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Abstract: Introduction: In the general ageing population, 40% of deaths occur following a
prolonged trajectory of 'progressive dwindling', characterised by chronic accumulation
of disability and frailty, and associated with increased dependency and reduced
reserves. Those who progressively dwindle are poorly catered for by current
healthcare systems and would benefit from a coordinated approach to their medical
and social care, known as formative care. People with multiple sclerosis (pwMS) may
be more likely to progressively dwindle, and may be appropriate targets for formative
care pathways.

Objectives: To determine the proportion of pwMS who follow a progressive dwindling
trajectory prior to death.  To relate trajectory to place of death, and examine what
factors predict the progressively dwindling trajectory.

Methods: A retrospective observational study of 582 deceased pwMS enrolled in the
UK MS Tissue Bank, including death certificates and extensive clinical summaries.

Results: 73.7% of pwMS had a 'progressively dwindling' trajectory of dying.  This was
predicted by those who reach MS disease milestones earlier. 72.5% of pwMS died an
MS-related death, which was predicted by an aggressive disease course from onset.
Those who progressively dwindled were equally likely to die in hospital as those with
other trajectories to death.

Conclusions: The progressively dwindling trajectory of dying is very common in pwMS,
and can be predicted by earlier disease milestones. Pathways could target pwMS in
these years prior to death, to improve care.
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Abstract 21 

Introduction: In the general ageing population, 40% of deaths occur following a 22 

prolonged trajectory of ‘progressive dwindling’, characterised by chronic 23 

accumulation of disability and frailty, and associated with increased dependency and 24 

reduced reserves. Those who progressively dwindle are poorly catered for by current 25 

healthcare systems and would benefit from a coordinated approach to their medical 26 

and social care, known as formative care. People with multiple sclerosis (pwMS) 27 

may be more likely to progressively dwindle, and may be appropriate targets for 28 

formative care pathways. 29 

Objectives: To determine the proportion of pwMS who follow a progressive 30 

dwindling trajectory prior to death.  To relate trajectory to place of death, and 31 

examine what factors predict the progressively dwindling trajectory. 32 

Methods: A retrospective observational study of 582 deceased pwMS enrolled in the 33 

UK MS Tissue Bank, including death certificates and extensive clinical summaries.  34 

Results: 73.7% of pwMS had a ‘progressively dwindling’ trajectory of dying.  This 35 

was predicted by those who reach MS disease milestones earlier. 72.5% of pwMS 36 

died an MS-related death, which was predicted by an aggressive disease course 37 

from onset. Those who progressively dwindled were equally likely to die in hospital 38 

as those with other trajectories to death.   39 

Conclusions: The progressively dwindling trajectory of dying is very common in 40 

pwMS, and can be predicted by earlier disease milestones. Pathways could target 41 

pwMS in these years prior to death, to improve care. 42 

  43 
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Introduction 44 

Over the last century there has been a shift in the commonest causes of death, from 45 

acute causes at a young age, to a substantially lengthened lifespan characterised by 46 

a period of progressive chronic illness before death.[1] Bowman and Meyer (2014) 47 

described four broad trajectories of dying in an ageing population:[2]  48 

 20% are sudden e.g. myocardial infarction; 49 

 20% of deaths follow a short period of rapid decline after a ‘clear clinical 50 

transition’ from treatable to progressive e.g. cancer;  51 

 20% occur as a result of acute exacerbations of a progressive long-term 52 

disease e.g. chronic obstructive pulmonary disease;  53 

 40% of deaths occur following a prolonged period of ‘progressive dwindling’ 54 

e.g. Alzheimer’s disease. 55 

For the first three trajectories, healthcare infrastructure is well established and 56 

effective, with preventative and emergency medicine for the sudden trajectory, 57 

palliative care for those with a short period of rapid decline, and specialist chronic 58 

disease management programmes for those with progressive long-term diseases 59 

with acute exacerbations.[2] However, there is a lack of appropriate pathways for 60 

those who ‘progressively dwindle’, with often haphazard involvement of a wide range 61 

of healthcare professionals and services, and thus care can be sub-optimal.[2] A 62 

report from the UK Parliamentary and Health Service Ombudsman in May 2015 63 

found a lack of coordination of care services, delays in referral and inadequate out-64 

of-hours services have led to poor end of life care for a large number of patients.[3] 65 

The report suggested this could be improved by proper service delivery and 66 

organisation.[3] The term ‘formative care’ has been coined to describe the strategy of 67 

“enabling the best possible life quality and experience in the context of a life 68 
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reframed by frailty and dependency” for progressively dwindling patients in the time 69 

between active treatment and end of life care.[2] Aspects of formative care overlap 70 

with palliative care, including symptom relief and home care, although formative care 71 

focuses on maximising quality of life rather than quality of death, and takes place 72 

over years rather than weeks or months. Elements of formative care might include 73 

access to regular tailored physiotherapy, occupational therapy visits to the home 74 

environment, nutritional support, pathways to determine when packages of care 75 

should be escalated and improving this transition, and rationalising medication, 76 

focusing on those that improve quality of life. Promoting implementation of formative 77 

care from an early stage will also allow improved transition into palliative care, and 78 

act as a buffer against difficulties in determining when palliative care should begin.  79 

