimensions  

Super-dimensions AQoL-8D’s psychosocial super-dimension AQoL-8D’s physical super-dimension 

 
Predicted mean  

(95% CI) 

Adjusted coefficients 

(β, 95% CI)b 

R-squared 

(%)c 

Predicted mean  

(95% CI) 

Adjusted 

coefficients 

(β, 95% CI)b 

R-

squared 

(%)c 

Total variance of the multiple 

regression model (incl. 13 

comorbidity groups)  

  17.53   12.67 

 

Predicted AQoL-8D of those 

without comorbidities (Reference) 
0.45 (0.41, 0.49)   0.68 (0.64, 0.72)   

Comorbidity groups and 

individual comorbidities 
      

Mental health disorders   14.18   2.50 

      Depression 0.30 (0.26, 0.35) -0.14 (-0.16, -0.11)  0.58 (0.53, 0.63) -0.10 (-0.12, -0.07)  

      Anxiety 0.34 (0.29, 0.39) -0.10 (-0.13, -0.07)  0.62 (0.56, 0.67) -0.06 (-0.09, -0.03)  

Musculoskeletal disorders   0.96   4.93 

      Osteoporosis 0.39 (0.33, 0.44) -0.06 (-0.10, -0.02)  0.62 (0.56, 0.68) -0.06 (-0.10, -0.02)  

      Osteoarthritis 0.42 (0.37, 0.47) -0.03 (-0.06, 0.01)  0.61 (0.56, 0.67) -0.07 (-0.10, -0.04)  

      Rheumatoid arthritis 0.40 (0.31, 0.49) -0.05 (-0.13, 0.03)  0.57 (0.48, 0.67) -0.11 (-0.19, -0.02)  

      Systemic lupus erythematosus 0.35 (0.24, 0.46) -0.09 (-0.19, 0.01)  0.50 (0.38, 0.61) -0.18 (-0.29, -0.07)  

Endocrine and Metabolic diseases   0.68   1.27 

      High cholesterol 0.44 (0.39, 0.49) -0.01 (-0.04, 0.02)  0.67 (0.61, 0.73) -0.01 (-0.04, 0.03)  

      Type 1 diabetes 0.38 (0.25, 0.51) -0.07 (-0.19, 0.05)  0.60 (0.46, 0.73) -0.08 (-0.21, 0.04)  
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      Type 2 diabetes 0.37 (0.31, 0.44) -0.07 (-0.13, -0.01)  0.64 (0.57, 0.72) -0.04 (-0.09, 0.03)  

      Hyperthyroidism 0.35 (0.27, 0.43) -0.09 (-0.16, -0.02)  0.57 (0.48, 0.66) -0.11 (-0.19, -0.03)  

      Hypothyroidism 0.41 (0.35, 0.48) -0.03 (-0.08, 0.02)  0.64 (0.57, 0.70) -0.04 (-0.09, 0.01)  

Diseases of the nervous system   0.50   0.35 

      Epilepsy 0.38 (0.27, 0.50) -0.06, (-0.17, 0.04)  0.57 (0.45, 0.69) -0.11 (-0.22, 0.01)  

      Migraine 0.41 (0.36, 0.46) -0.03 (-0.06, -0.01)  0.63 (0.58, 0.69) -0.05 (-0.08, -0.02)  

Diseases of the circulatory system   0.14   1.04 

      Hypertension 0.44 (0.39, 0.49) -0.01 (-0.03, 0.02)  0.68 (0.62, 0.73) 0.00 (-0.03, 0.03)  

      Heart diseases 0.41 (0.34, 0.47) -0.04 (-0.09, 0.01)  0.64 (0.57, 0.71) -0.04 (-0.09, 0.02)  

      Myocardial infarction 0.45 (0.36, 0.56) 0.00 (-0.08, 0.10)  0.67 (0.56, 0.78) -0.01 (-0.11, 0.09)  

      Stroke 0.43 (0.34, 0.52) -0.01 (-0.10, 0.07)  0.62 (0.53, 0.72) -0.05 (-0.14, 0.03)  

      Peripheral vascular disease 0.40 (0.32, 0.49) -0.04 (-0.12, 0.04)  0.62 (0.52, 0.71) -0.06 (-0.14, 0.02)  

Diseases of the digestive system   0.14   0.39 

      Inflammatory bowel disease 0.37 (0.28, 0.45) -0.08 (-0.15, -0.01)  0.57 (0.48, 0.67) -0.10 (-0.18, -0.03)  

      Coeliac disease 0.49 (0.38, 0.60) 0.04 (-0.06, 0.15)  0.67 (0.55, 0.79) -0.01 (-0.11, 0.11)  

Eye diseases 0.41 (0.36, 0.47) -0.03 (-0.07, 0.01) 0.24 0.66 (0.60, 0.72) -0.02 (-0.06, 0.02) 0.77 

Allergies 0.42 (0.37, 0.47) -0.02 (-0.05, 0.01) 0.29 0.64 (0.58, 0.69) -0.04 (-0.07, -0.01) 0.28 

Other autoimmune diseases 0.40 (0.33, 0.47) -0.04 (-0.10, 0.02) 0.12 0.57 (0.49, 0.65) -0.10 (-0.17, -0.04) 0.46 

Diseases of the skin   0.16   0.31 

      Psoriasis 0.42 (0.36, 0.48) -0.03 (-0.07, 0.01)  0.63 (0.56, 0.69) -0.05 (-0.10, -0.01)  

Diseases of the blood   0.03   0.25 

      Anaemia 0.44 (0.38, 0.50) -0.01 (-0.04, 0.03)  0.67 (0.61, 0.73) -0.01 (-0.05, 0.03)  

Neoplasms   0.03   0.10 

      Cancer 0.44 (0.38, 0.49) -0.01 (-0.04, 0.03)  0.68 (0.62, 0.73) -0.01 (-0.04, 0.04)  

Diseases of the genito-urinary 

system 
  0.05   0.03 

      Chronic renal disease 0.37 (0.25, 0.49) -0.07 (-0.18, 0.04)  0.65 (0.52, 0.78) -0.03 (-0.15, 0.09)  
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a Total comorbidities refer to any comorbidity the participant reported having. 
 b Estimated decrease in health-related quality of life that is associated with having the individual comorbidity. The values were adjusted for age, sex and education attainment. Bold 

font indicates statistical significance at 95% confidence interval (CI); c The R-squared (%R2) value is the total variance from the multiple regression model and the individual variance 

contributed by each comorbidity group to the to the total variance as obtained from the general dominance analysis. 

AQoL-8D: Assessment of Quality of Life with eight dimensions. 

 

4.6. Discussion 

This study, to the best of our knowledge, is the first to use a more superior and sensitive HRQoL instrument (i.e. AQoL-8D) to assess the relative 

contribution of different comorbidities grouped into ICD-10 categories and to estimate the magnitude of effects of a wide range of individual 

comorbidities on HRQoL. In this large population-based study of PwMS, the number of comorbidities was strongly associated with lower AQoL-

8D in a dose-dependent fashion and comorbidities explained 18.1% of the variance of AQoL-8D score. Of all comorbidity groups, mental health 

disorders contributed most to overall AQoL-8D (68.1% of the overall comorbidity effect), with an even higher contribution seen for AQoL-8D’s 

psychosocial super-dimension (80.9%). Musculoskeletal disorders (38.9%) contributed most to AQoL-8D’s physical super-dimension. Of the 

individual comorbidities, the magnitude of effects on overall AQoL-8D were largest for SLE, depression, hyperthyroidism, anxiety, IBD, 

rheumatoid arthritis, osteoporosis and type 2 diabetes. These findings suggest that prevention and management of these comorbidities has the 

greatest potential to have an important impact on the HRQoL of PwMS. 

 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related quality of life of people with multiple sclerosis  



122 | P a g e  

 

PwMS who did not report any comorbidity had a mean overall AQoL-8D of 0.73 which is 

considerably lower than the previously reported overall AQoL-8D of the general Australian 

population (~0.80) [27]. Those with 2 or 3 comorbidities had a mean overall AQoL-8D of 0.65 

while those with 4 or more comorbidities had a mean of 0.55, which is 0.08 and 0.18 units 

lower than those without comorbidities, and likely to be clinically important. Our observed 

association aligns with other studies [7,4,9]. Given the high proportions of PwMS reporting 

comorbidities (~90% ≥1 comorbidity, ~36% with 2-3 comorbidities, and ~41% with ≥4 

comorbidities), there is therefore potential for a major gain in HRQoL through the prevention 

and optimal management of comorbidities.  

The comorbidity groups combined explained 18.1% of the variance of overall AQoL-8D, 17.5% 

of AQoL-8D’s psychosocial super-dimension and 12.7% of AQoL-8D’s physical super-

dimension. Of that variance explained, our results highlighted that mental health disorders 

(including depression and anxiety) were by far the largest contributor to the overall (68.3%) 

and psychosocial super-dimension (80.9%) of AQoL-8D. Musculoskeletal disorders (i.e. 

osteoporosis, osteoarthritis, rheumatoid arthritis and SLE) were the largest contributors to the 

AQoL-8D’s physical super-dimension (38.9%) and were the second largest contributor to 

overall AQoL-8D (12.6%). Other comorbidity groups only had a relatively minor contribution 

in predicting the HRQoL of PwMS. Our findings were similar irrespective of whether we used 

the total or doctor-diagnosed comorbidities. Interestingly, a companion paper in this issue 

shows that mental health and musculoskeletal disorders were also the strongest contributors to 

the severity of the most common symptoms in MS [28]. Collectively, our results emphasize 

the importance of early and routine screening of mental health and musculoskeletal disorders 

in achieving a better HRQoL in PwMS. 
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The large contribution of mental health disorders to HRQoL in our study highlights the 

importance of these disorders in MS. For the individual mental health disorders, people with 

depression had an overall AQoL-8D reduction of 0.15 units, and those with anxiety a reduction 

of 0.11 units, with similar magnitude of effects were seen for AQoL-8D’s psychosocial super-

dimension and smaller but still potentially important effects on AQoL-8D’s physical super-

dimension. The results in our study are similar to a large effect size for depression and moderate 

effect size for anxiety on mental HRQoL of PwMS found by Berrigan et al. [9]. These large 

effect sizes together with depression and anxiety having the highest prevalence of all 

comorbidities (33.6% reported as doctor-diagnosed depression, 20.2% reported as doctor-

diagnosed anxiety) suggests that the population as well as the individual level impact of these 

comorbidities is substantial. We acknowledge that depression and anxiety could be the result 

of having MS or they could occur independently. In either case, our findings strongly support 

the notion that prompt and continuous screening during the disease course for these 

comorbidities should be conducted in PwMS, [29-31] and that appropriate support and 

treatment should be pursued in order to minimise their impact.  

Musculoskeletal disorders contributed the most to the variance in AQoL-8D’s physical super-

dimension, whether we used total or doctor-diagnosed comorbidities. SLE was most strongly 

associated with a lower AQoL-8D’s physical super-dimension (-0.16) followed by rheumatoid 

arthritis (-0.09) although the prevalence of these comorbidities was relatively low. The impact 

of this comorbidity group remained the same when the analysis was limited to those with 

osteoporosis and osteoarthritis, suggesting the impact is largely driven by the physical 

disabilities rather than systemic effects associated with SLE and rheumatoid arthritis. Overall, 

musculoskeletal disorders are considered a major cause of physical disability and a significant 

contributor to pain [32]. The pain and the physical limitations brought by these comorbidities 

also affect the AQoL-8D’s psychosocial super-dimension. Similar to our results, Woolf and 
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Pfleger found that rheumatoid arthritis was more disabling than osteoarthritis or osteoporosis 

and was associated with a shorter life expectancy and even lower HRQoL particularly for those 

with severe forms of the disease [32]. Osteoporosis contributed to a much lower HRQoL by 

substantially increasing long-term physical disability while the pain and disability experienced 

by those with osteoarthritis may lead to deterioration of health and wellbeing leading to a lower 

HRQoL of PwMS [33]. Overall, recognising the large impact, instituting a timely intervention 

and developing preventative strategies to mitigate the occurrence or slow the progression of 

these comorbidities may result in a substantial improvement of HRQoL of PwMS.  

A major strength of this study is the inclusion of broad range of comorbidities, which also 

allowed us to group comorbidities and identify the relative contribution of these comorbidity 

groups on HRQoL. The study limitations should also be recognized.  The cross-sectional nature 

of our study precludes us from establishing causality between MS, comorbidities and HRQoL. 

Although the AMSLS is a highly representative sample of the MS population, [12] some 

selection bias may have occurred as not all participants answered all 3 surveys. However, when 

we compared those who were included with those who were not included, differences in age, 

MS duration and education attainment were small. Further, our study sample is similar in sex 

and MS onset-types compared with other MS cohort studies, [34] making our results likely 

generalisable to the whole MS population. Despite our large sample size, we had to exclude 

rare comorbidities due to power considerations. The comorbidities were self-reported, which 

might have caused some measurement error. To minimise this, we also asked whether the 

comorbidities were doctor-diagnosed. We found similar results for total and doctor-diagnosed 

comorbidities.   

In conclusion, comorbidities have a major impact of HRQoL in people with MS. By examining 

comorbidity groups and individual comorbidities our results specifically highlighted that 
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mental health and musculoskeletal disorders have a substantial impact on HRQoL and should 

be targeted for early detection, prevention and optimal treatment in PwMS.  

 

4.7. Postscript 

This chapter demonstrated that the number of comorbidities was strongly associated with lower 

HRQoL in a dose-dependent fashion and highlighted that mental health and musculoskeletal 

disorders were by far the largest contributors to the HRQoL of people with MS. The next 

chapter investigates the contribution of comorbidities to MS symptomatology.  
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Supplementary Figure 4.1. The relative contribution (%)a of the 13 comorbidity groupsb 

based on doctor-diagnosed comorbiditiesc to the overall AQoL-8D (panel A), AQoL-8D’s 

psychosocial (panel B) and physical (panel C) super-dimensions.  

a The values were calculated using general dominance analysis and were obtained from the individual 

standardized weight (out of 100%) of the variance of each comorbidity groups over the total variance of the 

overall AQoL-8D (R2 = 14.73); AQoL-8D’s psychosocial (R2 = 13.07) and physical (R2 = 13.48) super-

dimensions of the multivariable regression model; b The 13 comorbidity groups were grouped to the 263 blocks 

(disease categories) in the International Classification of Diseases–10th revision (ICD-10) structure; c Doctor-

diagnosed comorbidities refer to any comorbidity the patient reported as diagnosed by a doctor. 

AQoL-8D: Assessment of Quality of Life with eight dimension 
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Supplementary Table 4.1. Associations between doctor-diagnosed comorbiditiesa and overall 

AQoL-8D of people with MS 

 
Predicted mean  

(95% CI) 

Adjusted coefficients          

 (β, 95% CI)b 
R-squared (%)c 

Total variance of the multiple 

regression model (incl. 13 

comorbidity groups)  

  14.73 

 

Predicted AQoL-8D of those 

without comorbidities (Reference) 
0.72 (0.69, 0.76)   

Comorbidity groups and individual 

comorbidities 
   

Mental health disorders   9.06 

      Depression 0.58 (0.53, 0.62) -0.14 (-0.17, -0.11)  

      Anxiety 0.61 (0.56, 0.66) -0.10 (-0.14, -0.07)  

Diseases of the musculoskeletal 

system 
  1.87 

      Osteoporosis 0.65 (0.59, 0,70) -0.07 (-0.12, -0.03)  

      Osteoarthritis 0.67 (0.62, 0.72) -0.05 (-0.09, -0.02)  

      Rheumatoid arthritis 0.65 (0.55, 0.75) -0.07 (-0.16, 0.03)  

      Systemic lupus erythematosus 0.58 (0.46, 0.70) -0.14 (-0.25, -0.02)  

Endocrine and Metabolic diseases   0.80 

      High cholesterol 0.72 (0.67, 0.77) 0.00 (-0.03, 0.03)  

      Type 1 diabetes 0.63 (0.50, 0.76) -0.09 (-0.22, 0.04)  

      Type 2 diabetes 0.65 (0.58, 0.73) -0.06 (-0.13, -0.01)  

      Hyperthyroidism 0.61 (0.52, 0.70) -0.11 (-0.19, -0.03)  

      Hypothyroidism 0.68 (0.62, 0.75) -0.04 (-0.09, 0.02)  

Diseases of the nervous system   0.96 

      Epilepsy 0.65 (0.50, 0.80) -0.07 (-0.21, 0.07)  

      Migraine 0.65 (0.60, 0.70) -0.07 (-0.10, -0.03)  

Diseases of the circulatory system   0.33 

      Hypertension 0.71 (0.67, 0.76) -0.01 (-0.04, 0.03)  

      Heart diseases 0.67 (0.60, 0.73) -0.05 (-0.11, 0.01)  

      Myocardial infarction 0.72 (0.62, 0.83) 0.00 (-0.10, 0.11)  

      Stroke 0.69 (0.59, 0.79) -0.03 (-0.12, 0.06)  

      Peripheral vascular disease 0.65 (0.56, 0.74) -0.07 (-0.15, 0.02)  

Diseases of the digestive system   0.37 

      Inflammatory bowel disease 0.63 (0.54, 0.72) -0.08 (-0.17, -0.01)  

      Coeliac disease 0.67 (0.53, 0.80) -0.05 (-0.18, 0.08)  

Eye diseases 0.68 (0.63, 0.74) -0.04 (-0.08, 0.01) 0.50 

Allergies 0.68 (0.63, 0.73) -0.03 (-0.07, -0.01) 0.35 

Other autoimmune diseases 0.65 (0.57, 0.73) -0.06 (-0.13, 0.01) 0.17 

Diseases of the skin   0.21 

      Psoriasis 0.68 (0.61, 0.75) -0.04 (-0.09, 0.02)  

Diseases of the blood   0.07 

      Anaemia 0.72 (0.66, 0.78) 0.00 (-0.04, 0.04)  

Neoplasms   0.02 

      Cancer 0.72 (0.66, 0.77) 0.00 (-0.04, 0.04)  
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Diseases of the genito-urinary 

system 
  0.03 

      Chronic renal disease 0.65 (0.53, 0.78) -0.06 (-0.18, 0.06)  

 
a Doctor-diagnosed comorbidities refer to any comorbidity the patient reported as diagnosed by a doctor. 

b Estimated decrease in health-related quality of life that is associated with having the individual comorbidity. The values were 

adjusted for age, sex and education attainment. Bold font indicates statistical significance at 95% confidence interval (CI); c 

The R-squared (%R2) value is the total variance from the multiple regression model and the individual variance contributed 

by each comorbidity group to the to the total variance as obtained from the general dominance analysis. 

AQoL-8D: Assessment of Quality of Life with eight dimensions. 