Identifying markers to predict those who will adopt a progressive dwindling trajectory 80 

will be essential for implementing formative care in a timely manner for these 81 

patients.  82 

 83 

People with MS (pwMS) have a prolonged disease course, often 50 years or 84 

more.[4] Disease modifying therapies are available for relapsing MS, but there are 85 

currently no licensed treatments for the progressive phase. As a result, a gap in 86 

structured care pathways has arisen between active treatment and end of life care, 87 

in which pwMS may spend a prolonged period ‘progressively dwindling’, with 88 

considerable distress associated with decline in physical and mental function.[5]  89 

This period without active treatment but before palliation is not specific to MS, but is 90 

particularly pertinent due to the extended and unpredictable timeframe. It is during 91 

this phase that pwMS could greatly benefit from formative care. Those pwMS who 92 

progressively dwindle experience a slow and steady accumulation of disability, 93 
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resulting in frailty, and associated with increased dependency and reduced 94 

physiologic reserve.[6] This period extends for many years before death, during 95 

which time there is an increasing burden of care, often taken on by the family, and 96 

punctuated by superimposed illness. As the ever-reducing physiologic reserve resets 97 

the baseline, there is reduced capacity to cope with said periods of superimposed 98 

illness, such as pneumonia, and ultimately these present the terminal event.[6] 99 

Because formative care promotes adequate planning of and improved transition to 100 

palliative care due to overlap in techniques, it should also empower patients to 101 

choose to die at home, if this is their wish. To understand how formative care might 102 

help pwMS, this study aimed to: (i) determine the frequency of progressive dwindling 103 

in an MS population, (ii) identify factors associated with progressive dwindling, (iii) 104 

determine specific cause of death and whether deaths were ultimately MS-related or 105 

not, and (iv) examine place of death in those with different trajectories to death.  106 

  107 
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Materials and Methods 108 

Data collection 109 

Data were retrospectively collated from a cohort of 582 pwMS who had died between 110 

January 1998 and February 2015 inclusive, and had been registered on the UK MS 111 

Tissue Bank (UKMSTB). The UKMSTB is a national scheme to collect post-mortem 112 

tissue donated from pwMS and non-MS controls, as well as death certificate data, 113 

clinical summaries and extensive clinical notes. As of February 2015, the UKMSTB 114 

stored post-mortem data on 606 pwMS; all were included in this study after exclusion 115 

of 9 donors without a confirmed tissue diagnosis of MS, and 15 donors with 116 

insufficient data on cause of death. Clinical notes were used to define the date of 117 

symptom onset, progressive disease (defined as a period of at least one year with 118 

gradual disability worsening without relapses), wheelchair use, and death, for all 119 

patients. Participants with missing data on symptom onset, progression, wheelchair 120 

use, and/or place of death were included in the study, but were excluded from 121 

relevant analyses. The UKMSTB has ethical approval from the London Multicenter 122 

Research Ethics Committee (MREC/02/2/39) to prospectively recruit donors after 123 

obtaining written informed consent, and accrue an extensive clinical summary from 124 

medical notes and death certificates as previously described.[7] 125 

 126 

Classification of death: Cause, MS-related, Trajectory, and Place 127 

Death certificate entries were used to categorise underlying cause of death (UCD), 128 

and confirmed using patient notes and clinical summaries when the death certificate 129 

was unclear. For example, if the death certificate stated ‘infection’ or ‘respiratory 130 

failure’, clinical notes were used to identify a more specific UCD e.g. pneumonia. If 131 

multiple causes were listed on the death certificate, clinical notes were used to 132 
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discern the primary cause of death.  If multiple causes of death were listed, the 133 

diagnosis that triggered the chain of events leading to death was chosen (e.g. 134 

pneumonia leading to respiratory failure). Where it could not be discerned whether 135 

one was more responsible that the other (e.g. pneumonia and UTI), and the clinical 136 

notes did not clarify, the first listed was used as the UCD. UCD was only categorised 137 

as MS when no other cause was listed; where possible a more specific cause (e.g. 138 

pneumonia) was used, even if secondary to MS. Deaths were also classified as 139 

being ‘related to MS’ or not, by examining death certificates and clinical notes. 140 

Trajectory to death categories were adapted from Bowman and Meyer;[2] trajectory 141 

was based on cause of death and review of the clinical summaries. Place of death 142 

categories were based on Public Health England’s place of death classification.[8] 143 