 

 

 

 

 

 

 

Chapter 4: Estimating the relative contribution of comorbidities in predicting health-related quality of life 

of people with multiple sclerosis  



132 | P a g e  

 

Supplementary Table 4.2. Association between doctor-diagnosed comorbiditiesa and the AQoL-8D’s psychosocial and physical super-dimensions 

Super-dimensions AQoL-8D’s psychosocial super-dimensions AQoL-8D’s physical super-dimensions 

 
Predicted mean  

(95% CI) 

Adjusted coefficients 

(β, 95% CI)b 

R-squared 

(%)c 

Predicted mean  

(95% CI) 

Adjusted coefficients 

(β, 95% CI)b 

R-squared 

(%)c 

Total variance of the multiple 

regression model (incl. 13 

comorbidity groups)  

  13.07   13.48 

 

Predicted AQoL-8D of those without 

comorbidities (Reference) 
0.43 (0.40, 0.47)   0.66 (0.63, 0.70)   

Comorbidity groups and individual 

comorbidities 
      

Mental health disorders   9.92   2.54 

       Depression 0.31 (0.27, 0.35) -0.12 (-0.15, -0.10)  0.57 (0.52, 0.61) -0.09 (-0.12, -0.06)  

       Anxiety 0.34 (0.29, 0.38) -0.09 (-0.12, -0.06)  0.58 (0.53, 0.63) -0.08 (-0.11, -0.04)  

Musculoskeletal disorders   0.72   4.68 

       Osteoporosis 0.38 (0.33, 0.43) -0.06 (-0.09, -0.02)  0.60 (0.55, 0.66) -0.06 (-0.10, -0.02)  

       Osteoarthritis 0.41 (0.36, 0.45) -0.02 (-0.06, 0.01)  0.67 (0.62, 0.72) -0.05 (-0.09, -0.02)  

       Rheumatoid arthritis 0.41 (0.32, 0.50) -0.02 (-0.11, 0.06)  0.55 (0.45, 0.66) -0.11 (-0.20, -0.01)  

       Systemic lupus erythematosus 0.36 (0.25, 0.47) -0.07 (-0.18, 0.03)  0.49 (0.37, 0.61) -0.17 (-0.28, -0.05)  

Endocrine and Metabolic diseases   0.59   1.23 

       High cholesterol 0.43 (0.39, 0.48) -0.00 (-0.03, 0.03)  0.66 (0.61, 0.71) 0.00 (-0.04, 0.03)  

       Type 1 diabetes 0.37 (0.24, 0.49) -0.06 (-0.19, 0.06)  0.58 (0.45, 0.71) -0.08 (-0.21, 0.05)  

       Type 2 diabetes 0.37 (0.30, 0.44) -0.06 (-0.12, -0.01)  0.63 (0.56, 0.71) -0.03 (-0.09, 0.04)  

       Hyperthyroidism 0.35 (0.27, 0.43) -0.08 (-0.16, -0.01)  0.56 (0.47, 0.65) -0.10 (-0.18, -0.03)  

       Hypothyroidism 0.41 (0.35, 0.47) -0.02 (-0.07, 0.02)  0.62 (0.56, 0.68) -0.04 (-0.09, 0.01)  

Diseases of the nervous system   0.42   1.15 

       Epilepsy 0.39 (0.26, 0.52) -0.04 (-0.17, 0.09)  0.55 (0.41, 0.70) -0.11 (-0.25, 0.03)  
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       Migraine 0.40 (0.35, 0.44) -0.04 (-0.07, -0.01)  0.58 (0.53, 0.63) -0.08 (-0.12, -0.05)  

Diseases of the circulatory system   0.08   0.92 

      Hypertension 0.43 (0.39, 0.48) 0.00 (-0.03, 0.03)  0.66 (0.61, 0.71) 0.00 (-0.03, 0.03)  

      Heart diseases 0.40 (0.33, 0.46) -0.04 (-0.09, 0.02)  0.63 (0.56, 0.70) -0.03 (-0.09, 0.03)  

      Myocardial infarction 0.45 (0.35, 0.55) 0.02 (-0.08, 0.11)  0.65 (0.54, 0.76) -0.01 (-0.11, 0.09)  

      Stroke 0.42 (0.33, 0.51) -0.01 (-0.09, 0.07)  0.62 (0.52, 0.71) -0.04 (-0.13, 0.05)  

      Peripheral vascular disease 0.39 (0.31, 0.48) -0.04 (-0.11, 0.04)  0.60 (0.51, 0.69) -0.06 (-0.14, 0.03)  

Diseases of the digestive system   0.13   0.50 

      Inflammatory bowel disease 0.37 (0.28, 0.45) -0.07 (-0.14, 0.01)  0.56 (0.47, 0.65) -0.10 (-0.18, -0.02)  

      Coeliac disease 0.48 (0.35, 0.60) 0.04 (-0.07, 0.16)  0.58 (0.45, 0.72) -0.07 (-0.20, 0.05)  

Eye diseases 0.40 (0.35, 0.45) -0.03 (-0.07, 0.01) 0.40 0.64 (0.59, 0.69) -0.02 (-0.06, 0.02) 0.90 

Allergies 0.41 (0.36, 0.45) -0.02 (-0.05, 0.01) 0.38 0.61 (0.56, 0.66) -0.05 (-0.08, -0.02) 0.36 

Other autoimmune diseases 0.40 (0.33, 0.47) -0.03 (-0.10, 0.03) 0.07 0.55 (0.47, 0.63) -0.11 (-0.18, -0.04) 0.40 

Diseases of the skin   0.23   0.33 

      Psoriasis 0.40 (0.34, 0.46) -0.03 (-0.08, 0.02)  0.61 (0.54, 0.67) -0.05 (-0.11, -0.01)  

Diseases of the blood   0.06   0.36 

      Anaemia 0.44 (0.39, 0.50) 0.01 (-0.03, 0.05)  0.67 (0.61, 0.72) 0.01 (-0.04, 0.05)  

Neoplasms   0.03   0.09 

      Cancer 0.43 (0.38, 0.48) -0.01 (-0.04, 0.03)  0.66 (0.61, 0.72) 0.00 (-0.04, 0.04)  

Diseases of the genito-urinary system   0.04   0.04 

      Chronic renal disease 0.36 (0.25, 0.48) -0.07 (-0.18, 0.04)  0.64 (0.51, 0.76) -0.02 (-0.14, 0.10)  

 

a Doctor-diagnosed comorbidities refer to any comorbidity the patient reported as diagnosed by a doctor. 

b Estimated decrease in health-related quality of life that is associated with having the individual comorbidity. The values were adjusted for age, sex and education attainment. Bold font 

indicates statistical significance at 95% confidence interval (CI); c The R-squared (%R2) value is the total variance from the multiple regression model and the individual variance contributed 

by each comorbidity group to the to the total variance as obtained from the general dominance analysis. AQoL-8D: Assessment of Quality of Life with eight dimensions. 
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Appendix 4.A. Publication of Chapter 4: “Estimating the relative 

contribution of comorbidities in predicting health-related quality of 

life of people with multiple sclerosis” 

Lo, L.M.P., Taylor, B.V., Winzenberg, T., Palmer, A.J., Blizzard, L., Ahmad, H., Hussain, 

M.A., van der Mei, I. Estimating the relative contribution of comorbidities in predicting the 

health-related quality of life of people with multiple sclerosis. Journal of Neurology. 2020; 

https://doi.org/10.1007/s00415-020-10195-w. 
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Chapter 5 

Comorbidities contribute substantially to the severity of 

common multiple sclerosis symptoms  

 

5.1. Preface 

In this chapter, we addressed the following aims: a) Examine the dose-response relationship 

between the number of comorbidities and severity of each symptom; and b) Assess the relative 

contribution of comorbidity groups and individual comorbidities to the severity of each 

symptom. This chapter has been published in the Journal of Neurology. The typeset version 

of the manuscript as it appeared in the journal is in Appendix 5.A. The text of this chapter is 

the same as the published version.  

5.2. Abstract 

Background: More research is needed to understand the contribution of comorbidities to MS 

symptomatology.  

Objectives: To examine the dose-response relationship between the number of comorbidities 

and severity of MS symptoms and to assess the relative contribution of comorbidity groups and 

individual comorbidities to the severity of each symptom.  

Methods: We surveyed 1,223 participants of the Australian MS Longitudinal Study for the 

presence of 30 comorbidities and the severity of 13 MS symptoms (0-10 scale). The 

associations between comorbidities and symptoms were assessed using negative binomial 
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regression. The relative contributions of comorbidities to the severity of symptoms were 

assessed using general dominance analysis. 

Results:  Higher number of comorbidities was most strongly associated with a higher severity 

of pain and feelings of anxiety and depression (ratios of means >0.12 per comorbidity increase). 

Comorbidities explained between 3.7% (spasticity) and 22.0% (feelings of anxiety) of the total 

variance of symptom severity. Mental health and musculoskeletal disorders contributed most 

strongly to the severity of the most common symptoms in MS. 

Conclusions: Our findings support that early recognition and optimal management of 

comorbidities, particularly of mental health and musculoskeletal disorders, could have a 

positive impact on the severity of symptoms of people with MS.  

5.3. Introduction 

Multiple sclerosis (MS) affects more than 2.5 million people worldwide and is considered one 

of the most common disabling neurological disorders [1].  The symptomatology ranges from 

physical symptoms including vision loss, spasticity, bladder and bowel dysfunction, walking 

and balance problems, fatigue and pain to psychiatric issues like cognitive impairments, 

depression and anxiety [2,3]. Previous research showed the strong impact these symptoms have 

on the quality of life of people with MS.[4] However, most of these symptoms are not specific 

to MS and could be related to other medical conditions [5]. The majority of people with MS 

(PwMS) have comorbidities, [6,7] and understanding how comorbidities influence the 

symptomatology of MS could assist in guiding the management of symptoms in MS. 

Comorbidities make a substantial contribution to reduced quality of life and general well-being 

of PwMS [8]. However, our understanding of the extent to which comorbidities influence the 

severity of different symptoms in MS is limited [9-11]. In a cross-sectional study of 339 PwMS, 
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the severity of common symptoms such as fatigue, balance problems and weakness was 

significantly higher in PwMS who had comorbidities such as depression, anxiety, migraine and 

coronary artery diseases compared to those without these comorbidities [9]. In two longitudinal 

studies assessing the relationship between comorbidities and a single symptom (i.e. pain in one 

study [10] and fatigue in the other [11]), the presence of comorbidities was associated with 

higher risk of experiencing these symptoms worsening over time [10,11]. As these studies 

included a limited number of symptoms and/or comorbidities, they were unable to assess the 

cumulative impact of multiple comorbidities on the severity of symptoms or assess which 

comorbidities had the largest influence on each symptom. This is an important evidence gap. 

Therefore, with data available from the Australian MS Longitudinal Study (AMSLS) on 30 

comorbidities and 13 most common symptoms in MS, the goals of this study were to: 1) 

examine the dose-response relationship between the number of comorbidities and severity of 

each symptom, and 2) assess the relative contribution of comorbidity groups and individual 

comorbidities to the severity of each symptom. 

5.4. Methods 

5.4.1. Study population 

The AMSLS is a national sample of around 3,000 adult Australian volunteers with MS, [12] of 

whom approximately 96% were diagnosed by a neurologist with definite MS using the 

McDonald criteria [13]. It is an ongoing survey-based research project supported by MS 

societies in all Australian states and territories. Ethical approval for the study was initially given 

by the Australian Capital Territory Health Human Research Ethics Committee (HREC) and 

then by the Tasmanian Health and Medical HREC when the study centre was relocated to 

Tasmania in 2014.  All participants provided informed consent. 
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Data used for this study came from two surveys. To assess comorbidities, we used the 2016 

Lifestyle and Environment Survey ((August-October 2016); 3102 survey invitations sent and 

a total of 1,518 (49%; 1,067 online and 451 paper) responded). To assess the severity of 

common symptoms in MS, we used the 2016 Medication and Disease Course Survey 

((November 2016-March 2017); 3,098 survey invitations sent and a total of 1,699 (56%; 1,282 

online and 417 paper) responded). Those who completed both surveys (N=1,223) were 

included in the analysis.  

5.4.2. Measurements 

5.4.2.1. Comorbidities 

The participants were asked “Do you have or have you had this condition?” (Yes/No) for each 

of the 30 most frequently reported comorbidities in MS [6,14,15]. If yes, the participant was 

coded as having that comorbidity and we subsequently asked: “Was it diagnosed by a doctor?” 

(Yes/No/Don’t know). If yes, the participant was coded as having that doctor-diagnosed 

comorbidity. The “Don’t know” group was combined with the “No” group. The total 

comorbidities (i.e. any comorbidity the patient reported having) and doctor-diagnosed 

comorbidities (i.e. any comorbidity the patient reported as diagnosed by a doctor) were counted. 

The comorbidities were grouped according to the 263 blocks (disease categories) in the 

International Classification of Diseases–10th revision (ICD-10) structure. Due to power 

considerations, we excluded comorbidities reported by less than 10 participants which 

excluded Parkinson’s disease and schizophrenia. The complete list of the 28 included 

individual comorbidities and the comorbidity groups to which they belong are shown in Figure 

5.1 and Table 5.3, respectively. 
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5.4.2.2. Symptoms severity measures 

The severity of the 13 most common symptoms was assessed using the Multiple Sclerosis 

Symptom Scores (MSSymS) asking the participants to rate their average symptoms severity in 

the last four weeks compared to before they developed MS [16].  MSSymS is a validated single-

item numeric rating scale of 0 to 10, wherein 0 corresponds to “having no (symptom) compared 

to before developing MS” and 10 equates to “worst possible (symptom), preventing many daily 

activities”.[16] The complete list of symptoms is listed in Figure 5.1.  

5.4.2.3. Other measures 

MS duration was calculated by subtracting years since MS symptom onset or years since MS 

diagnosis from survey date. Body mass index (BMI) was calculated by dividing self-reported 

weight (in kilograms) by height2 (in centimetres). Disability was assessed using the Patient-

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

symptoms) to 8 (bedridden)) and a validated patient-reported instrument which has been 

strongly correlated with the Expanded Disability Status Scale (EDSS, r=0.78) [17,18]. Data on 

sex, MS onset-type (i.e. relapse-onset and progressive-onset), disease modifying therapy status 

and education attainment were also obtained from the 2016 Medication and Disease Course 

Survey. 

5.4.3. Statistical analysis 

We used analysis of variance or ꭓ2 tests to compare the differences between the PwMS who 

were included and not included in the analysis. Associations between the number of 

comorbidities and the severity of common symptoms in MS was evaluated using negative 

binomial regression. A dose-response was assessed using a test for trend.  Potential 

confounders were identified by using causal diagrams and by examining whether the 

coefficient of each outcome (i.e. symptoms) variable was altered by more than 10% when a 
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covariate (i.e. age, sex, MS duration, MS onset-type (relapse-onset vs. progressive-onset) and 

education level) was added to the model [19,20].  

We used linear regression with transformation to calculate the total variance (R2) explained by 

the predictors (i.e. comorbidities) on each symptom severity variable. We applied general 

dominance analysis (using the domin add-on module in Stata), [21] as proposed by Azen and 

Budescu, [22] to determine the relative contribution of each comorbidity group (categorized 

according to ICD-10) to the total variance (R2) of the severity of each symptom. In the groups 

with the highest contribution per symptom, the contribution of individual comorbidities 

belonging to that group was also determined. General dominance analysis provides an intuitive 

measure of predictor importance in two ways: 1) it uses the change in model fit (i.e., R2) to 

determine the contribution of each predictor and 2) it compares predictor contributions across 

all possible subset models from a given set of predictors [22,23].  Results were presented as 

general dominance weights, standardized to be out of 100%, to provide a ranking and weighting 

for each predictor in the model [22]. To examine whether the results differed for comorbidities 

that were reported to be doctor-diagnosed, we conducted a sensitivity analysis by limiting our 

analysis to doctor-diagnosed comorbidities.  The significance level was set at p <0.05 (two-

tailed). All analyses were performed using STATA/IC for Windows (version 15.0; StataCorp 

LP, College Station, Texas, USA).  

5.5. Results 

5.5.1. Participant characteristics 

The mean age of the total cohort was 56.1 and 78.7% of included participants were female 

(Table 5.1). The average MS duration since symptom onset was 20.5 years, 87.8% had relapse-

onset MS, 62.1% were currently taking disease modifying therapy and 36.5% had university 
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degree or higher. More than half of the participants were either overweight (32%) or obese 

(26%) (as defined by BMI >25), and almost half of the participants had no to mild level of 

disability as defined by PDDS < 3 (47.6%). 

Non-response bias analyses comparing participants who were included with those who were 

not showed that those who were included were slightly older (+1.34 years; p <0.01) and had a 

slightly longer MS duration (+0.76 year; p =0.02), but there were no significant differences in 

sex (79% vs 76%; p = 0.72) and education attainment (37% respondents have university 

bachelor’s or postgraduate degree vs 34%; p = 0.18). 

Table 5.1. Characteristics of the participants 

Characteristic 
Study sample 

(N = 1,223) 

Number of people with MS with no comorbidity 111 (9.1) 

Number of people with MS with at least 1 comorbidity 1,112 (90.9) 

Age (years), mean (SD) 56.1 (11.2) 

MS duration since symptom onset (years), mean (SD) 20.5 (10.7) 

MS duration since diagnosis (years), mean (SD) 15.2 (8.9) 

Sex, n (%)  

       Male 260 (21.3) 

       Female 963 (78.7) 

Currently on Disease Modifying Therapy, n (%)  

       Yes 759 (62.1) 

       No 464 (37.9) 

Disease course at onseta, n (%)  

       Relapse-onset Multiple Sclerosisb 862 (87.8) 

       Progressive-onset Multiple Sclerosisc 120 (12.2) 

Body mass indexd (kg/m2), n (%)  

      Normal (BMI = 18.5 to 24.9) 503 (42.5) 

      Overweight (BMI = 25 to 29.9) 376 (31.8) 

      Obese (BMI = 30 and over) 304 (25.7) 

Patient Determined Disease Steps (PDDS) (0-8), n (%)  

       No disability (PDDS score = 0) 293 (24.4) 

      Mild disability (PDDS score = 1-2) 278 (23.2) 

      Moderate disability (PDDS score = 3-5) 415 (34.6) 

      Severe disability (PDDS score > 6) 215 (17.9) 
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Education attainment, n (%)  

      Primary and Secondary school  356 (29.3) 

      Occupational certificate/diploma 415 (34.2) 

      University bachelor’s degree 261 (21.5) 

      University postgraduate degree 182 (15.0) 
 

a Excluded those who ticked “unsure” (n = 139) and those who did not specify their MS onset type (n = 102);  

b Includes relapsing remitting multiple sclerosis and secondary progressive multiple sclerosis; c Includes 

primary progressive multiple sclerosis and progressive relapsing multiple sclerosis;  d Body mass index (BMI) 

was  calculated by dividing self-reported weight (in kilograms) by height2 (in centimetres). 

 

5.5.2. Prevalence of comorbidities 

The most prevalent comorbidities were depression (42%), anxiety (39%), allergies (37%), 

hypertension (30%), migraine (28%), high cholesterol (24%), osteoarthritis (23%), eye 

diseases (15%), cancer (14%), anaemia (13%) and osteoporosis (13%) (Figure 5.1).  

Figure 5.1. The prevalence of comorbidities in people with MS 

*Heart diseases include angina, congestive heart failure and coronary artery disease. 
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5.5.3. Association between the number of comorbidities and severity of common 

symptoms in MS 

For PwMS without comorbidity, mean symptom severity ranged from 1.6 (vision problems) to 

4.2 (difficulty with balance) (Figure 5.2). For those with 5 or more comorbidities, mean 

symptom severity ranged from 2.9 (vision problems) to 5.8 (fatigue). After adjustment for 

confounders, the association between the number of comorbidities and symptom severity was 

strongest for feelings of anxiety, feelings of depression and pain. Significant associations were 

observed for 2 or more comorbidities and the mean severity of these symptoms was on average 

1.12 times to 1.13 greater for each additional comorbidity (Table 5.2) (Supplementary Table 

5.1 shows unadjusted analyses). Significant associations were also observed for the other 

symptoms, but only for those with a higher number of comorbidities (i.e. 3 or more for sensory 

symptoms, 4 or more for fatigue, 5 or more for other symptoms) and effect sizes were lower 

with adjusted average ratios of means per comorbidity ranging from 1.02 to 1.08 (Table 5.2). 
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Figure 5.2. The mean severity of common symptoms of people with MS per total comorbidity increase*  

*Each MS symptom severity was based from a 0 to 10 numeric rating scale wherein 0 = least severe to 10 = most severe. Total comorbidity refers to any comorbidity the 

participant reported having. 
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Table 5.2. The adjusted ratios and average ratios of the means per total comorbiditya increase of people with MS 

No. 
Feelings of 

anxietyb 

Feelings of 

depressionb Painb  
Vision 

problemsb 

Cognitive 

symptomsb 

Sensory 

symptomsc 

Sexual 

dysfunctiond Spasticitye Bowel 

problemsb Fatiguec 

Difficulty 

with 

balancef 

Bladder 

problemsg 

Walking 

difficultyh 

Adjusted ratio of means per comorbidity increasei 

0 1.00 (Ref) 

1 0.96  

(0.74-1.24) 

1.07  

(0.82-1.40) 

1.00  

(0.75-1.31) 

1.27 

 (0.94-1.71) 

0.85 

(0.69-1.05) 

1.04  

(0.86-1.26) 

1.21  

(0.88-1.68) 

1.01  

(0.79-1.31) 

1.07  

(0.80-1.44) 

0.96  

(0.82-1.12) 

0.84 

(0.69-1.02) 

0.99  

(0.79-1.25) 

0.88  

(0.70-1.11) 

2 1.42  

(1.12-1.80) 

1.31 

 (1.01-1.67) 

1.35  

(1.04-1.75) 

1.30  

(0.98-1.73) 

1.11  

(0.92-1.35) 

1.16  

(0.97-1.39) 

1.10  

(0.80-1.49) 

1.16  

(0.92-1.48) 

1.16  

(0.88-1.54) 

1.10  

(0.95-1.28) 

1.01  

(0.85-1.21) 

1.10  

(0.88-1.37) 

1.09  

(0.88-1.35) 

3 1.49  

(1.18-1.88) 

1.52  

(1.19-1.93) 

1.30  

(1.01-1.68) 

1.29  

(0.97-1.71) 

1.03 

(0.85-1.25) 

1.21  

(1.01-1.44) 

1.14  

(0.84-1.54) 

1.14  

(0.90-1.44) 

1.02 

(0.88-1.34) 

1.11  

(0.96-1.28) 

0.91  

(0.77-1.09) 

0.97  

(0.78-1.20) 

0.92 

(0.75-1.14) 

4 2.05  

(1.62-2.60) 

2.00  

(1.56-2.56) 

1.71  

(1.31-2.22) 

1.24  

(0.93-1.66) 

1.20  

(0.99-1.46) 

1.21 

(1.01-1.46) 

1.31  

(0.96-1.80) 

1.21  

(0.95-1.54) 

1.21  

(0.91-1.61) 

1.23 

(1.06-1.42) 

0.95  

(0.80-1.14) 

1.09  

(0.87-1.37) 

0.98  

(0.79-1.22) 

>5 2.28  

(1.83-2.84) 

2.28  

(1.73-2.74) 

2.04  

(1.60-2.60) 

1.83  

(1.40-2.39) 

1.50  

(1.25-1.79) 

1.47  

(1.24-1.74) 

1.47  

(1.10-1.97) 

1.40 

(1.12-1.76) 

1.51  

(1.16-1.96) 

1.34  

(1.17-1.54) 

1.10 

(0.93-1.31) 

1.21  

(0.99-1.50) 

1.13  

(0.92-1.38) 

p-value for trend 

 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p=0.01 p=0.02 p=0.07 

Adjusted average ratios of means per comorbidity increasei 

 
1.13 

(1.10-1.16) 

1.13  

(1.10-1.15) 

1.12 

(1.09-1.15) 

1.08  

(1.05-1.11) 

1.08  

(1.06-1.10) 

1.06  

(1.04-1.08) 

1.06  

(1.02-1.09) 

1.06  

(1.03-1.08) 

1.06  

(1.03-1.10) 

1.05  

(1.04-1.07) 

1.03  

(1.01-1.04) 

1.03  

(1.01-1.06) 

1.02 

(1.01-1.05) 
 

a Total comorbidity refers to any comorbidity the participant reported having; b Ratios of means were adjusted by age; c Ratios of means were adjusted by MS onset-type; d Ratios of means were adjusted 

by age, sex and MS onset-type; e Ratios of means were adjusted by age and sex; f Ratios of means were adjusted by age and MS onset-type; g Ratios of means were adjusted by age and MS duration; h 

Ratios of means were adjusted by age, sex, MS onset-type and MS duration; i Adjusted ratios and average ratios of mean in bold font indicate significance at 95% confidence interval (CI). 
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5.5.4. Relative contribution of comorbidity groups on the severity of common 

symptoms in MS 

The comorbidities together accounted for 3.7% (spasticity) to 22.0% (anxiety symptoms) of 

the variance for symptoms severity (Table 3). General dominance analysis showed that mental 

health disorders (i.e. a diagnosis of depression or anxiety) had the largest relative contribution 

to the severity of symptoms such as feeling of anxiety (weighting=87%), feelings of depression 

(85%), fatigue (42%), cognitive symptoms (66%), sensory symptoms (30%) and sexual 

dysfunction (35%) and made the second greatest contribution (>20%) to all other symptoms 

except bladder problems, walking difficulty and difficulty with balance. Musculoskeletal 

disorders had the largest relative contribution to the severity of the following symptoms: pain 

(30%), walking difficulties (41%), balance (35%), bladder (33%) and bowel (34%) problems 

and spasticity (45%). As would be expected, eye diseases (31%) had the largest relative 

contribution to vision problems of PwMS. 
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Table 5.3. Relative contribution of comorbidity groupsa for each MS symptom severity - results from general dominance analysis  

Common symptoms 

in MSb 
Feelings 

of anxiety 

Depressive 

symptoms Pain Fatigue Cognitive 

symptoms 

Walking 

difficulty 

Sensory 

symptoms  

Difficulty 

with 

balance 

Vision 

problems 

Sexual 

dysfunction 

Bowel 

problems 

Bladder 

problems Spasticity 

  

Total variance 

explained by all 

comorbidity groups 

(% R2) 

22.00 18.41 9.77 8.35 7.73 5.70 5.57 5.27 5.12 4.33 3.93 3.58 3.67 

  

Comorbidity groups                                             Standardized general dominance weightsj 

Circulatory disordersc 3.7 (2) 1.9 9.6  7.9 2.7 28.4 (2) 7.3 27.7 (2) 11.9 18.5 10.4 17.4 (2) 18.8  

Endocrine and 

metabolic disordersd 
1.4 1.6 7.5 8.4  5.2  4.4 2.3 9.4 5.1 3.6 13.8  3.3 1.4 

Chronic renal disease 0.1 0.1 1.4 0.1 1.0 0.9 2.6 1.0 0.3 0.3 0.2 1.8 0.3 

Musculoskeletal 

disorderse 
3.6 5.9 (2) 29.5 (1) 15.8 (2) 3.1 41.1 (1) 15.6 (2) 34.6 (1) 18.6 18.6 (2) 34.4 (1) 32.5 (1) 45.2 (1) 

Gastrointestinal 

disordersf 
0.2 0.5 1.0 8.4 2.2 0.6 5.6 0.1 0.6 0.5 0.1 0.1 1.4 

Psoriasis 0.8 2.0 1.9 1.5 4.3 3.3 6.2 2.2 0.3 7.0 2.1 6.5 7.5 

Anaemias 0.3 0.5 0.3 0.8 0.8 3.7 8.1  1.7 0.7 3.5 2.6 0.3 0.8 

Nervous system 

disordersg 
0.9 0.9 5.6 4.0 9.0 (2) 3.8 5.8 1.0 2.1 0.8 0.6 0.3 0.5 

Allergies 0.8 0.5 3.4 1.8 1.5 0.6 4.8 0.4 0.6 0.5 2.1 3.1 0.3 

Cancer 0.1 0.1 2.4 0.1 0.9 1.0 2.7 0.6 0.3 2.2 1.0 0.4 0.1 

Other autoimmune 

diseaseh 
0.9 1.1 5.9 7.8 3.7 3.1 8.0 5.4 0.7 8.8 1.6 8.8 2.4 

Mental health 

disordersi 
87.3 (1) 84.9 (1) 28.0 (2) 42.4 (1) 65.5 (1) 6.6  29.9 (1) 11.8  27.7 (2) 35.2 (1) 28.1 (2) 16.7  20.4 (2) 

Eye diseases 0.1 0.2 3.4 1.2 1.1 2.6 1.2 4.3 31.1 (1) 0.6 3.1 9.0 1.0 
 

a Based from the total comorbidities which refer to any comorbidity the participant reported having; bThe severity of each symptom was based from a 0 to 10 numeric rating scale wherein 0 = least severe 

to 10 = most severe; c Include hypertension, heart diseases, myocardial infarction, stroke and peripheral vascular diseases; d Include high cholesterol, type 1 diabetes, type 2 diabetes, hyperthyroidism and 

hypothyroidism; e Include osteoporosis, osteoarthritis, rheumatoid arthritis, systemic lupus erythematosus; f Include inflammatory bowel disease and coeliac disease; g Include epilepsy and migraine; h 

Include autoimmune diseases aside from MS; I Include depression and anxiety; j Standardized general dominance weight is the contribution of each comorbidity group to the overall R2 normed or 

standardized to be out of 100%. The shaded area highlights the 2 comorbidity groups with the highest contribution ranked. 
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5.5.5. Relative contribution of individual comorbidities on the severity of common 

symptoms in MS 

In the two comorbidity groups that had the largest contribution on the severity of common 

symptoms in MS (i.e. mental health disorders and musculoskeletal disorders), a diagnosis of 

depression had the largest relative contribution (28% or more) to feelings of depression, pain, 

fatigue, cognitive and sensory problems and sexual dysfunction and osteoporosis had the 

largest relative contribution (42% or more) to walking difficulties, balance, bladder and bowel 

problems and spasticity. A diagnosis of anxiety and eye diseases had the largest contribution 

to feelings of anxiety and vision problems, respectively (Table 5.4). 

5.5.6. Sensitivity analyses 

When we restricted our analyses to doctor-diagnosed comorbidities, we found similar 

associations between the number of comorbidities and the severity of common MS symptoms 

(Supplementary Figure 5.1 and Supplementary Tables 5.2 and 5.3). Similar patterns were also 

observed for the relative contribution of comorbidity groups and individual comorbidities to 

most MS symptoms except for pain (Supplementary Tables 5.4 and 5.5). For pain, mental 

health disorders (27%) rather than musculoskeletal disorders had the largest contribution.   
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Table 5.4. Relative contribution of individual comorbiditiesa for each MS symptom severity - results from general dominance analysis 

Common 

symptoms in MSb 

Feelings 

of anxiety 

Feelings of 

depression Pain Fatigue Cognitive 

symptoms 

Walking 

difficulty 

Sensory 

symptoms  

Difficulty 

with 

balance 

Vision 

problems 

Sexual 

dysfunction 

Bowel 

problems 

Bladder 

problems Spasticity 

Comorbidity 

groups 
Standardized general dominance weightsc 

Circulatory disorders 

   Hypertension 3.4 - - - - 15.0 (2) - 11.4 - - - 1.1 - 

   Heart diseases 0.3 - - - - 7.4 - 19.5 (2) - - - 23.3 (2) - 

Myocardial 

infarction 
0.1 - - - - 2.1 - 2.7 - - - 2.3 - 

    Stroke 0.5 - - - - 0.9 - 0.4 - - - 3.7 - 

Peripheral 

vascular disease 
0.2 - - - - 7.1 - 2.2 - - - 15.8 - 

Musculoskeletal disorders 

   Osteoporosis - 2.0 17.0 28.8 (2) - 59.0 (1) 25.8 (2) 50.3 (1) - 28.7 (2) 52.1 (1) 42.2 (1) 58.0 (1) 

   Osteoarthritis - 2.4 26.8 (2) 7.5 - 5.0 9.0 5.4 - 13.2 9.3 8.9 5.7 

Rheumatoid 

arthritis 
- 2.1 8.7 0.6 - 3.3 2.9 7.9 - 1.2 0.6 2.6 8.8 

Systemic lupus 

erythematosus 
- 0.7 4.8 1.3 - 0.2 6.9 0.3 - 5.2 4.1 0.2 2.9 

Nervous system disorders 

    Epilepsy - - - - 6.4  - - - - - - - - 

    Migraine - - - - 6.7 - - - - - - - - 

Mental health disorders 

    Depression 34.1 (2) 76.0 (1) 28.3 (1) 49.4 (1) 72.6 (1) - 41.4 (1) - 30.1 (2) 43.5 (1) 29.0 (2) - 21.0 (2) 

    Anxiety 61.4 (1) 16.7 (2) 14.5 12.3  14.3 (2) - 14.1 - 17.5  8.2 4.9 - 3.7 

Eye diseases - - - - - - - - 52.4 (1) - - - - 
 

a Based from the total comorbidities which refer to any comorbidity the participant reported having; b The severity of each symptom was based from a 0 to 10 numeric rating scale wherein 0 = least 

severe to 10 = most severe; c Standardized general dominance weight is the contribution of each comorbidity group to the overall R2 normed or standardized to be out of 100%. The shaded area 

highlights the 2 individual comorbidities with the highest contribution ranked. 
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5.6. Discussion 

To the best of our knowledge, our study is the first to examine the relative contribution of a 

wide range of comorbidity groups on the severity of the most common symptoms in MS in 

order to identify which comorbidity groups and individual comorbidities had the biggest impact. 

In this large representative cohort of Australians with established MS, higher number of 

comorbidities was strongly associated with the severity of all MS symptoms, with the strongest 

associations being for symptoms of feelings of anxiety, feelings of depression and pain. This 

suggests that the severity of common MS symptoms could be heavily impacted by a higher 

comorbidity load of PwMS. Among all the comorbidity groups evaluated in this study, mental 

health and musculoskeletal comorbidities contributed most strongly to the severity of most MS 

symptoms, implying that an early detection of these comorbidities may be a viable strategy to 

substantially reduced symptoms severity in PwMS. Overall, our findings support the premise 

that early screening, optimal management and prevention of comorbidities, particularly of 

mental health and musculoskeletal disorders, could have a positive prognosis on the severity 

of symptom of PwMS.  

Comorbidities were prevalent, with ~91% having at least one comorbidity and ~27% having 

five or more comorbidities, which aligns with literature [6,24]. The total number of 

comorbidities seems to have the biggest potential to impact on feelings of anxiety, feelings of 

depression and pain because the number of comorbidities was most strongly associated with 

these three symptoms, with the mean severity being significantly higher for those with two or 

more comorbidities compared to those without comorbidities. The effect sizes were less strong 

for the other symptoms and frequently only significant effects were observed when comparing 

those with higher numbers of comorbidities to those without comorbidities (i.e. 3 or more for 

sensory symptoms, 4 or more for fatigue, 5 or more for vision problems, cognitive symptoms, 
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sexual dysfunction, spasticity, bowel problems, walking difficulty), suggesting that these 

symptoms are predominantly impacted when people have a very high comorbidity load.   

Mental health disorders and musculoskeletal disorders had the largest relative contributions to 

the severity of common symptoms in MS. Interestingly, a companion paper in this issue shows 

that both mental health and musculoskeletal disorders were also the strongest contributors to 

lowering the health-related quality of life in people with MS in this same cohort [25]. Mental 

health disorders (with a diagnosis of depression having the largest individual contribution) had 

the largest relative contribution to the severity of feelings of anxiety, feelings of depression, 

cognitive symptoms, sensory symptoms, fatigue and sexual dysfunction. Musculoskeletal 

disorders (with osteoporosis having the largest individual contribution) had the largest relative 

contribution to the severity of pain, walking difficulties, difficulty with balance, bladder 

problems, bowel problems and spasticity. Our findings align with the past literature in which 

mental health comorbidities, particularly a diagnosis of depression, were linked to higher 

severity of fatigue, disability and cognitive impairment [26]. In one prospective study involving 

106 people with relapsing-remitting MS, a diagnosis of depression was more common and 

more severe in PwMS who reported fatigue symptoms [27]. Further, previous studies showed 

that a diagnosis of depression may exacerbate cognitive impairment in PwMS [28,29] 

specifically for those with moderate to severe depression [30]. Similarly, our results were 

consistent with other studies showing that musculoskeletal disorders contributes significantly 

to pain symptoms in PwMS [31,32]. Further, Marrie and colleagues previously showed that 

PwMS were more likely to have osteoporosis due to low bone density which further contribute 

to the severity of bone fractures, immobility, balance problems and pain [33].  

Our findings indicate that it is important for clinicians to recognize the large impact of mental 

health and musculoskeletal disorders on the symptom severity in MS and to understand that 
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the total number of comorbidities seem to have the biggest impact on feelings of anxiety, 

feelings of depression and pain. Understanding the interrelations between a patient’s 

cumulative impact of comorbidities and MS symptom load is an important step in deciding on 

the optimal management strategies. Our study does not aim to attribute causation. While it is 

likely that comorbidities add to the symptom load of a person with MS, the converse may also 

happen, particularly where a symptom is an important determinant of the diagnosis of a 

comorbidity (i.e. higher feelings of depression and the diagnosis of depression). Irrespective of 

this, our findings support that early detection and routine screening, particularly of mental 

health disorders and musculoskeletal disorders, throughout the disease course could be a viable 

strategy to prevent and minimise the impact of these comorbidities on MS symptoms. It is also 

important for clinician’s to be aware that medications for MS as well as comorbidities could 

have unwanted symptomatic side effects [5,34]. Comorbidity prevention and symptom 

reduction could be further assisted by empowering and assisting patients with a personalised 

approach around healthy lifestyle choices, such as following a healthy diet, maintaining 

adequate levels of physical activity and smoking cessation.  

Strengths of the study are the inclusion of broad range of comorbidities as well as most common 

MS symptoms, which also allowed us to group comorbidities and identify the relative 

contribution of these comorbidity groups and individual comorbidities for each symptom 

severity. Although the AMSLS is a highly representative sample of the MS population, [12] 

some selection bias may have occurred as not all participants answered the two surveys. When 

we compared participants, those who were included with those not included, there were only 

small differences in age and MS duration and no significant differences in education attainment 

and sex were observed. Although we were incapable of comparing all MS-specific 

characteristics between the included and excluded participants, our study sample shows similar 
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distributions in sex and MS onset-types when compared with other MS cohort studies, [35] 

making our results likely generalisable to the whole MS population. Using patient-reported 

data on comorbidities allowed us to include comorbidities that may be under-reported in 

medical records or excluded in clinical settings (e.g. allergies, migraine and musculoskeletal 

diseases). A limitation was that it might have caused some measurement error. To address this, 

we also asked whether the comorbidities were doctor-diagnosed and found that the results were 

similar irrespective of whether we used total or doctor-diagnosed comorbidities.  

In conclusion, a higher number of comorbidities was most strongly associated with higher 

severity of most MS symptoms, particularly for feelings of anxiety, feelings of depression and 

pain. Mental health and musculoskeletal disorders were the strongest contributors to the 

symptom severity load. A deeper understanding of the relationships between comorbidities and 

symptoms, as provided in this study, is beneficial for the management of PwMS by clinicians. 

Our work suggests that mental health and musculoskeletal comorbidities should be targeted for 

early detection, prevention and treatment to optimize the management of comorbidities in 

PwMS.  

5.7. Postscript 

This chapter demonstrated that comorbidities were strongly associated with the severity of all 

MS symptoms, with the strongest associations being for symptoms of feelings of anxiety, 

feelings of depression and pain. Additionally, mental health disorders (i.e. depression) and 

musculoskeletal disorders (i.e. osteoporosis) were the largest contributors to the severity of the 

most common symptoms in MS. The next chapter identifies the clinically meaningful 

comorbidity patterns in MS and their associations with the demographics/clinical 

characteristics of people with MS. 
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5.9. Supplementary Materials 

Supplementary Table 5.1. The unadjusted ratios and average ratios of the means per total comorbiditya increase of people with MS 

No. 
Feelings of 

anxiety 

Feelings of 

depression 
Pain Vision 

problems 

Cognitive 

symptoms 

Bowel 

problems Fatigue Sensory 

symptoms 

Sexual 

dysfunction 

Bladder 

problems 
Spasticity Difficulty 

with balance 

Walking 

difficulty 

Unadjusted ratio of means per comorbidity increaseb 

0 1.00 (Ref) 

1 0.96  

(0.74-1.24 

1.07  

(0.82-1.40) 

1.01  

(0.76-1.33) 

1.27  

(0.94-1.71) 

0.85  

(0.69-1.05) 

1.09  

(0.81-1.46) 

0.98  

(0.84-1.13) 

1.04  

(0.87-1.25) 

1.31 

(0.96-1.79) 

1.04  

(0.81-1.31) 

1.07  

(0.83-1.38) 

0.97  

(0.77-1.21) 

1.04  

(0.87-1.25) 

2 1.41  

(1.11-1.79) 

1.30 

 (1.01-1.67) 

1.36  

(1.05-1.76) 

1.30  

(0.98-1.73) 

1.11  

(0.91-1.35) 

1.17  

(0.88-1.54) 

1.13 

 (0.98-1.30) 

1.20 

(1.01-1.43) 

1.26  

(0.93-1.71) 

1.13  

(0.90-1.42) 

1.21  

(0.95-1.54) 

1.14 

 (0.92-1.41) 

1.20 

 (1.01-1.43) 

3 1.47  

(1.16-1.85) 

1.51  

(1.18-1.92) 

1.33  

(1.03-1.73) 

1.30 

 (0.98-1.72) 

1.02 

(0.85-1.24) 

1.08  

(0.82-1.42) 

1.15  

(1.01-1.32) 

1.25  

(1.05-1.47) 

1.26  

(0.94-1.69) 

1.07  

(0.86-1.34) 

1.18  

(0.93-1.50) 

1.04  

(0.84-1.29) 

1.25  

(1.05-1.47) 

4 2.02  

(1.60-2.56) 

1.98 

 (1.55-2.54) 

1.75  

(1.35-2.27) 

1.25 

 (0.94-1.68) 

1.19  

(0.98-1.45) 

1.27  

(0.96-1.69) 

1.29  

(1.12-1.48) 

1.30  

(1.10-1.55) 

1.49  

(1.10-2.01) 

1.19  

(0.94-1.50) 

1.27  

(0.99-1.62) 

1.14 

 (0.91-1.42) 

1.30  

(1.10-1.55) 

>5 2.21 

 (1.78-2.76) 

2.14  

(1.70-2.69) 

2.11  

(1.66-2.69) 

1.86  

(1.43-2.42) 
1.47  

(1.23-1.76) 

1.61  

(1.24-2.09) 

1.42  

(1.24-1.61) 

1.53 

(1.31-1.80) 

1.65  

(1.25-2.18) 

1.36  

(1.10-1.68) 

1.46  

(1.16-1.82) 

1.27  

(1.04-1.55) 

1.53 

 (1.31-1.80) 

p-value for trend 

 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 

Unadjusted average ratios of means per comorbidity increaseb 

 1.13  

(1.10-1.15) 

1.12  

(1.09-1.15) 

1.12  

(1.09-1.15) 
1.08  

(1.05-1.11) 

1.07  

(1.05-1.10) 

1.07  

(1.04-1.11) 

1.06  

(1.04-1.07) 

1.06  

(1.04-1.08) 

1.06  

(1.03-1.10) 

1.05  

(1.02-1.07) 

1.05  

(1.03-1.08) 

1.04  

(1.03-1.06) 

1.04  

(1.01-1.06) 
 

a Total comorbidity refers to any comorbidity the participant reported having; b Unadjusted ratios and unadjusted average ratios of mean in bold font indicate significance at 95% confidence interval (CI). 
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Supplementary Figure 5.1. The mean severity of common symptoms of people with MS per doctor-diagnosed comorbidity increase  

* The severity of each symptom was based from a 0 to 10 numeric rating scale wherein 0 = least severe to 10 = most severe. Doctor-diagnosed 

comorbidity refers to any comorbidity the patient reported as diagnosed by a doctor. 

 

Chapter 5: Comorbidities contribute substantially to the severity of common multiple sclerosis symptoms  



 
 

172 | P a g e  

 

Supplementary Table 5.2. The unadjusted ratios and average ratios of the means per doctor-diagnosed comorbiditya increase of people with MS 

No. Pain Feelings of 

depression 

Feelings of 

anxiety 

Bowel 

problems 

Vision 

problems 

Cognitive 

symptoms 

Sensory 

symptoms Fatigue Sexual 

dysfunction 

Bladder 

problems 
Spasticity Difficulty 

with balance 

Walking 

difficulty 

Unadjusted ratio of means per comorbidity increaseb 

0 1.00 (Ref) 

1 1.08  

(0.86-1.35) 

1.17  

(0.94-1.46) 

1.12  

(0.91-1.38) 

1.09  

(0.86-1.39) 

1.13  

(0.89- 1.44) 

0.92  

(0.78-1.09) 

1.05  

(0.90-1.22) 

1.02 

(0.90-1.15) 

1.21  

(0.93-1.56) 

1.07  

(0.88-1.30) 

1.01  

(0.82-1.24) 

1.04  

(0.90-1.21) 

1.14  

(0.94 (1.37) 

2 1.38  

(1.10-1.72) 

1.30  

(1.05-1.61) 

1.22  

(1.00-1.51) 

1.12  

(0.88-1.43) 

1.08  

(0.84-1.37) 

1.09  

(0.92-1.29) 

1.25  

(1.08-1.45) 

1.10  

(0.97-1.24) 

1.15  

(0.88-1.49) 

1.13  

(0.93-1.39) 

1.15  

(0.93-1.41) 

1.09  

(0.94-1.27) 

1.10  

(0.91-1.33) 

3 1.56  

(1.25-1.96) 

1.46  

(1.18-1.81) 

1.44  

(1.17-1.76) 

1.17  

(0.91-1.49) 

1.20  

(0.94-1.53) 

1.17  

(0.99-1.38) 

1.27  

(1.10-1.47) 

1.22  

(1.08-1.37) 

1.24  

(0.96-1.61) 

1.09  

(0.89-1.33) 

1.11  

(0.90-1.37) 

1.05  

(0.90-1.23) 

1.06  

(0.88-1.28) 

4 1.78  

(1.40-2.26) 

1.73  

(1.38-2.18) 

1.73  

(1.39-2.16) 

1.29  

(0.99-1.58) 

1.16  

(0.89-1.52) 

1.11  

(0.92-1.33) 

1.39  

(1.18-1.63) 

1.23  

(1.08-1.40) 

1.40  

(1.06-1.85) 

1.14 

 (0.92-1.42) 

1.29  

(1.02-1.62) 

1.18  

(1.01-1.40) 

1.28  

(1.04-1.57) 

>5 2.21  

(1.79-2.74) 

2.04  

(1.66-2.50) 

1.93  

(1.59-2.34) 

1.61  

(1.27-2.03) 

1.59  

(1.26-2.01) 

1.47  

(1.25-1.73) 

1.54  

(1.34-1.77) 

1.41  

(1.26-1.59) 

1.55  

(1.21-1.99) 

1.38  

(1.14-1.68) 

1.34 (1.10-

1.64) 

1.35  

(1.17-1.56) 

1.37  

(1.14-1.64) 

p-value for trend 

 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 

Unadjusted average ratios of means per comorbidity increaseb 

 1.13  

(1.10-1.16) 

1.11  

(1.08-1.14) 

1.10  

(1.08-1.13) 

1.08  

(1.04-1.11) 

1.07  

(1.04-1.10) 

1.07  

(1.05-1.09) 

1.07  

(1.05-1.08) 

1.06  

(1.04-1.07) 

1.06  

(1.03-1.10) 

1.05  

(1.02-1.07) 

1.05  

(1.02-1.08) 

1.05  

(1.03-1.06) 

1.04  

(1.02-1.07) 
 

a Doctor-diagnosed comorbidity refers to any comorbidity the patient reported as diagnosed by a doctor;  b Unadjusted ratios and unadjusted average ratios of mean in bold font indicate significance at 

95% confidence interval (CI). 
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Supplementary Table 5.3. The adjusted ratios and average ratios of the means per doctor-diagnosed comorbiditya increase of people with MS 

No. Painb Feelings of 

depressionb 

Feelings of 

anxietyb 

Vision 

problemsb 

Cognitive 

symptomsb 

Sensory 

symptomsc 

Bowel 

problemsb 

Sexual 

dysnfunctiond Spasticitye Fatiguec 

Difficulty 

with 

balancef 

Bladder 

problemsg 

Walking 

difficultyh 

Adjusted ratio of means per comorbidity increasei 

0 1.00 (Ref) 

1 1.07  

(0.85-1.34) 

1.17  

(0.95-1.46) 

1.13  

(0.92-1.39) 

1.13  

(0.89-1.44) 

0.92  

(0.78-1.10) 

1.03  

(0.88-1.20) 

1.09  

(0.85-1.38) 

1.17  

(0.90-1.52) 

0.98  

(0.80-1.21) 

1.00  

(0.88-1.14) 

0.99  

(0.85-1.16) 

1.03  

(0.85-1.26) 

1.11  

(0.92-1.33) 

2 1.36  

(1.09-1.71) 

1.31  

(1.06-1.63) 

1.24  

(1.01-1.52) 

1.07  

(0.84-1.37) 

1.09  

(0.92-1.30) 

1.23  

(1.05-1.44) 

1.10  

(0.86-1.41) 

1.05  

(0.81-1.38) 

1.12  

(0.91-1.38) 

1.07  

(0.94-1.21) 

1.05  

(0.90-1.23) 

1.09  

(0.90-1.33) 

1.08  

(0.89-1.30) 

3 1.54  

(1.23-1.93) 

1.48  

(1.20-1.83) 

1.46  

(1.19-1.79) 

1.19  

(0.93-1.52) 

1.18  

(1.00-1.40) 

1.25 

(1.07-1.46) 

1.12  

(0.88-1.42) 

1.21  

(0.93-1.58) 

1.09  

(0.89-1.34) 

1.19  

(1.05-1.34) 

0.96  

(0.82-1.13) 

1.01  

(0.82-1.22) 

1.01  

(0.83-1.22) 

4 1.74  

(1.37-2.22) 

1.75  

(1.39-2.21) 

1.77  

(1.42-2.21) 

1.15  

(0.88-1.51) 

1.12  

(0.93-1.35) 

1.29  

(1.09-1.53) 

1.22  

(0.94-1.59) 

1.24  

(0.93-1.67) 

1.25  

(1.00-1.57) 

1.18  

(1.02-1.35) 

1.05  

(0.88-1.25) 

1.02  

(0.82-1.27) 

1.14  

(0.93-1.41) 

>5 2.13  

(1.72-2.65) 

2.10  

(1.71-2.58) 

2.02  

(1.65-2.46) 

1.56  

(1.23-1.98) 

1.51  

(1.28-1.78) 

1.49  

(1.28-1.73) 

1.49  

(1.18-1.88) 

1.42  

(1.09-1.84) 

1.31  

(1.07-1.60) 

1.34  

(1.19-1.52) 

1.18  

(1.01-1.38) 

1.22  

(1.01-1.48) 

1.24 (1.03-

1.49) 

p-value for trend 

 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 p<0.01 P<0.01 P=0.01 p<0.01 p<0.01 p=0.02 p=0.07 p=0.04 

Adjusted average ratios of means per comorbidity increasei 

 
1.12  

(1.09-1.16) 

1.12  

(1.09-1.14) 

1.11  

(1.08-1.14) 

1.07 

(1.04-1.10) 

1.07  

(1.05-1.09) 

1.06  

(1.04-1.08) 

1.06  

(1.03-1.09) 

1.05  

(1.02-1.09) 

1.05  

(1.02-1.08) 

1.05  

(1.04-1.07) 

1.03  

(1.01-1.05) 

1.03  

(1.01-1.05) 

1.03  

(1.01-1.05) 
 

a Doctor-diagnosed comorbidity refers to any comorbidity the patient reported as diagnosed by a doctor;  b Ratios of means were adjusted by age; c Ratios of means were adjusted by MS onset-type; d 

Ratios of means were adjusted by age, sex and MS onset-type;e Ratios of means were adjusted by age and sex; f Ratios of means were adjusted by age and MS onset-type; g Ratios of means were adjusted 

by age and MS duration; h Ratios of means were adjusted by age, sex, MS onset-type and MS duration; i  Adjusted ratios and average ratios of mean in bold font indicate significance at 95% confidence 

interval (CI). 
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Supplementary Table 5.4. Relative contribution of doctor-diagnosed comorbiditya groups for each MS symptom severity- results from general dominance 

analysis 

Common symptoms 

in MSb 

Feelings 

of 

anxiety  

Feelings of 

depression Pain Fatigue Cognitive 

symptoms  
Sensory 

symptoms 

Walking 

difficulty 

Difficulty 

with 

balance 

Vision 

problems 

Bowel 

problems 

Sexual 

dysfunction 

Bladder 

problems Spasticity 

  

Total variance 

explained by all 

comorbidity groups 

(% R2) 

15.02 14.33 10.69 7.76 6.21 5.78 5.26 5.03 4.15 3.86 3.67 3.48 3.24 

  

Comorbidity groups                                             Standardized general dominance weightsj 

Circulatory 

disordersc 
4.2 (2) 1.8 9.0 8.9 2.8 7.0 28.9 (2) 28.7 (2) 13.2 10.1 18.7 18.5 (2) 21.2 (2) 

Endocrine and 

metabolic disordersd 
2.2 1.9 6.9 8.7 5.5 2.9 4.6 9.7 6.8 12.1 4.1 2.6 1.7 

Chronic renal disease 0.1 0.1 1.4 0.2 0.3 2.2 1.1 1.2 0.4 0.3 0.6 2.0 0.3 

Musculoskeletal 

disorderse 
4.1 6.8 (2) 24.7 (2) 17.8 (2) 5.2 14.2 (2) 41.8 (1) 35.4 (1) 22.3 (2) 37.5 (1) 20.8 (2) 31.9 (1) 48.9 (1) 

Gastrointestinal 

disordersf 
0.2 0.5 0.7 8.9 1.7 4.2 0.6 0.4 0.7 0.6 0.1 0.2 0.8 

Psoriasis 1.5 3.3 1.4 2.4 6.1 6.0 2.5 1.2 1.0 0.4 5.7 5.8 3.4 

Anaemia 0.5 0.8 0.3 0.7 1.4 6.5 5.6 2.7 0.7 1.2 6.1 0.2 1.4 

Nervous system 

disordersg 
1.2 1.3 11.4 7.7 13.9 (2) 13.6 0.3 2.4 4.8 2.2 3.3 2.6 2.4 

Allergies 3.3 2.1 8.8 1.9 2.7 5.9 1.6 0.6 0.4 2.2 0.7 0.5 0.7 

Cancer 0.1 0.1 1.9 0.1 1.3 2.6 0.8 0.5 0.6 0.8 2.0 0.3 0.1 

Other autoimmune 

diseaseh 
0.8 0.4 3.8 5.4 1.5 5.2 2.3 0.7 0.3 0.8 6.0 5.7 3.0 

Mental health 

disordersi 
81.5 (1) 80.8 (1) 27.3 (1) 36.5 (1) 56.8 (1) 27.7 (1) 5.1 6.9 10.1 26.3 (2) 31.6 (1) 15.2 14.3 

Eye diseases 0.3 0.3 2.7 1.0 1.0 2.0 4.8 6.8 38.76 (1) 5.7 0.6 14.6 1.9 
 

a Doctor-diagnosed comorbidity refers to any comorbidity the patient reported as diagnosed by a doctor; b The severity of each symptom was based from a 0 to 10 numeric rating scale wherein 0 = least severe to 10 = most 

severe; c hypertension, heart diseases, myocardial infarction, stroke and peripheral vascular diseases; d Include high cholesterol, type 1 diabetes, type 2 diabetes, hyperthyroidism and hypothyroidism; e Include osteoporosis, 

osteoarthritis, rheumatoid arthritis, systemic lupus erythematosus; f Include inflammatory bowel disease and coeliac disease; g Include epilepsy and migraine; h Include autoimmune diseases aside from MS; I Include 

depression and anxiety; j Standardized general dominance weight is the contribution of each comorbidity group to the overall R2 normed or standardized to be out of 100%. The shaded area highlights the 2 comorbidity 

groups with the highest contribution ranked. 
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Supplementary Table 5.5. Relative contribution of individua doctor-diagnosed comorbiditiesa for each MS symptom severity - results from general 

dominance analysis 

Common 

symptoms in MSb 

Feelings 

of anxiety  
Feelings of 

depression Pain Fatigue Cognitive 

symptoms  
Sensory 

symptoms 

Walking 

difficulty 

Difficulty 

with 

balance 

Vision 

problems 

Bowel 

problems 

Sexual 

dysfunction 

Bladder 

problems 

Spa

stic

ity 

Comorbidity 

groups 
Standardized general dominance weightsc 

Circulatory disorders 

    Hypertension 3.5 - - - - - 12.5 (2) 12.7 - - - 1.0 4.9 

    Heart diseases 0.5 - - - - - 11.2 20.1 (2) - - - 27.3 (2) 

12.

5 

(2) 

    Myocardial 

infarction 
0.2 - - - - - 2.2 3.2 - - - 3.5 1.1 

    Stroke 0.5 - - - - - 0.7 0.7 - - - 2.3 7.0 

Peripheral 

vascular disease 
0.2 - - - - - 7.5 3.0 - - - 15.9 6.1 

Musculoskeletal disorders 

   Osteoporosis - 2.5 14.4 27.3 (2) - 21.2 (2) 56.5 (1) 45.2 (1) 9.8 53.7 (1) 26.3 (2) 38.2 (1) 

52.

2 

(1) 

   Osteoarthritis - 2.6 25.0 (2) 8.1 - 10.0 5.9 7.2 16.6 (2) 10.2 16.7 7.8 5.3 

Rheumatoid 

arthritis 
- 3.0 9.3 2.0 - 4.5 3.4 7.7 9.7 0.3 1.4 3.8 8.5 

   Systemic lupus 

erythematosus 
- 0.6 3.9 1.6 - 5.7 0.2 0.2 3.8 3.2 4.7 0.3 2.5 

Nervous system disorders 

   Epilepsy - - - - 4.1 - - - - - - - - 

   Migraine - - - - 11.0 (2) - - - - - - - - 

Mental health disorders 

   Depression 43.8 (2) 77.8 (1) 32.1 (1) 45.5 (1) 78.6 (1) 45.9 (1) - - - 28.7 (2) 46.9 (1) - - 

   Anxiety 51.4 (1) 13.7 (2) 15.4 15.4 6.4 13.1 - - - 3.9 4.0 - - 

Eye diseases - - - - - - - - 60.1 (1) - - - - 
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a Doctor-diagnosed comorbidity refers to any comorbidity the patient reported as diagnosed by a doctor; b The severity of each symptom was based from a 0 to 10 numeric rating scale wherein 

0 = least severe to 10 = most severe; c Standardized general dominance weight is the contribution of each comorbidity group to the overall R2 normed or standardized to be out of 100%. The 

shaded area highlights the 2 individual comorbidities with the highest contribution ranked. 

 



 
 

177 | P a g e  

 

 

Appendix 5.A. Publication of Chapter 5: “Comorbidities contribute 

substantially to the severity of common multiple sclerosis symptoms” 

Lo, L.M.P., Taylor, B.V., Winzenberg, T., Palmer, A.J., Blizzard, L., van der Mei, I. 

Comorbidities contribute substantially to the severity of common multiple sclerosis symptoms. 

Journal of Neurology. 2020; https://doi.org/10.1007/s00415-020-10192-z. 
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Chapter 6 

Comorbidity patterns in people with multiple sclerosis: A 

latent class analysis of the Australian Multiple Sclerosis 

Longitudinal Study 

 

6.1. Preface 

In this chapter, we addressed the following aims: a) Determine whether clinically meaningful 

comorbidity patterns could be ascertained, and b) Examine associations between demographics 

and clinical characteristics and the identified comorbidity patterns in MS. The manuscript is 

currently under review by an international journal in the field of neurology (the manuscript has 

been re-submitted with the reviewer’s comments addressed). 

6.2. Abstract 

Objective  

To identify clinically meaningful comorbidity patterns and their associations with the 

demographics/clinical characteristics of people with Multiple Sclerosis (MS). 

Study design and setting 

We conducted latent class analysis to identify clinically distinct comorbidity patterns in MS 

using the 15 most common comorbidities among 1,518 Australian MS Longitudinal Study 

participants. The associations between demographics/clinical characteristics and comorbidity 

patterns were examined using log-binomial and multinomial logistic regression. 
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Results 

Five distinct comorbidity patterns were identified: “minimally-diseased class” (30.8%) of 

participants with no or one comorbidity; “metabolic class” (22.7%); “mental health-allergy 

class” (21.7%); “non-metabolic class” (7.6%) and “severely-diseased class” (7.0%) of 

participants with higher prevalence of these comorbidities. The relative probabilities (relative 

risk ratios, 95% confidence intervals) of being assigned to comorbidity classes compared to the 

minimally-diseased class were significantly increased for participants who were older 

(metabolic: 1.09 (1.06-1.11); non-metabolic: 1.07 (1.04-1.11); severely-diseased: 1.04 (1.01-

1.08)), female (non-metabolic: 5.35 (1.98-14.42); severely-diseased: 2.21 (1.02-4.77)), obese 

(metabolic: 4.06 (2.45-6.72); mental health-allergy: 1.57 (1.00-2.46); severely-diseased: 4.53 

(2.21-9.29)) and had moderate disability (mental health-allergy: 2.32 (1.47-3.64); severely-

diseased: 2.65 (1.16-6.04)).  

Conclusion 

Comorbidity patterns exist in MS. Women, people who were older, obese and had higher 

disability levels were more likely to be in classes with higher levels of comorbidity. These 

findings may offer opportunities for designing more personalised approaches on comorbidity 

prevention and treatment.  

6.3. Introduction 

Comorbidities, the medical conditions that co-occur with an index disease, are prevalent in 

people with chronic conditions like multiple sclerosis (MS) [1]. Previous studies have 

demonstrated that 77%  of people with MS (PwMS) report at least one comorbidity, of whom 

44% had three or more comorbidities [2,3]. In our previous work, comorbidities were common 
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at MS symptom onset and the burden of comorbidities continued to increase with disease 

duration [4]. Until recently, prevalence studies in MS were designed towards identifying 

individual comorbidities and their impact on MS health outcomes [3,5-7], management and 

treatment [7,8]. However, comorbidities are a complex phenomenon, and it is unrealistic to 

identify all possible comorbidity combinations to fully describe their impact. In people with 

chronic conditions like MS, simultaneously managing multiple comorbidities might be more 

challenging with a risk of serious adverse events [9,10]. Although information exists regarding 

disease patterns in various populations [11-14], our understanding on how comorbidities 

cluster and their association with the demographics/clinical characteristics in PwMS is limited.  

Identifying frequently occurring comorbidity patterns in PwMS could be useful for clinicians 

and health policymakers in developing a comprehensive MS clinical care or management 

paradigm. Shifting from a “single-disease paradigm” to a “multi-morbidity approach” may 

also help to provide a more practical and personalised management approach for PwMS living 

with comorbidities. Therefore, using the comorbidity data of the Australian MS Longitudinal 

Study (AMSLS) participants, we aimed to determine whether clinically meaningful 

comorbidity patterns could be ascertained and, if so, their associations with the 

demographics/clinical characteristics of PwMS.  

 

6.4. Methods 

 6.4.1. Study population 

The AMSLS is a large, ongoing survey-based research study supported by MS Research 

Australia and MS societies in all Australian states and territories [15]. It includes over 3,000 

adult Australians with MS, of whom around 96% have a definite diagnosis of MS by  

neurologists using the McDonald Criteria [15,16]. The study was approved by the Tasmanian 

Health and Medical Human Research Ethics Committee [15]. All participants provided 
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informed consent. In August to October 2016, 3,112 active participants were invited to 

complete the AMSLS Lifestyle and Environment Survey of whom 1,518 (49%; 1,067 online 

and 451 paper-based) responded to the survey.  

6.4.2. Measurements 

  6.4.2.1. Comorbidities 

The participants were asked about the presence of 30 comorbidities that were frequently 

reported in prior comorbidity studies in MS [1,17,2]. For each comorbidity, we asked “Do you 

have or have you had this condition?” (Yes/No). If yes, the participant was coded as having 

that comorbidity. We subsequently asked: “Was it diagnosed by a doctor?” (Yes/No/Don’t 

know). If yes, the participant was coded as having that doctor-diagnosed comorbidity. The 

“Don’t know” group was combined with the “No” group.  The total comorbidities (i.e. any 

comorbidity the patient reported having) and doctor-diagnosed comorbidities (i.e. any 

comorbidity the patient reported as diagnosed by a doctor) were counted. Because of power 

considerations, we only included comorbidities with a prevalence of >5% in our study sample, 

which excluded chronic renal disease, inflammatory bowel disease, coeliac disease, bipolar 

disorder, schizophrenia, Parkinson’s disease, epilepsy, systemic lupus erythematosus, and 

other autoimmune disorders. We re-grouped and combined some comorbidities into categories: 

vascular disorders (i.e. heart diseases, myocardial infarction, stroke, peripheral vascular 

diseases), thyroid disorders (i.e. hypothyroidism, hyperthyroidism) and diabetes mellitus (i.e. 

type 1 and type 2 diabetes) consistent with other studies [18,19]. This left us with 12 

comorbidities and three comorbidity groups listed in Table 6.2.  

6.4.2.2. Demographics/Clinical characteristics 

MS duration was calculated by subtracting years since MS diagnosis from survey date. Body 

mass index (BMI) was calculated by dividing self-reported weight (in kilograms) by height2 
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(in metres) and was categorized using World Health Organization classification system [20]. 

Disability was measured using the Patient-Determined Disease Steps Scale (PDDS, scored 

from 0 (no disability and only mild symptoms) to 8 (bedridden)), a validated patient-reported 

instrument to measure disability in MS that is strongly correlated with the Expanded Disability 

Status Scale (EDSS, r=0.78) [21,22]. Area-level socioeconomic status was assessed using the 

Index of Economic Resources (IER) from Socio-Economic Indexes for Areas (SEIFA) which 

captures the economic resources (i.e. household income, expenditures, wealth) of the 

households within an area [23]. Data were presented as quintiles whereby the first quintile 

(deciles 1 and 2) lived in areas with the poorest access to economic resources and fifth quintile 

(deciles 9 and 10) the greatest access. Data on sex, disease modifying therapy (DMT) status, 

MS onset-types (i.e. relapse-onset and progressive-onset) and education attainment were also 

obtained from the survey. 

6.4.3. Statistical analysis 

We used descriptive statistics for each demographics/clinical characteristic and calculated the 

prevalence of each comorbidity. We used latent class analysis (LCA) without any a priori 

assumptions about the number of latent classes that would best fit our data using the 15 most 

prevalent comorbidities. LCA is a probabilistic approach that aims to identify the most 

appropriate model with no fixed class membership.  Using LCA, each participant was assigned 

to one class according to his/her highest computed probability of membership by performing a 

stepwise analysis starting with a two-class LCA model then adding another class for each 

successive model until we were able to determine the optimal number of latent classes [24,25]. 

Our model selection was based on the following criteria: 1) acceptable model fit indices 

(Supplementary Table 1) [26,27], 2) sufficient number of participants in each class, 3) 

probabilities of the participant’s membership to each latent classes, and 4) clinical 

interpretability of each class [28,29]. Class distinction was also measured using average 
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posterior probabilities (AvePP) where values above 0.70 represents clear separation and low 

misclassification error [30]. After selecting the optimal model, we tested whether an individual 

comorbidity is more commonly linked to a particular class than other, we calculated the ratio 

between observed and expected frequencies (O/E) of that comorbidity in each class. For this  

we calculated the observed prevalence (i.e. prevalence of a particular comorbidity in the 

identified latent classes) for each comorbidity in each class and divided it by the expected 

prevalence (i.e. prevalence of  comorbidity in the total sample) of each comorbidity in the total 

cohort. Each latent class was labelled according to the groups of comorbidities where the 

prevalence exceeded the prevalence of the total cohort  [11,28]. The associations between 

demographics/clinical characteristics and comorbidity classes were determined using 

multivariate, multinomial logistic regression, with results presented as relative risk ratios 

(RRR). A post-estimation marginal analysis was done to determine the predicted probabilities 

of being in different comorbidity classes according to the age of PwMS. For sensitivity 

analysis, the same models used above were rerun using doctor-diagnosed comorbidities to test 

whether similar latent classes and disease profiles were ascertained. All analyses were 

performed using STATA/IC for Windows (version 15.0; StataCorp LP, College Station, Texas, 

USA). The significance level was set at 95% confidence intervals (CIs). 

6.5. Results 

6.5.1. Demographics/clinical characteristics of PwMS 

Participants were predominantly female (79.6%) with a mean age of 56.1 years (Table 6.1). 

The average MS duration since diagnosis was 16.1 years, 88.1% had relapse-onset MS, 62.1% 

were currently receiving a DMT, 41.9% had normal BMI (as defined by BMI=18.5-25.0), 

17.9% had severe disability (as defined by PDDS score>6), 36.6% had university bachelor’s 

or postgraduate degrees, and 21.2% had greatest access to economic resources.  
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Compared with non-participants, the participants of the survey were slightly older (+1.49 years, 

p <0.01) and had a longer MS duration since diagnosis (+0.56 years, p=0.04) but no difference 

in sex (p=0.10) and education attainment (p=0.11).  

Table 6.1.  Demographics/clinical characteristics of people with MS 

Characteristic n (%) 

Age groups (years), n (%) 

        <35  42 (2.8) 

        35-44 217 (14.5) 

        45-54 368 (24.5) 

        55-64 517 (34.5) 

        65-74 304 (20.3) 

        75+ 52 (3.5) 

MSc duration (years), n (%) 

        <10 421 (28.3) 

        10-15 488 (32.8) 

        16-20 260 (17.5) 

        21-25 138 (9.3) 

        26-30 84 (5.7) 

        31+ 95 (6.4) 

Sex, n (%) 

        Male 309 (20.4) 

        Female 1209 (79.6) 

Currently on Disease Modifying Therapy, n (%) 

        Yes 759 (62.1) 

        No 464 (37.9) 

MS onset-type a, n (%) 

        Relapse-onset MSb 1059 (88.1) 

        Progressive-onset MSc 143 (11.9) 

Body mass index (kg/m2), n (%) 

        Normal (BMI = 18.5 to 24.9) 613 (41.9) 

        Overweight (BMI = 25 to 29.9) 465 (31.8) 

        Obese (BMI = 30 and over) 384 (26.3) 

Patient determined disease steps (PDDS) category, n (%) 

        No disability (PDDS score = 0) 293 (24.4) 

        Mild disability (PDDS score = 1-2) 278 (23.2) 

        Moderate disability (PDDS score = 3-5) 415 (34.6) 

        Severe disability (PDDS score > 6) 215 (17.9) 

Test for trend  

Education attainment, n (%) 

Primary and Secondary school  495 (33.5) 

Occupational certificate/diploma 442 (29.9) 

University bachelor’s degree 323 (21.9) 

University postgraduate degree 217 (14.7) 

Relative socioeconomic statusd, n (%) 
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         First quintile (poorest access) 250 (16.6) 

         Second quintile 289 (19.2) 

         Third quintile 321 (21.3) 

         Fourth quintile 327 (21.7) 

         Fifth quintile (greatest access) 319 (21.2) 
  

a Excluded those who ticked “unsure” (n = 52) and those who did not specify their MS onset type (n = 264);  b 

Includes relapsing remitting multiple sclerosis and secondary progressive multiple sclerosis; c Includes primary 

progressive multiple sclerosis and progressive relapsing multiple sclerosis; d The relative socioeconomic status 

was assessed using the Socio-Economic Indexes for Areas (SEIFA), specifically the Index of Economic 

Resources (IER) developed by the Australian Bureau of Statistics whereby the first quintile (deciles 1 and 2) 

lived in areas with the poorest access to economic resources and fifth quintile (deciles 9 and 10) the greatest 

access; Bold font indicates significance at 95% confidence intervals (CI).  

 

6.5.2. Prevalence of comorbidities  

For total comorbidities, 90.7% (n=1,361) of participants reported at least one comorbidity, and 

76.3% had two or more comorbidities (Table 6.2). The mean (SD) number of comorbidities 

reported by all participants was 3.2 (2.1). The most prevalent comorbidities were depression 

(42.7%), anxiety (39.0%), allergies (37.4%), hypertension (30.2%), migraine (28.1%), high 

cholesterol (23.4%) and osteoarthritis (23.3%). For doctor-diagnosed comorbidities, 84.9% 

reported at least one comorbidity, of whom 65.8% had two or more comorbidities. The most 

common doctor-diagnosed comorbidities were depression (35.6%), hypertension (29.8%), 

allergies (28.6%), anxiety (23.7%) and high cholesterol (23.2%). 

Table 6.2. The prevalence of total and doctor-diagnosed comorbidities of people with MS 

                                                                                                                      AMSLSa (N = 1,518) 

 

Total comorbidityb 

Doctor-

diagnosed 

comorbidityc 

Number of participants without any comorbidity, n (%) 157 (10.3) 229 (15.1) 

Number of participants with 1 comorbidity, n (%) 203 (13.4) 290 (19.1) 

Number of participants with 2 or more comorbidities, n 

(%) 

1,158 (76.3) 999 (65.8) 

Mean number of comorbidities for all participants (mean, 

SD) 

3.2 (2.1) 2.7 (2.1) 

  

Comorbidity Prevalence, % (n) 

Depression 42.7 (648) 35.6 (540) 

Anxiety  39.0 (592) 23.7 (359) 
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Allergies 37.4 (568) 28.6 (434) 

Hypertension 30.2 (458) 29.8 (453) 

Migraine 28.1 (426) 19.4 (294) 

High cholesterol 23.4 (357) 23.2 (352) 

Osteoarthritis 23.3 (353) 21.5 (326) 

Eye diseases 14.4 (218) 13.3 (202) 

Cancer 13.9 (211) 13.8 (209) 

Anaemia 13.3 (202) 12.9 (195) 

Osteoporosis 12.7 (192) 12.3 (186) 

Vascular disordersd 10.7 (162) 10.2 (155) 

Thyroid disorderse 10.3 (156) 9.9 (150) 

Psoriasis 9.0 (137) 7.3 (111) 

Diabetes mellitusf 5.9 (89) 5.8 (88) 

  
Abbreviation: SD = standard deviation 
a AMSLS = Australian Multiple Sclerosis Longitudinal Study;  b Total comorbidity refers to any comorbidity the patient 

reported having with a prevalence of > 5%; c Doctor-diagnosed comorbidity refers to  any comorbidity the patient 

reported as diagnosed by a doctor with a prevalence of > 5%; d Vascular disorders include heart diseases, myocardial 

infarction, stroke and peripheral vascular diseases; e Thyroid disorders include hypothyroidism and hyperthyroidism; f 

Diabetes mellitus includes type 1 and type 2 diabetes. 

 

6.5.3. Comorbidity patterns in PwMS 

Based on model fit parameters (Supplementary Table 6.1), we chose the five-class model that 

showed distinct comorbidity classes, both qualitatively (comorbidity types) and quantitatively 

(number and prevalence of comorbidities) [28].  We named the first class “minimally-

diseased” as the observed prevalence of all comorbidities was lower than their expected 

prevalence in the total cohort (i.e. O/E ratio<1) (Table 6.3). The second class was termed 

“metabolic” as the observed prevalence of hypertension, high cholesterol, vascular diseases, 

diabetes mellitus, thyroid disorders, osteoporosis, osteoarthritis, cancer and eye diseases were 

higher than their expected prevalence (i.e. O/E ratio>1). The third class showed O/E ratio>1 

for thyroid disorders, osteoporosis, osteoarthritis, psoriasis, anaemia, migraine, allergy, cancer 

and eye diseases and was termed “non-metabolic”. The fourth class showed O/E ratio>1 for 

migraine, depression, anxiety and allergy and was termed “mental health-allergy”. Lastly, the 

fifth class showed O/E ratio>1 for all comorbidities and was termed “severely-diseased” class. 
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Similar comorbidity classes were observed for doctor-diagnosed comorbidities except that the 

“mental health-allergy” class was re-labelled as“mental health-allergy-thyroid” as it showed 

O/E ratio>1 for migraine, depression, anxiety, allergy and thyroid disorders (Supplementary 

Table 6.2).  

The minimally-diseased (n=468; 30.8%) was the second largest class and around 70% of the 

members in this class had less than two comorbidities (Table 6.3). All participants belonging 

to the metabolic (n=344; 22.7%), mental health-allergy (n=481; 31.7%) and non-metabolic 

(n=116; 7.6%) classes had an average of four comorbidities.  The severely-diseased class had 

the least number of participants (n=109; 7.2%) but had an average of eight comorbidities. 

Characteristics of the 5-class model were similar using doctor-diagnosed comorbidities, except 

that the minimally-diseased class was the largest class and approximately 80% of the members 

in this class had less than two comorbidities (Supplementary Table 6.2). 

Table 6.3. The characteristics and the observed/expected (O/E) ratios of the total comorbiditiesa 

of people with MS in the 5-class model identified by latent class analysis 

 Latent classes 

1 2 3 4 5 

Assigned class name 
Minimally-

diseased  

Metabolic  Non-

metabolic  

Mental health-

Allergy  

Severely-

diseased  

Total participants, 

n(%) 
468 (30.8) 344 (22.7) 116 (7.6) 481 (31.7) 109 (7.2) 

Proportion of having 

comorbidity 
0.7 1.0 1.0 1.0 1.0 

Number of 

comorbidities of the 

participants (mean, 

SD)b 

0.9 + 0.8 4.0 + 1.4 4.0 + 1.2 3.5 + 1.2 7.6 + 1.4 

Mean age (years), n 

(SD) 
53.8 (11.2) 63.2 (8.5) 61.5 (10.9) 51.4 (10.3) 58.3 (9.5) 

Female, n (%) 353 (75.4) 257 (74.7) 107 (92.2) 396 (82.3) 96 (88.1) 
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Observed/Expected (O/E) ratiosc per comorbidity 

Hypertension 0.3 2.4 0.4 0.5 1.8 

High cholesterol 0.3 2.2 0.2 0.6 2.6 

Vascular diseasesd 0.2 2.2 0.8 0.4 2.8 

Diabetes mellituse 0.3 2.4 0.3 0.3 2.9 

Thyroid disordersf 0.4 1.2 1.5 1.0 1.7 

Osteoporosis 0.4 1.5 2.7 0.4 1.8 

Osteoarthritis 0.1 1.6 2.0 0.6 2.6 

Psoriasis 0.5 0.8 1.4 1.0 2.8 

Anaemia 0.4 0.6 2.0 0.9 3.2 

Migraine 0.4 0.5 1.5 1.4 2.6 

Depression 0.3 0.7 0.6 1.8 2.0 

Anxiety 0.3 0.6 0.3 1.9 2.2 

Allergy 0.5 0.7 1.6 1.2 1.9 

Cancer 0.5 1.4 1.7 0.6 2.0 

Eye diseases 0.3 1.5 1.9 0.7 2.0 

AvePP (95% CI)g 
0.77 (0.76-

0.79) 

0.79 (0.77-

0.80) 

0.69 (0.66-

0.72) 

0.75 (0.74-

0.77) 

0.77 (0.74-

0.81) 

 

 a Total comorbidity refers to any comorbidity the patient reported having; b Excluding MS; c Observed/Expected (O/E) ratios 

were calculated from observed prevalence (i.e. prevalence obtained from LCA analysis) divided by expected prevalence 

(i.e. total comorbidity count over the total sample); d Vascular disorders include heart diseases, myocardial infarction, stroke 

and peripheral vascular diseases; e Diabetes mellitus includes type 1 and type 2 diabetes; f Thyroid disorders include 

hypothyroidism and hyperthyroidism; g AvePP =  average posterior probabilities, values above 0.70 represents clear 

separation and low misclassification error; In each class, any comorbidity with a prevalence >1 in bold to facilitate 

interpretation.  

 

6.5.4. Association between demographics/clinical characteristics and comorbidity 

patterns of PwMS - results from multinomial logistic regression 

Based on total comorbidities, females had a higher relative probability of being in the non-

metabolic or severely-diseased class when compared to the minimally diseased class (Table 

6.4). Longer MS duration was also associated with an increase in the relative probability of 
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belonging to the non-metabolic class. Being overweight or obese was associated with a large 

increase in the relative probability of either being in the metabolic, mental-health-allergy or 

severely-diseased class. The relative probability of being in the mental health-allergy or 

severely-diseased class for PwMS with mild to moderate disability was more than double the 

corresponding relative probability for PwMS with no disability. Conversely, DMT status, MS 

onset-types, education attainment and relative socioeconomic status were not associated with 

belonging to any comorbidity class.  

Greater age was also associated with being assigned to different comorbidity classes. Figure 

6.1 shows that the probability of belonging to the minimally-diseased and mental health-allergy 

classes decreased with increasing age, while this probability strongly increased for the severely-

diseased class. The probability of belonging to the metabolic and non-metabolic classes 

changed little with increasing age. When modelling this, compared to minimally-diseased class, 

each ten-year increase in age, the relative probability of being in the metabolic, non-metabolic 

or severely-diseased  class was on average 9%, 7% and 4% higher, respectively (Table 6.4). 

Conversely, the relative probability of belonging to the mental health-allergy class was 

significantly reduced by 3% (RRR 0.97; (95%CI: 0.95-0.99). Similar relative probabilities 

were seen with doctor-diagnosed comorbidities (Supplementary Table 6.3 and Supplementary 

Figure 6.1). 
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Table 6.4.  Association between demographics/clinical characteristics and comorbidity patterns of PwMS - results from multinomial logistic 

regression (based from total comorbiditiesa) 

Variables 

Minimally-

diseased  
Metabolic  Non-metabolic  Mental health-Allergy Severely-diseased  

n (%) 

RRR 

(95%

CI) 

n (%) 
RRR 

(95%CI) 
n (%) RRR (95%CI) n (%) RRR (95%CI) n (%) RRR (95%CI) 

Age (per 10-year 

increase) 
 1.00  

1.09 (1.06-

1.11) 
 

1.07 (1.04-

1.11) 
 

0.97 (0.95-

0.99) 
 

1.04 (1.01-

1.08) 

MS duration (per 5-year 

increase) 
 1.00  

1.01 (0.99-

1.04) 
 

1.04 (1.00-

1.07) 
 

1.00 (0.98-

1.03) 
 

0.99 (0.95-

1.03) 

Sex, n (%) 

   Male 
155 

(24.6) 
1.00 87 (25.3) 1.00 9 (7.8) 1.00 85 (17.7) 1.00 13 (11.9) 1.00 

   Female 
353 

(75.4) 
1.00 257 (74.7) 

1.45 (0.90-

2.33) 
107 (92.2) 

5.35 (1.98-

14.42) 
396 (82.3) 

1.09 (0.72-

1.65) 
96 (88.1) 

2.21 (1.02-

4.77) 

Currently on Disease Modifying Therapy, n (%) 

   Yes 
248 

(66.9) 
1.00 143 (50.7) 1.00 47 (48.5) 1.00 269 (69.7) 1.00 52 (59.8) 1.00 

   No 
123 

(33.2) 
1.00 139 (49.3) 

1.18 (0.76-

1.83) 
50 (51.6) 

1.64 (0.90-

3.00) 
117 (30.3) 

1.34 (0.89-

2.00) 
35 (40.2) 

1.15 (0.60-

2.17) 

MS onset type b, n (%) 

    Relapse-onset MSc 
332 

(88.5) 
1.00 235 (82.8) 1.00 78 (87.6) 1.00 334 (90.8) 1.00 80 (93.0) 1.00 

    Progressive-onset MSd 
43 

(11.5) 
1.00 49 (17.2) 

1.52 (0.81-

2.84) 
11 (12.4) 

0.98 (0.37-

2.60) 
34 (9.2) 

1.41 (0.76-

2.62) 
6 (7.0) 

0.69 (0.24-

2.04) 

Body mass index (kg/m2), n (%) 

   Normal (BMI = 18.5 to 

24.9) 

239 

(52.9) 
1.00 94 (28.2) 1.00 50 (47.6) 1.00 207 (44.6) 1.00 23 (21.3) 1.00 

   Overweight (BMI = 25 

to 29.9) 

127 

(28.1) 
1.00 121 (36.3) 

2.49 (1.58-

3.93) 
34 (32.4) 

1.15 (0.61-

2.18) 
144 (31.0) 

1.37 (0.93-

2.03) 
39 (36.1) 

2.63 (1.30-

5.33) 

    Obese (BMI = 30 and 

over) 

86 

(19.0) 
1.00 118 (35.4) 

4.06 (2.45-

6.72) 
21 (20.0) 

1.46 (0.72-

2.97) 
113 (24.4) 

1.57 (1.00-

2.46) 
46 (42.6) 

4.53 (2.21-

9.29) 
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Patient determined disease steps (PDDS) category, n (%) 

   No disability (PDDS 

score = 0) 

118 

(32.7) 
1.00 49 (18.1) 1.00 23 (24.0) 1.00 91 (23.6) 1.00 12 (13.8) 1.00 

   Mild disability (PDDS 

score = 1-2) 

81 

(22.4) 
1.00 50 (18.5) 

1.23 (0.69-

2.20) 
19 (19.8) 

1.02 (0.46-

2.26) 
109 (28.2) 

2.02 (1.27-

3.22) 
19 (21.8) 

2.26 (0.95-

5.39) 

   Moderate disability 

(PDDS score = 3-5) 

98 

(27.2) 
1.00 102 (37.6) 

1.58 (0.93-

2.70) 
32 (33.3) 

1.31 (0.63-

2.71) 
143 (37.1) 

2.32 (1.47-

3.64) 
40 (46.0) 

2.65 (1.16-

6.04) 

   Severe disability (PDDS 

score > 6) 

64 

(17.7) 
1.00 70 (25.8) 

1.16 (0.62-

2.19) 
22 (22.9) 

0.73 (0.30-

1.81) 
43 (11.1) 

1.02 (0.55-

1.89) 
16 (18.4) 

2.23 (0.84-

5.92) 

Education attainment, n (%) 

    Primary and Secondary 

school  

142 

(31.1) 
1.00 151 (44.7) 1.00 44 (40.7) 1.00 128 (27.4) 1.00 30 (28.3) 1.00 

    Occupational 

certificate/diploma 

131 

(28.7) 
1.00 91 (26.9) 

1.07 (0.66-

1.73) 
29 (26.9) 

1.09 (0.54-

2.22) 
148 (31.6) 

1.27 (0.81-

2.00) 
43 (40.6) 

1.76 (0.88-

3.54) 

    University bachelor’s 

degree 

116 

(25.4) 
1.00 64 (18.9) 

0.85 (0.50-

1.45) 
23 (21.3) 

1.19 (0.57-

2.51) 
101 (21.6) 

0.91 (0.56-

1.49) 
19 (17.9) 

1.23 (0.55-

2.74) 

    University postgraduate 

degree 

68 

(14.9) 
1.00 32 (9.5) 

0.94 (0.49-

1.80) 
12 (11.1) 

1.26 (0.51-

3.11) 
91 (19.4) 

1.62 (0.95-

2.78) 
14 (13.2) 

1.60 (0.63-

4.05) 

Relative socioeconomic statuse, n (%) 

      First quintile (poorest 

access) 

76 

(16.4) 
1.00 60 (17.5) 1.00 17 (14.7) 1.00 78 (16.3) 1.00 19 (18.8) 1.00 

      Second quintile 
95 

(20.5) 
1.00 61 917.8) 

0.78 (0.41-

1.50) 
17 (14.7) 

0.99 (0.36-

2.71) 
86 (18.0) 

0.93 (0.52-

1.67) 
30 (28.0) 

1.09 (0.47-

2.53) 

      Third quintile 
94 

(20.3) 
1.00 77 (22.5) 

1.16 (0.62-

2.18) 
31 (26.7) 

1.43 (0.55-

3.72) 
99 (20.7) 

1.07 (0.60-

1.89) 
20 (18.7) 

1.03 (0.43-

2.43) 

      Fourth quintile 
101 

(21.8) 
1.00 71 (20.8) 

1.04 (0.55-

1.94) 
27 (23.9) 

1.05 (0.39-

2.80) 
110 (23.0) 

1.10 (0.63-

1.92) 
18 (16.8) 

0.47 (0.18-

1.23) 

      Fifth quintile (greatest 

access) 

97 

(21.0) 
1.00 73 (21.4) 

0.92 (0.48-

1.77) 
24 (20.7) 

1.56 (0.60-

4.06) 
105 (22.0) 

1.12 (0.63-

1.98) 
20 (18.7) 

0.66 (0.26-

1.68) 
 

a Total comorbidity refers to any comorbidity the patient reported having; b Excluded those who ticked “unsure” (n = 52) and those who did not specify their MS onset type (n = 264);  c 

Includes relapsing remitting multiple sclerosis and secondary progressive multiple sclerosis; d Includes primary progressive multiple sclerosis and progressive relapsing multiple sclerosis; 

e The relative socioeconomic status was assessed using the Socio-Economic Indexes for Areas (SEIFA), specifically the Index of Economic Resources (IER) developed by the Australian 
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Figure 6.1. Predicted latent class probabilities of comorbidity patterns according to the age of people with MS (based from total 

comorbiditiesa) 

aBased from total comorbidities = refers to any comorbidity the patient reported having. 

Bureau of Statistics where first quintile combined the deciles 1 and 2 that has the poorest access to economic resources and fifth quintile (deciles 9 and 10) the greatest access; Bold font 

indicates significance at 95% confidence intervals (CI). 
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6.6. Discussion 

Using a wide range of reported comorbidities in MS, this study, to the best of our knowledge, 

is the first to pragmatically characterize and identify statistically distinct and clinically 

meaningful comorbidity patterns in MS and their associations with the demographics/clinical 

characteristics of PwMS. In our cohort, 7% carried the highest comorbidity burden (severely 

diseased class, on average eight comorbidities) and they likely require complex treatment and 

health care management. The metabolic (22.7%) and mental health-allergy (31.7%) classes 

together comprised the majority of our cohort, highlighting that these are the groups of 

comorbidities impacting the health of PwMS. Age, sex, obesity and disability were associated 

with the probabilities of belonging to different comorbidity classes, while no associations were 

found in MS onset-types, DMT status, education attainment and relative socioeconomic status. 

The comorbidity patterns identified can be used to recognise PwMS with different healthcare 

needs and it offers opportunities for designing a clinically tailored approach on comorbidity 

prevention and treatment.   

Comprising 7% of our total cohort, PwMS in the severely diseased class carried the heaviest 

comorbidity burden in addition to having MS. The prevalence of all 15 comorbidities were 

higher in this class as compared to the total cohort. Increasing age, being female, 

overweight/obese and having mild/moderate disability were identified as being associated with 

belonging to this class relative to the minimally diseased class. Recognising that this class may 

have complex aetiologies and that reverse causality may be a factor in the accumulation of 

disability and obesity, these findings would suggest that identifying those at risk at an early 

stage of MS and implementing preventative strategies may be a better mechanism to improve 

outcomes rather than using complex interventions late in the disease process. This warrants 

further investigation. 

Chapter 6: Comorbidity patterns in people with multiple sclerosis: A latent class analysis of the Australian 

Multiple Sclerosis Longitudinal Study  



204 | P a g e  

 

A substantial proportion (31.7%) of PwMS belonged to the mental health-allergy class and 

together with the metabolic class (22.7%), they constituted more than 50% of our total cohort. 

Compared to the severely diseased class, PwMS in these classes had fewer comorbidities (mean 

of four for both). Being obese/overweight was associated with being assigned to the metabolic 

class relative to the minimally diseased class. This finding is consistent with the study of 

Prados-Torres et al. who reported that obesity, when present in early age, could activate the 

immune system and lead to the development of metabolic syndrome in older years [31]. 

Further, being obese and having mild/moderate disability was also associated with the mental 

health-allergy class. Obesity can be a predictor of this comorbidity class as a consequence of 

poor lifestyle and as an adverse effect of new-generation antipsychotic medications [31]. 

Moreover, the presence of a mental health comorbidity may be a reaction to increased 

inflammation which can lead to increased neurodegeneration and disability progression rather 

than a reaction to MS or its symptoms [32-34]. Older age increased the absolute probability of 

being in the severely-diseased class, while the probability for the mental health-allergy and 

minimally diseased class was reduced in older PwMS. These findings align with the literature 

where the prevalence of comorbidities in other classes significantly increase with age while the 

comorbidities clustered in the mental health-allergy class are more common at a younger age 

and the prevalence of these comorbidities reduced slightly with age and become generally 

stable over time [35].  

Collectively, our results demonstrated that comorbidities tend to cluster together in MS. This 

method gives a comprehensive view of the overall clinical presentation and provides additional 

information over what studies of individual comorbidities can provide [36]. Awareness of these 

patterns and associated demographic and clinical characteristics may assist with the 

identification of groups of PwMS, who are a priority in primary care. Also, addressing some 

of the characteristics associated with the comorbidity patterns (i.e. obesity) could be part of the 
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holistic and integrated management approach as well as avoiding excessively high treatment 

burdens that can be associated with treating multiple diseases in isolation.  

It is important to note that comorbidities may have a high prevalence (i.e. based on O/E ratio) 

in multiple classes. These comorbidities might occur together due to similar risk factors, 

pathologies or simply by chance [36]. For example, comorbidities such as hypertension, high 

cholesterol and diabetes may appear in different classes and this is clinically feasible for they 

could share similar underlying risk factors [14]. Meanwhile, comorbidities such as cancer, 

allergy and eye diseases found in the non-metabolic class might occur simply due to chance. 

The mental health-allergy class is characterised by individuals with high probabilities of mental 

health disorders and allergies than all other classes. Coexistence of these comorbidities aligns 

with a previous study that showed PwMS with allergies also reported worse mental health 

problems which can be attributed to cholinergic or beta adrenergic deregulation found in PwMS 

with allergies [37]. Overall, our method does not imply any causal relation among the 

comorbidities but rather identifies comorbidity patterns that commonly coexist in an individual 

which might give us some foreknowledge of what clinical presentations could be expected for 

PwMS. Further patterns might also exist within a class. For instance, PwMS in the severely 

diseased class, with a high average number of comorbidities, may report different combinations 

of comorbidities, suggesting a need for further regrouping of comorbidities in order to study 

the complexity of the comorbidity patterns in this class. However, a significantly larger sample 

size would be required to deliver meaningful results.  

Our results were generally consistent with the findings of prior studies determining 

multimorbidity patterns in different populations [11-14]. These studies showed that 

cardiovascular, metabolic, mental health and musculoskeletal multimorbidity patterns occur 

frequently in different populations [13]. In PwMS, we identified metabolic comorbidities as a 
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class, mental health comorbidities grouping together with allergy, while the musculoskeletal 

comorbidities were nested in the metabolic and non-metabolic classes. However, results should 

be compared with caution due to differences in data structures, type of statistical analyses 

performed, study population used, and the spectrum of comorbidities studied [38], an issue 

which is common in studies examining comorbidity or multimorbidity patterns [13]. 

Conversely, we failed to show the association between comorbidity classes and socioeconomic 

status which is inconsistent with the previous findings that increasing deprivation is associated 

with a higher risk of having comorbidities [39]. This lack of association may be partly because 

the use of area-based SEIFA score might potentially over-or-underestimated the disadvantage 

level of an individual or due to the analyses already stratified on what is more likely to be a 

good measure of the socioeconomic status [11]. 

The major strength of our study was its large sample size. While selection bias may have 

occurred, we found a similar sex distribution and education attainment and the differences in 

age and MS duration were small, making our results likely generalisable to the whole MS 

population. Our study sample also shows similarities in the prevalence of comorbidities 

reported in other cohort studies [1,35] which provides additional evidence for the 

representativeness of our study sample. Another strength is that we included a wide range of 

comorbidities to identify the comorbidity patterns. The study limitations should also be 

recognized.  The comorbidities were self-reported which could  have resulted in recall bias or 

some misclassification or measurement error. Despite our large sample size, we were still not 

able to include comorbidities with a low prevalence. While we used self-reported comorbidity 

data that could have resulted in some measurement error, we found similar patterns and 

associations for both the total and doctor-diagnosed comorbidities. 
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Our study clearly demonstrated that PwMS have distinct patterns of comorbidities and some 

groups (i.e. females, people who were older, obese and had higher disability levels) have higher 

relative probabilities of acquiring other distinct comorbidity classes compared to being in the 

minimally-diseased class. Knowing the comorbidity patterns in MS gives a comprehensive 

overview of the PwMS’ complete health status which may be useful for health professionals, 

healthcare planning and delivery. These data may provide evidence for the development of a 

consensus guideline for MS that appropriately reflect the presence of comorbidities to improve 

disease prognosis of PwMS. The possibility of reverse causality needs to be taken into 

consideration and warrants further investigation.  

6.7. Postscript 

This chapter identified the five (5) clinically meaningful comorbidity patterns in MS and their 

associations with the demographics/clinical characteristics of people with Multiple Sclerosis 

(MS). The next chapter contains the thesis summary as well as the recommendations for 

managing comorbidities. In addition, the succeeding chapter will sight some recommendations 

for future studies regarding comorbidities in MS.  
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6.9. Supplementary Material 

Supplementary Table 6.1. Overall fit statistics between models for the latent class analysis of comorbidity patterns in people with MS 

Number 

of latent 

classes 

Log-likelihood 

(LL) 

% reduction in 

log-likelihood 

from the 

previous latent 

class 

AICa BICb 
 

Profile membership distribution, n (%)c 

 1 2 3 4 5 

Total comorbidityd 

2 -10521.23 - 21104.47 21269.55 

 

846 (55.7) 672 (44.3)    

3 -10384.38 1.3 20862.76 21113.04 730 (48.1) 436 (28.7) 352 (23.2)   

4 -10320.00 0.6 20766.00 21101.49 529 (34.9) 463 (30.5) 376 (24.8) 150 (9.9)  

5 -10279.29 0.4 20716.59 21137.27 468 (30.8) 344 (22.7) 116 (7.6) 481 (31.7) 109 (7.2) 

6 Not estimable 

Doctor-diagnosed comorbiditye 

2 -9790.04 - 19642.07 19807.15 

 

823 (54.2) 695 (45.8)    

3 -9668.20 1.2 19430.39 19680.68 783 (51.6) 349 (23.0) 386 (25.4)   

4 -9612.78 0.6 19351.56 19687.05 696 (45.9) 358 (23.6) 394 (26.0) 70 (4.6)  

5 -9570.29 0.4 19298.59 19719.27 718 (4.3) 96 (6.3) 343 (22.6) 293 (19.3) 68 (4.5) 

6 Not estimable 

       
aAIC = Akaike’s information criterion; bBIC = Bayesian information criterion; c The profile membership distribution indicates the number of participants and the prevalence in each latent 

class model;  d Total comorbidity refers to any comorbidity the patient reported having; e Doctor-diagnosed comorbidity refers to  any comorbidity the patient reported as diagnosed by a 

doctor; Bold font indicates the best fitting model. 
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Supplementary Table 6.2.   The characteristics and the observed/expected (O/E) ratios of the doctor-

diagnosed comorbiditiesa of people with MS in the 5-class model identified by latent class analysis 

 Latent classes 

1 2 3 4 5 

Assigned class name 
Minimally-

diseased 

Non-

metabolic 
Metabolic 

Mental 

health-

Allergy-

Thyroid 

Severely-

diseased 

Total participants, n(%) 718 (47.3) 96 (6.3) 343 (22.6) 293 (19.3) 68 (4.5) 

Proportion of having 

comorbidity 
0.7 1.0 1.0 1.0 1.0 

Number of 

comorbidities of the 

participants (mean, 

SD)b 

1.0 + 0.8 4.3 + 1.1 3.9 + 1.4 3.6 + 1.2 7.6 + 1.5 

Mean age (years), n 

(SD) 
53.8 (11.0) 59.7 (11.8) 62.9 (8.7) 51.8 (10.8) 59.1 (8.9) 

Female, n (%) 543 (75.6) 90 (93.8) 262 (76.4) 251 (85.7) 63 (92.7) 

Observed/Expected (O/E) ratiosc per comorbidity 

Hypertension 0.4 0.3 2.3 0.7 2.3 

High cholesterol 0.3 0.5 2.3 0.7 2.6 

Vascular diseasesd 0.3 0.8 2.4 0.2 3.3 

Diabetes mellituse 0.3 0.3 2.6 0.2 3.5 

Thyroid disordersf 0.4 1.8 1.4 1.4 1.8 

Osteoporosis 0.4 3.1 1.5 0.6 2.0 

Osteoarthritis 0.3 2.5 1.6 0.7 3.1 

Psoriasis 0.5 2.1 1.0 1.3 2.1 

Anaemia 0.5 2.3 0.8 1.0 3.9 

Migraine 0.4 2.2 0.6 1.6 3.5 

Depression 0.4 0.9 0.8 2.2 2.4 

Anxiety 0.1 0.1 0.6 3.1 3.3 

Allergy 0.5 2.4 0.8 1.5 2.6 

Cancer 0.7 1.3 1.5 0.7 2.0 

Eye diseases 0.5 1.9 1.6 0.8 1.5 

AvePP (95% CI)g 
0.82 (0.81-

0.83) 

0.68 (0.64-

0.72) 

0.79 (0.77-

0.81) 

0.80 (0.78-

0.82) 

0.81 (0.77-

0.85) 

 
 a Doctor-diagnosed comorbidity refers to  any comorbidity the patient reported as diagnosed by a doctor; b Excluding MS;  c 

Observed/Expected (O/E) ratios were calculated from observed prevalence (i.e. prevalence obtained from LCA analysis) divided by 

expected prevalence (i.e. doctor-diagnosed comorbidity count over the total sample); d Vascular disorders include heart diseases, 

myocardial infarction, stroke and peripheral vascular diseases; e Diabetes mellitus includes type 1 and type 2 diabetes; f Thyroid 

disorders include hypothyroidism and hyperthyroidism; g AvePP =  average posterior probabilities, values above 0.70 represents 

clear separation and low misclassification error; In each class, any comorbidity with a prevalence >1 in bold to facilitate 

interpretation.   
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Supplementary Table 6.3.    Association between demographics/clinical characteristics and comorbidity patterns of PwMS - results from multinomial 

logistic regression (based from doctor-diagnosed comorbiditiesa) 

Variables 

Minimally-diseased  Non-metabolic Metabolic Mental health-Allergy-Thyroid  Severely-diseased  

n (%) 
RRR 

(95%CI) 
n (%) RRR (95%CI) n (%) RRR (95%CI) n (%) RRR (95%CI) n (%) RRR (95%CI) 

Age (per 10-year 

increase) 
 1.00  1.06 (1.02-1.09)  1.10 (1.07-1.12)  0.99 (0.97-1.01)  1.05 (1.01-1.09) 

MS duration (per 5-

year increase) 
 1.00  1.02 (0.98-1.05)  1.00 (0.97-1.02)  0.98 (0.96-1.01)  1.00 (0.96-1.05) 

Sex, n (%) 

   Male 175 (24.4) 1.00 6 (6.3) 1.00 81 (23.6) 1.00 42 (14.3) 1.00 5 (7.4) 1.00 

   Female 543 (75.6) 1.00 90 (93.8) 4.20 (1.57-11.19) 262 (76.4) 1.42 (0.92-2.20) 251 (85.7) 1.28 (0.80-2.06) 63 (92.7) 3.00 (1.00-9.10) 

Currently on Disease Modifying Therapy, n (%) 

   Yes 377 (65.0) 1.00 38 (47.5) 1.00 152 (53.5) 1.00 163 (71.5) 1.00 29 (56.9) 1.00 

    No 203 (35.0) 1.00 42 (52.5) 1.47 (0.79-2.76) 132 (46.5) 0.94 (0.63-1.40) 65 (28.5) 1.17 (0.76-1.81) 22 (43.1) 1.35 (0.63-2.90) 

MS onset-type b, n (%)           

    Relapse-onset MSc 498 (88.8) 1.00 68 (88.3) 1.00 240 (84.2) 1.00 204 (90.3) 1.00 49 (92.5) 1.00 

    Progressive-onset 

MSd 
63 (11.2) 1.00 9 (11.7) 0.89 (0.33-2.39) 45 (15.8) 1.18 (0.67-2.08) 22 (9.7) 1.60 (0.84-3.03) 4 (7.6) 0.64 (0.18-2.63) 

Body mass index (kg/m2), n (%) 

     Normal (BMI = 

18.5 to 24.9) 
355 (51.8) 1.00 41 (46.6) 1.00 95 (28.4) 1.00 111 (38.8) 1.00 11 (16.2) 1.00 

     Overweight (BMI = 

25 to 29.9) 
199 (29.0) 1.00 27 (30.7) 1.07 (0.55-2.08) 125 (37.4) 2.15 (1.42-3.25) 91 (31.8) 1.46 (0.95-2.24) 23 (33.8) 2.96 (1.13-7.76) 

     Obese (BMI = 30 

and over) 
132 (19.2) 1.00 20 (22.7) 1.28 (0.61-2.66) 114 (34.1) 3.29 (2.08-5.19) 84 (29.4) 2.13 (1.34-3.39) 34 (50.0) 6.46 (2.56-16.32) 

Patient determined disease steps (PDDS) category, n (%) 

   No disability (PDDS 

score = 0) 
177 (31.1) 1.00 12 (15.4) 1.00 52 (18.8) 1.00 47 (20.8) 1.00 5 (9.8) 1.00 

   Mild disability (PDDS 

score = 1-2) 
129 (22.6) 1.00 19 (24.4) 2.03 (0.84-4.95) 51 (18.5) 1.09 (0.64-1.87) 69 (30.53) 2.27 (1.35-3.80) 10 (19.6) 2.18 (0.70-6.82) 
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   Moderate disability 

(PDDS score = 3-5) 
161 (28.3) 1.00 29 (37.2) 2.48 (1.07-5.76) 106 (38.4) 1.51 (0.93-2.46) 89 (39.4) 2.69 (1.62-4.44) 30 (58.8) 3.30 (1.15-9.46) 

   Severe disability (PDDS 

score > 6) 
103 (18.1) 1.00 18 (23.1) 1.45 (0.53-3.99) 67 (24.3) 1.17 (0.66-2.08) 21 99.3) 1.06 (0.52-2.17) 6 (11.8) 0.90 (0.21-3.74) 

Education attainment, n (%) 

    Primary and 

Secondary school  
217 (31.1) 1.00 30 (32.3) 1.00 149 (44.2) 1.00 77 (27.1) 1.00 22 (33.9) 1.00 

    Occupational 

certificate/diploma 
206 (29.5) 1.00 30 (32.3) 1.27 (0.61-2.64) 95 (28.2) 1.12 (0.73-1.73) 88 (31.0) 1.19 (0.72-1.97) 23 (35.4) 1.30 (0.57-2.97) 

    University 

bachelor’s degree 
161 (23.1) 1.00 19 (20.4) 1.24 (0.56-2.76) 62 (18.4) 0.76 (0.46-1.26) 69 (24.3) 1.18 (0.69-2.01) 12 (18.5) 1.09 (0.42-2.80) 

    University 

postgraduate degree 
114 (16.3) 1.00 14 (15.1) 1.25 (0.49-3.18) 31 (9.2) 0.81 (0.45-1.46) 50 (17.6) 1.58 (0.89-2.79) 8 (12.3) 0.70 (0.18-2.69) 

Relative socioeconomic statuse, n (%) 

     First quintile 

(poorest access) 
116 (16.3) 1.00 13 (13.7) 1.00 58 (17.1) 1.00 48 (16.5) 1.00 15 (22.1) 1.00 

     Second quintile 136 (19.1) 1.00 13 (13.7) 0.95 (0.33-2.77) 64 (18.9) 0.93 (0.51-1.69) 55 (18.9) 0.93 (0.50-1.76) 21 (30.9) 1.04 (0.41-2.60) 

     Third quintile 156 (21.9) 1.00 26 (27.4) 1.41 (0.54-3.70) 74 (21.8) 0.90 (0.50-1.61) 56 (19.2) 0.92 (0.50-1.71) 9 (13.2) 0.49 (1.17-1.40) 

     Fourth quintile 161 (22.6) 1.00 22 (23.2) 0.93 (0.33-2.58) 73 (21.5) 1.02 (0.57-1.80) 59 (20.3) 0.90 (0.49-1.66) 12 (17.7) 0.33 (0.10-1.05) 

     Fifth quintile 

(greatest access) 
143 (20.1) 1.00 21 (22.1) 1.38 (0.51-3.75) 71 (20.9) 0.90 (0.49-1.64) 73 (25.1) 1.27 (0.69-2.33) 11 916.2) 0.33 (0.10-1.15) 

 

a Doctor-diagnosed comorbidity refers to  any comorbidity the patient reported as diagnosed by a doctor; b Excluded those who ticked “unsure” (n = 52) and those who did not specify their MS onset type (n = 264);  c Includes 

relapsing remitting multiple sclerosis and secondary progressive multiple sclerosis; d Includes primary progressive multiple sclerosis and progressive relapsing multiple sclerosis;  e The relative socioeconomic status was 

assessed using the Socio-Economic Indexes for Areas (SEIFA), specifically the Index of Economic Resources (IER) developed by the Australian Bureau of Statistics where first quintile combined the deciles 1 and 2 that has 
the poorest access to economic resources and fifth quintile (deciles 9 and 10) the greatest access; Bold font indicates significance at 95% confidence intervals (CI). 
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Supplementary Figure 6.1. Predicted latent class probabilities of comorbidity patterns according to the age of people with MS (based 

from doctor-diagnosed comorbiditiesa) 

a Doctor-diagnosed comorbidity refers to any comorbidity the patient reported as diagnosed by a doctor. 
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Chapter 7 
 

Summary, Recommendations and Future Directions  

7.1. Summary and implications of the studies 

Comorbidities, the medical conditions that co-occur with an index or a primary disease, are 

more common in people with MS than the general population or any controls 1. However, to 

date, most prevalence studies of comorbidities conducted in MS used single time point at 

various stages in the disease course 2-6 and no study has yet identified whether the prevalences 

of comorbidities are affected by MS onset-types. Moreover, observational studies, including 

cohort studies, show that comorbidities have potential detrimental impacts on various health 

outcomes and the clinical course of people with MS. However, knowledge on the specific 

individual or groups of comorbidities that are substantially associated and contribute most to 

the different health outcomes in MS is still limited. We also recognise that comorbidities are a 

complex phenomenon and simultaneously managing multiple comorbidities is challenging 

with potential for serious adverse events. An integrated approach to management rather than 

single-disease focus might be more appropriate for people with MS, but our epidemiological 

knowledge of the common comorbidity patterns that frequently occur in MS is rarely 

considered. Therefore, to address these important gaps in the comorbidity research in MS and 

the paucity of clinical recommendations for managing and/or preventing comorbidities in 

people with MS, the overarching aim of my thesis is to conduct studies on comorbidities and 

MS that deliver novel information which could strengthen the current recommendations or 

contribute to new recommendations for managing comorbidities in the MS population.  
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My first study (Chapter 3) showed that comorbidities are already common at the early stages 

of MS and having MS may also contribute to accrual of comorbidities. Mental health and 

physical comorbidities were already common at the time of onset (65.3% with >1 comorbidity), 

demonstrating the potential importance of optimising the prevention and screening for the risk 

factors for comorbidities early in the MS disease process or as soon as practical. The prevalence 

of comorbidities increased such that 90% of people had >1 comorbidity at the time of interview, 

a mean of 20.5 years post-symptom onset. The largest increases in prevalence were seen for 

depression, anxiety, hypertension, osteoarthritis, high cholesterol, eye diseases, osteoporosis 

and cancer. When compared with the general population, 14 out of 19 comorbidities were more 

common in people with MS at the time of study compared to the general population, with the 

strongest effect sizes seen for anaemia, cancer, anxiety, depression, migraine, psoriasis and 

epilepsy. In addition, for the more common comorbidities, our results suggest that screening 

and management for comorbidities does not need to differ by MS onset-type. This supports 

other observations that MS progression phenotypes have similar risk factors and pathological 

processes. Collectively, these results indicate that the accumulation of comorbidities in people 

with MS exceeds that expected for normal aging. The accrual may be due to changes in lifestyle 

behaviours, MS treatment effects, other shared risk factors and common pathological 

processes. These findings also suggest that the screening, management and prevention of 

development of these comorbidities is important throughout the disease course, as this has the 

potential to positively influence the prognosis of people with MS.  

My second (Chapter 4) and third (Chapter 5) studies identified the individual and groups of 

comorbidities that are substantially associated with the HRQoL and severity of symptoms of 

people with MS. The total number of comorbidities was strongly associated with lower HRQoL 

in a dose-dependent manner. Those with two or three comorbidities (~36%) had a mean overall 
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HRQoL score of 0.65 while those with four or more comorbidities (~41%) had a mean score 

of 0.55, which is 0.08 and 0.18 units lower than those without comorbidities. These are 

considered clinically important differences 7. In addition, the number of comorbidities was 

strongly associated with the severity of all MS symptoms, with the strongest associations 

observed for feelings of anxiety, feelings of depression and pain. The association for other 

symptoms were less strong and frequently significant effects were observed only when 

comparing those with higher numbers of comorbidities to those without comorbidities. This 

suggests that the severity of these MS symptoms may only be impacted when people have a 

higher comorbidity load. Together, these results suggest that there is potential for a major gain 

in HRQoL and lowering of the severity of common symptoms in MS through the prevention 

and optimal management of comorbidities in people with MS. 

Both studies identified that mental health disorders and musculoskeletal disorders make the 

largest relative contributions to the HRQoL and severity of common symptoms in MS. In 

Chapter 4, we determined that mental health disorders (i.e. depression and anxiety) were by 

far the largest contributor to the overall and psychosocial super-dimension of the HRQoL. 

Musculoskeletal disorders (i.e. osteoporosis, osteoarthritis, rheumatoid arthritis and systemic 

lupus erythematosus), on the other hand, were the largest contributors to the physical super-

dimension and were the second largest contributor to overall HRQoL. Likewise, in Chapter 5, 

mental health disorders, with depression being the most important predictor, had the strongest 

contribution to the severity of feelings of anxiety, feelings of depression, cognitive and sensory 

symptoms, fatigue and sexual dysfunction. Conversely, musculoskeletal disorders, with 

osteoporosis being the strongest predictor, had the strongest contribution to the severity of pain, 

walking and balance difficulty, bladder and bowel problems and spasticity. Both studies 

highlighted that mental health and musculoskeletal disorders could be targeted for early 
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detection, prevention and optimal treatment in achieving a better HRQoL and minimising the 

impact of high comorbidity load on the severity of symptoms in people with MS.  

Simultaneously managing multiple medical conditions is challenging and is coupled with a 

higher risk of serious adverse events 8, 9. The healthcare system is predominantly configured to 

deliver care for single health conditions. However, shifting from a “single-disease paradigm” 

to a “multi-morbidity approach” may provide a more practical and personalised management 

approach for people with MS living with comorbidities. In this regard, my final study (Chapter 

6) identified the frequently occurring comorbidity patterns in people with MS that could be 

useful for clinicians, researchers and even policymakers in developing more comprehensive 

MS clinical management guidelines. Specifically, five clinically meaningful and statistically 

distinct comorbidity classes were identified: “minimally-diseased class” (30.8%) for 

participants with no or one comorbidity; “metabolic class” (composed of hypertension, high 

cholesterol, vascular diseases, diabetes mellitus, thyroid disorders, osteoporosis, osteoarthritis, 

cancer and eye diseases) and “mental health-allergy class” (composed of migraine, depression, 

anxiety and allergy) classes together comprised more than 50% of our cohort; 7.6% belonged 

to the “non-metabolic class” (composed of thyroid disorders, osteoporosis, osteoarthritis, 

psoriasis, anaemia, migraine, allergy, cancer and eye diseases); and 7.0% carried the highest 

comorbidity burden (severely-diseased class, on average eight comorbidities) that may have 

complex aetiologies and likely require complex treatment and health care management. 

Additionally, membership to any of the comorbidity classes were influenced by demographics 

and clinical characteristics. Specifically, women, older people, obese or had higher disability 

levels were more likely to be in classes with higher levels of comorbidity, which may assist 

with the identification of groups of people with MS who are at a greater risk. Of interest, MS 

onset type, DMT use, education level and relative socioeconomic status were not associated 
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with any of the comorbidity patterns. It is also important to note that this is a cross-sectional 

analysis and some associations may be due to reverse causality. The identified comorbidity 

patterns, however, give a comprehensive impression of the overall clinical presentation and 

provide additional information over what studies of individual comorbidities can identify. 

Awareness of these patterns may also be a viable strategy for prioritising and addressing the 

different healthcare needs of people with MS with various comorbidities.  

In summary, my PhD thesis highlighted the importance of early detection and optimal 

management of comorbidities in MS because they have a potential to detrimentally contribute 

to worse health outcomes in MS. Further, comorbidities form clusters in MS which offer 

opportunities for designing more personalised approaches on comorbidity management, 

prevention and treatment. Collectively, the findings of my thesis may feed into the development 

of a consensus guidelines or formulating recommendations for MS that appropriately reflects 

the presence of comorbidities to improve the disease prognosis of people with MS. 

We found several limitations in our studies that should be acknowledged as well. First, we 

recognised the associated risks of taking DMTs on the onset and worsening of comorbidities 

in PwMS and their additional potential implications in the different health outcomes of people 

with MS (i.e HRQoL and severity of symptoms). However, we did not include DMTs (i.e 

currently taking vs not taking any DMTs) as a covariate in our analyses because it was not 

significantly associated with our outcomes (i.e HRQoL and severity of symptoms) when we 

tested for possible confounders. We did not evaluate the possible effects of the type of DMT 

administered, their treatment history nor the duration of treatment. In terms of comorbidity-

specific treatments, we asked in our survey “Do you currently receive treatment for this (i.e. 

comorbidity)?”  but did not ask to list the treatments they used.  Collectively, including these 
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factors could give us a better understanding on how DMTs and other treatments might 

influence the study findings, in which case, further studies are warranted. Secondly, in our 

survey, we asked the participants “Did you have this before your first symptom of MS?” and 

we did not collect  onset dates of the comorbidities as these were likely prone to substantial 

measurement error. However, we addressed this as a limitation in Chapter 3. Also, to better 

address this issue, studies that evaluate prospective cohorts of PwMS with comorbidities are 

needed.  

7.2. Recommendations for managing comorbidities in MS 

To return to my overarching thesis aim, I will now discuss how the abovementioned key 

findings of this PhD thesis can contribute by proposing new recommendations for managing 

comorbidities in the MS population or strengthen existing recommendations. Most of these 

recommendations I will outline were included and published in two guidance documents – one 

for people with MS, Adapting Your Lifestyle: A Guide for People with MS (Appendix 7.A.), 

and one for health professionals, Modifiable Lifestyle Factors And MS: A Guide for Health 

Professionals (Appendix 7.B.) – published by the MS Research Australia in August 2020. I 

was an author of the section on “Other medical conditions (comorbidities)”.  

Before proceeding, it is important to note that there are no controlled trials of interventions that 

aim to reduce the disease burden and/or prevent comorbidities in MS. My recommendations 

are based on findings from observational studies as the best available evidence to date.  

However, whether or not they result in improvements in the health of those with MS if 

implemented requires further testing. People with MS and the healthcare professionals are 

encouraged to consider the recommendations for managing comorbidities in MS but should 
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also assess whether they are applicable and potentially beneficial to the individual 

circumstances.  

Most available consensus guidelines or recommendations in MS do not explicitly cover the 

prevention, treatment or management of comorbidities of people with MS or the management 

of MS in the presence of comorbidities 10-14. This is because the current healthcare system is 

more focused on the prevention, management and treatment of single conditions and those who 

have comorbidities are often excluded from clinical trials 15. For example, the Multiple 

Sclerosis: Management of Multiple Sclerosis in Primary and Secondary Care guideline 

commissioned by the National Institute for Health and Care Excellence (NICE) only covers 

diagnosis, information and support, relapse treatment and management of MS-related 

symptoms but does not address comorbidities 12. Similarly, the American Association of 

Neuroscience Nurses (AANN), the Association of Rehabilitation Nurses (ARN), and the 

International Organization of Multiple Sclerosis Nurses (IOMSN) published a clinical practice 

guideline series entitled Nursing Management of the Patient with Multiple Sclerosis which 

covers the diagnosis, management of symptoms, use of disease-modifying treatments as well 

as patient and care partner education in MS,13 but does not address comorbidities. Also, none 

of the consensus or practice guidelines currently available for health professionals that focused 

on a specific topic in depth (for example symptom management 16-22, physical activity 23-26 or 

specific treatments in MS 27-30) provide direct information on guidance on the management of 

people with MS with comorbidities. More importantly, available resources for people with MS 

are also mostly silent on the impact that comorbidities can have on their MS and what they can 

do to manage or prevent the development of comorbidities.  
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During my PhD, the Comorbidities in Multiple Sclerosis: A Clinical Resource Guide 6 was 

made available and this is currently the only guidance document for health professionals 

focusing on comorbidities in MS. Another useful but more generic document to guide 

clinicians on comorbidity screening and management practices is the NICE guideline on 

Multimorbidity: Clinical Assessment and Management 31 which offers a useful approach that 

can also be applied to people with MS.  

7.2.1. Information provision and recommendations for comorbidity management 

for people with MS  

Increase health literacy regarding comorbidities – I recommend that people living with MS 

increase their awareness of the fact that the frequency of occurrence of comorbidities in early 

MS is high and that they rise with increasing MS disease duration. It is also important for them 

to understand that the occurrence of comorbidities is not only due to advancing age but also 

due to lifestyle choices and other risk factors. With this, I would encourage people with MS to 

be an advocate for themselves and to continuously educate and update themselves with new 

and emerging information (i.e. attending health-promotion programs, asking relevant questions 

to their healthcare providers, joining MS support groups and accessing various community 

resources (e.g. websites, guidelines, newsletters)), not only about MS but also about the 

growing burden of comorbidities and how these relate to the effective management of their 

MS. 

Engage in self-monitoring and report new symptoms/comorbidities – Consistent with 

previous studies, our results showed that comorbidities are already prevalent in the early stages 

of MS and having MS may also contribute to the accumulation of comorbidities. With this, 

early identification of comorbidities and minimising the development of new comorbidities 

throughout the disease process is important to minimise the complexity of healthcare 
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management. People living with MS would recognise that neurologists, general practitioners 

and other healthcare providers are well-placed to guide and help them understand the 

importance of preventing comorbidities as early as possible in their disease course. To assist in 

the process, I recommend that people with MS engage themselves in self-monitoring of their 

conditions and be proactive in updating and reporting of any comorbidities or symptoms that 

they may experience in between clinic visits to their healthcare providers to allow for timely 

advice and management.  

Adopt a healthy lifestyle – Comorbidities have significant detrimental effects on the HRQoL 

and severity of symptoms of people with MS. To gain substantial improvement on these health 

outcomes and to minimise the major risk factors of having any comorbidity and to prevent an 

accumulation of comorbidities, people with MS should be empowered to adopt and commit to 

positive health behaviours and self-management practices by engaging with a healthy lifestyle 

such as regular physical activity, a healthy diet, ceasing tobacco smoking, minimising stress, 

and optimising sleep 5, 32-35. These are the current non-pharmacologic recommendations 

frequently given to people for managing their MS and are important adjuncts to optimal 

management of MS. My findings reiterate and provide additional reasons to adopt these healthy 

behaviours with the aim of preventing some comorbidities. There are resources available about 

the specific lifestyle recommendations that people with MS may wish to follow. Some of these 

are as follows:  

For Diet and Nutrition:  

While there is still no evidence-based guideline for the most appropriate diet for people 

with MS, people with MS may consider following the 2015 to 2020 Dietary Guidelines from 

the US Department of Agriculture and the Australian Healthy Eating Guidelines which 

includes a number of key recommendations with specific dietary limits and nutritional targets 
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to minimise chronic diseases and optimise health 36. They may also wish to follow the 

nutritional guidelines entitled Australian Dietary Guidelines 37 for the general population and 

our recently published guidance document entitled Adapting Your Lifestyle: A Guide for People 

with MS that includes a summary of the key recommendations regarding diet intake (Appendix 

7.A.).  

For Tobacco smoking cessation: 

Studies consistently show that tobacco smoking have detrimental effects on people with 

MS. It is therefore highly recommended that people with MS who smoke should stop. There 

are pharmaceutical and non-pharmaceutical interventions available to support those who want 

to quit smoking 38. 

For Physical activity/Exercise: 

Increasing physical activity is encouraged for people with MS. A recently published 

evidence-based recommendation for promoting exercise and physical activity for people with 

MS throughout the disease course may be followed 25. The Canadian Physical Activity 

Guideline for Adults with Multiple Sclerosis 39, 40 also summarises the key physical activity 

recommendations, which are appropriate for people with MS with mild to moderate disability 

resulting from either relapsing or progressive forms of MS. Moreover, Australians with MS 

may also refer to our recently published guidance document entitled Adapting Your Lifestyle: 

A Guide for People with MS for the summary of the key recommendations regarding physical 

activities specific for people with MS (Appendix 7.A.).  

  7.2.2. Considerations for comorbidity management for health professionals 

Early and routine screening – Collectively, the findings of my PhD thesis highlight that 

timely recognition of comorbidities is important in achieving the best possible health outcomes 

in people with MS. Given the high prevalence of comorbidities at MS onset and the 
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accumulation over time, I strongly recommend health professionals to consider conducting 

early screening for comorbidities or any behaviours that may increase the risk of developing 

comorbidities as soon as practical. I also encourage clinicians to consider conducting routine 

screening and medication reviews, to identify any acute or life-threatening comorbidities and 

to further establish which comorbidities need prompt and tailored evaluations and referrals 41-

43. 

Health professionals may wish to focus their efforts on common comorbidities with the 

largest impact, such as mental health comorbidities. This view aligns with the Comorbidities 

in Multiple Sclerosis: A Clinical Resource Guide 6 which recommends that “primary care 

clinicians and MS specialists should conduct routine screening for psychiatric disorders in 

persons with MS, preferably at every clinic visit”. My work also revealed that many physical 

comorbidities were already prevalent at MS symptom onset and incurred large changes in 

prevalence post-symptom onset. Therefore, a focus on the most prevalent physical 

comorbidities including musculoskeletal disorders is warranted.  

Optimal management of comorbidities – With the demonstrated impact of comorbidities on 

HRQoL and the severity of common MS symptoms, optimal management of comorbidities is 

important. To optimise care for a person with MS, I encourage healthcare providers to consider 

adopting a patient-focused approach in addressing comorbidities in MS. Currently, there is no 

consensus guideline on comorbidity management specific to MS but they may consider 

following the NICE guideline on Multimorbidity: Clinical Assessment and Management 31 

which stipulates that the approach to care that takes multimorbidity into account will: 1) discuss 

the purpose of an approach to care that is to improve quality of life, 2) establish disease and 

treatment burden, 3) establish patient goals, values and priorities, 4) review medicines and 

other treatments taking into account evidence of likely benefits and harms for the individual 
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patient and outcomes important to the person, and 5) agree on an individualised management 

plan with the patient.31  

Communicating effectively – Successful application of an individualised comorbidity 

management plan requires effective communication between healthcare providers and the 

patient. Additionally, people with MS and their carers network must be encouraged to ask 

questions and be able to understand the many possible treatment choices as well as the expected 

outcomes for each.  

Collaborative models of care – Collaboration between clinicians, other healthcare 

professionals, family members and carers involved in supporting a person with MS is essential 

in addressing their comorbidities, as well as providing the most relevant information regarding 

the management and treatment of their comorbidities. For instance, the Comorbidities in 

Multiple Sclerosis: A Clinical Resource Guide recommends that when dealing with a person 

with MS with mental health comorbidities, “when possible, speak to family members, 

caregivers, or other healthcare professionals who know the person to discuss their 

observations of the person’s mood, behaviour, and thought process. These discussions may 

help make a diagnosis and determine the severity of the symptoms, especially for manic 

symptoms, as persons may sometimes lack insight into their symptoms” 6, 44.  

People with MS with a multitude of comorbidities often present a clinical and societal 

challenges. As a result, the management for people with MS with a number of comorbidities 

can result in fragmented healthcare; therefore, patient-centred coordination of care is highly 

recommended for a more effective delivery of care in MS. Shifting from the “single-disease 

paradigm” of managing medical conditions to a “multi-morbidity approach”  is highly 

encouraged. However, there is currently insufficient evidence to show what the most 
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appropriate models of care are for people with MS to achieve optimal management of 

comorbidities. Novel models of care specific for people with MS may offer viable strategies 

for greater care integration as well as opportunities for holistic care for people with MS with a 

number of comorbidities. Recently, several collaborative models of care, particularly in 

relation to mental health outcomes, have been proposed 5, 45, 46 and could potentially be 

applicable to people with MS.  

Interdisciplinary management among health professionals is also critical, not only for 

managing MS itself, but also in managing the comorbidities primarily due to the occurrence of 

a wide range of symptoms and the complexity of the healthcare needs of PwMS. Collectively, 

their primary goal is to bring together their skills and expertise to provide better health 

assessments and clinical management of the overall health of PwMS. The following are the list 

of healthcare professionals and their roles in providing assistance to MS care and the 

management of comorbidities throughout the life of PwMS 47, 48: 

 General practitioners – considered to be one of the most accessible members of the 

healthcare team. They could respond quickly to queries and could provide medications for 

specific symptoms and comorbidities.   

 Neurologists – they are ones who can give a definite MS diagnosis. They also play an 

important role in assessing the overall health of PwMS as well as diagnosing and/or treating 

their comorbidities and making sure that these conditions are well-managed. They could also 

give referrals to other healthcare specialists who could help in the better management of  

comorbidities in PwMS. 

 MS Nurses – in some countries, they are usually the main point of contact for PwMS. 

They are highly skilled healthcare professionals who have experience in providing information, 

Chapter 7: Conclusions, Recommendations and Future Directions 



 
 

229 | P a g e  

 

support, and care for PwMS. They could also provide assistance in the management of 

comorbidities by referrals on to other appropriate healthcare professionals and services. 

  Pharmacists – they are experts in providing medication information and could review 

all the medications (i.e. MS medications and comorbidity medications) a person with MS is 

currently taking to check for any overlaps or interactions between them. They could also give 

instructions on when and how to take these medications and educate PwMS for any potential 

problems with the medications. 

 Therapists (e.g. physiotherapists, occupational therapists, speech and language 

therapists and neuropsychologists) – they are the healthcare professionals that are skilled in 

providing rehabilitation or interventions to restore and maintain the physical function and the 

ability to perform daily activities that is affected by having MS and/or some comorbidities.  

 Other healthcare professionals – they are the mental health professionals (i.e. 

psychologists, social workers and psychiatrists) who are trained and highly skilled in 

evaluating, diagnosing and treating emotional and mental health conditions, wellness 

professionals (i.e. nutritionists, dieticians, wellness coach, neuropathic doctor and personal 

trainers) who use a holistic approach to promote health, wellness and lifestyle improvement. 

 Other healthcare specialists (i.e. ophthalmologists, neuro-ophthalmologists, 

gynecologists, obstetricians, urologists) – they specialise in different areas of healthcare to treat 

symptoms and other health conditions/comorbidities that can affect PwMS. 

My PhD studies also highlight specific groups of comorbidities and individual comorbidities 

that could be targeted to potentially improve the health outcomes of people with MS. Following 

the recommendations of the Comorbidities in Multiple Sclerosis: A Clinical Resource Guide 6 
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for mental health comorbidities, I also encourage healthcare providers to consider the 

following: 

“Prompt treatment for psychiatric comorbidities, where available, may 

greatly enhance the life of persons with MS. If possible, try to identify any 

modifiable contributing factors to the psychiatric condition and tailor the 

approach to treatment.” 

“Clinicians should provide education for individuals affected by 

depression during difficult periods and ensure that these individuals have 

adequate social support.” 

“Embedding mental health care within an MS clinic may be a suitable 

strategy to manage psychiatric comorbidities, including depression and 

anxiety.” 

“A collaborative model of mental health care may be the most 

appropriate way to address comorbid conditions. All collaborative mental 

health care should be patient-centred, use screening tools initially and 

during treatment, and provide evidence-based care”. 

Furthermore, my work highlights the importance of musculoskeletal comorbidities in 

improving the health outcomes of people with MS. The clinicians may also refer to the 

available general guidelines for the general population 49-52 which may be applicable to people 

with MS who have these comorbidities. Lastly, clinicians and other healthcare professionals 

may wish to refer to the published recommended management strategies focused for mental 

health comorbidities 53 and osteoporosis 54 in people with MS. 

Overall, the clinical message of my PhD thesis is that early detection and optimal management 

of comorbidities in MS is key. Hence, people with MS and health professionals are highly 

encouraged to both play a proactive role in the identification and management of comorbidities. 
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7.3. Future directions on comorbidity research in MS 

Several research questions have arisen from this body of work that warrant further 

investigation. Large and comprehensive datasets such as the AMSLS can contribute novel 

evidence in these areas of MS research. Additionally, studies that follow participants from their 

first clinical diagnosis of demyelination (FCD) or diagnosis for many years will be valuable in 

assessing the relationship of comorbidities with MS progression as well as various MS health 

outcomes longitudinally. The following future works have been identified as being able to 

make a valuable contribution: 

1) Determine which comorbidities have greater impact on the rate of MS progression 

and are associated with the changes or worsening of health outcomes throughout 

the disease course 

The review of the literature on comorbidities in MS (Chapter 2) showed that the evidence 

between comorbidities and some health outcomes are still limited. For instance, only one study 

had assessed the association between comorbidities and employment outcomes55, initiation and 

choice of DMT 56 and no study had been published on the relationship between comorbidities 

and healthcare cost of people with MS. Additionally, most studies had a cross-sectional rather 

than a longitudinal design. Identification to what extent and which specific comorbidities or 

patterns of comorbidities have greater effect on MS progression could improve comorbidity 

management strategies and help clinicians predict the prognosis of people with MS. 

Longitudinal designs are better suited to answer whether comorbidities are causally associated 

with a change in health outcomes.  Longitudinal studies and registry data could also assist with 

examining outcomes that have been less frequently assessed. 

2) Determine the influence of comorbidities on the disability progression throughout 

the disease course of people with MS  
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In this thesis, using cross-sectional data, we identified comorbidity patterns in MS and found 

that they were associated with sex, obesity, age and disability, providing a more comprehensive 

view of the overall clinical presentation and facilitating the recognition of groups of people 

with MS with complex healthcare needs. In addition, we were also able to show that 

comorbidities tended to accrue, beyond normal aging, throughout the disease course in people 

with MS. These findings highlight the need for a better understanding of the longitudinal 

patterns of these comorbidities over the disease course of people with MS and their influence 

on the disability progression in MS.  This could also provide us with information on how well 

comorbidities are being managed over time. Group-based trajectory analysis could be a useful 

approach because it classifies individuals into groups based on their trajectories of 

comorbidities, and it uses  a holistic approach to studying the influence of comorbidities over 

time and permits direct comparison of the characteristics across different trajectory groups57. 

Large datasets that measure the comorbidities of people with MS at different time points are 

required for such a study.  

Overall, this information might be useful in day-to-day clinical practice, as clinicians could 

have some foreknowledge of what clinical presentations could be expected for people with MS 

with comorbidities. This data might also be useful in developing a clinical practice guideline 

focusing on the prevention and management of co-occurring comorbidities rather than single 

conditions of people with MS.  

3) Determine the effectiveness and cost-effectiveness of interventions for managing 

comorbidities in people with MS 

 

MS is a lifelong condition and having comorbidities in addition to MS often presents a higher 

economic and societal burden. To better manage people with MS with comorbidities, different 

management strategies and/or recommendations have been proposed over the recent years. 

However, the cost-effectiveness of these strategies and/or recommendations varies greatly and 
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should be considered in making guidance documents or policy decisions. Cost-effectiveness 

analysis is a way to determine the health benefits and costs of an intervention by comparing 

this intervention to another intervention to estimate if the improvements in health outcomes 

seen with the intervention justify any additional costs 58. Since comorbidities recently gained 

attention in MS, there has been a lack of comprehensive and systematic reviews of the studies 

regarding the cost-effectiveness of managing comorbidities in people with MS. Conducting 

this type of study has the potential to make a valuable contribution as it will help determine the 

use of limited healthcare resources as well as provide critical information on which optimal 

treatment strategies and/or policies has the potential to lower the current and future health and 

economic burdens of people with MS with various comorbidities.  

 

4) Identify the best model/s of care in addressing comorbidities in MS 

 

Currently, there are no published studies that assess models of care specific to comorbidity 

management in MS.  It is important to identify the type of models of care that are appropriate 

to optimise the management of comorbidities in people with MS. While it is useful to develop 

clear recommendations for clinicians and people with MS, the question is whether this is 

sufficient to create a shift in the management of comorbidities. It is likely that research is 

required to identify what works best for the people with MS and their care team.  

In recent years, there have been attempts to create collaborative models of care for improving 

mental health care in general, which could be adopted to provide guidance for comorbidity 

management in people with MS 5. For example, a meta-analysis of 37 randomized controlled 

trials including 12,355 patients with depression receiving primary care found that depression 

outcomes were improved at six months (standardized mean difference = 0.25 (95%CI: 0.18-

0.32)) with benefits persisting up to five years from using a collaborative care model 45. 

Collaborative care is a structured care model  involving a greater role for nonmedical specialists 
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to augment primary care and includes interventions of varying intensity ranging from simple 

telephone interventions, encouraging compliance of medication to more complex interventions 

that involve intensive follow-up and structured psychosocial intervention 45.  

Another model is the use of a nurse-led program for comorbidity detection and management 5. 

This approach improved the health outcomes of 970 patients with rheumatoid arthritis in a 

prospective, randomized controlled open-label 6-month trial 46. In this study, the nurses, who 

served as the central point of contact, asked the patients about key comorbidities and once 

identified, the nurses reminded the patient about the importance of managing comorbidities 

and encouraged follow-up with the primary care provider and notified the primary care 

provider about the comorbidities. The study results showed that within a six months follow-up 

period after the nurse consultation, the number of actions taken by the patient’s general 

practitioner for treating or detecting comorbidities had increased by 78% 46.  

To assess whether a nurse-led program could work in people with MS, the AMSLS recently 

finished the 2020 MS Nurses Survey which aimed to gain insight into the availability and value 

of MS Nurses for people with MS in Australia. Preliminary results showed that 825/1709 

(48.3%) of Australians with MS have access to an MS nurse as part of their MS care, of whom 

78.5% rated an MS nurse to be valuable (unpublished data). As for the perceived effects of MS 

nurses on health outcomes, 43.4% and 36.0% believed that the care provided by MS nurses 

may have contributed to the improvement of their symptoms and healthier lifestyle, 

respectively (unpublished data). Given these preliminary results, there may be a great potential 

gain in implementing a model of care led by MS nurses in assisting in the management and 

identification of comorbidities of people with MS. 

This thesis has come to an end. The work presented in this thesis is a collection of over three 

years’ worth of research on the impacts of the most commonly reported comorbidities in people 
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with MS and on finding the most suitable recommendations for the primary prevention and 

management of these comorbidities. As an ultimate goal of any research study, I hope that this 

thesis will serve as a groundwork for future comorbidity research in MS and that it will increase 

the knowledge of people with MS and healthcare providers by increasing the awareness of the 

importance of comorbidities in the disease course and by providing useful information and 

recommendations on the identification and management of comorbidities in MS. 
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