Own residence, care home and hospice deaths were also combined into a 144 

‘community’ category.  145 

 146 

Statistical analysis 147 

Cox proportional hazards regression was performed to compare survival from 148 

disease milestones between different groups e.g. those with MS-related deaths vs. 149 

those with non-MS-related deaths, those who progressively dwindled vs. those with 150 

other disease trajectories. Disease milestones were compared between all four 151 

disease trajectory groups using one way between subject ANOVA, with Tukey HSD 152 

used post hoc for significant ANOVA analyses. Student’s t-test was used to compare 153 

demographics in males and females.  Parametric tests were performed after testing 154 

for normality. Chi-squared test was used to compare location of death in those with 155 

different trajectories to death, and those with and without MS-related deaths. Yates’ 156 

chi-squared test was used to avoid overestimation of statistical significance. Where 157 
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chi-squared revealed significance in contingency tables greater than 2x2, further 158 

post hoc 2x2 chi-squared tests were carried out to identify the significant values, with 159 

criteria for statistical significance adjusted according to the number of post hoc tests 160 

carried out. 161 

  162 
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Results 163 

Study population and cause of death 164 

582 deceased pwMS were included in the analysis. 70% were female, and the 165 

average age at symptom onset was later among females than males (34.1±10.7 166 

[mean±SD] vs 30.6±9.7 p<0.001). The average age of progression was 45.5±11.3, 167 

the average age of wheelchair use was 50.6±12.8 and the average age at death was 168 

63.8±12.7 years with women dying later than men (64.9±13.1 vs 61.2±11.5, p<0.01). 169 

68.5% were categorised as secondary progressive MS at the time of death, 11.4% 170 

primary progressive, 6.0% relapsing remitting, and the sub-type of MS was 171 

unavailable in 14.1%. The most common UCD was pneumonia or 172 

bronchopneumonia (37.5%), followed by MS (14.8%), cancer (10.1%), and 173 

aspiration pneumonia (8.6%; Table 1). 72.5% died an MS-related death. 35.9% of 174 

pwMS did not have MS recorded on any part of their death certificate; including 175 

28.7% of those whose death was adjudged to be MS-related after inspection of 176 

clinical notes in this study.  177 

 178 

Table 1. Cause of death of 582 people with MS, UKMSTB January 1998 to 179 

February 2015. 180 

Cause of death specific categories n (%) 

Multiple sclerosis 86 (14.8) 

  

Pneumonia, bronchopneumonia 218 (37.5) 

Aspiration pneumonia 50 (8.6) 

Urinary tract infection 34 (5.8) 



10 
 

 181 

 182 

MS-related deaths are predicted by markers of aggressive disease 183 

Of the 582 pwMS, 72.5% died an MS-related death. MS-related deaths were 184 

associated with younger age at symptom onset (MS-related: 31.6±9.9; non MS-185 

Other infection, inc. sepsis 12 (2.1) 

  

Acute cardiovascular event 22 (3.8) 

Acute cerebrovascular event 18 (3.1) 

Pulmonary embolism 14 (2.4) 

Non-acute cardiac e.g. senile myocardium or heart failure 11 (1.9) 

Respiratory failure 9 (1.5) 

Infection secondary to chronic obstructive pulmonary disease 7 (1.2) 

  

Cancer 59 (10.1) 

  

Acute abdomen e.g. obstruction 13 (2.2) 

Suicide 7 (1.2) 

Epilepsy 3 (0.5) 

Other e.g. fulminant liver failure, renal failure, dehydration, acute 

pyelonephritis, tuberculosis, old age, myelodysplastic syndrome, 

liver abscess, progressive multifocal leukoencephalopathy, 

general deterioration, anaphylactic reaction, cardiac asthenia 

amyloid, ruptured left subclavian artery aneurysm, necrotic 

fasciitis, accidents, dementia, and frailty. 

19 (3.1) 
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related 36.9±10.9, p<0.0001), progression (MS-related: 43.5±10.3; non MS-related 186 

51.3±11.9, p<0.0001), wheelchair use (MS-related: 48.4±11.9; non MS-related 187 

57.6±12.9, p<0.0001) and death (MS-related: 61.5±12.4; non MS-related 68.9±11.6, 188 

p<0.0001). MS-related deaths were also associated with a shorter time from 189 

symptom onset to death (MS-related: 29.4 ±11.9; non MS-related 32.9±12.7, 190 

p<0.01). These earlier milestones are indicative of more aggressive disease courses 191 

leading to MS-related deaths (Figure 1). 192 

 193 

Figure 1. Cox proportional hazard regression model comparing disease length 194 

leading to MS-related deaths and unrelated deaths. 195 

 Those whose death was MS-related had a shorter disease course from symptom 196 

onset to death than those whose death was unrelated (R2=0.016, n=504, p<0.01; MS 197 

death 1.32, 95CI 1.08-1.61). Dotted line represents MS-related deaths; solid line 198 

represents non-MS-related deaths. 199 

 200 

Progressive dwindling is a common trajectory in MS, and is predicted by 201 

earlier disease milestones 202 

Of 582 pwMS, 429 (73.7%) progressively dwindled, 76 died a sudden death, 59 203 

experienced a clear clinical transition from a treatable to an unrelenting progressive 204 

disease (e.g. cancer), and 18 died as a result of an acute exacerbation of a 205 

progressive long-term condition. When comparing those who progressively dwindled 206 

with the other trajectories combined, those who progressively dwindled had earlier 207 

age at onset, progression, wheelchair use and death (all p<0.01; Figure 2). 208 

Differences between groups remained when comparing individual groups in a one-209 
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way between subjects ANOVA (Table 2).  More specifically, after post-hoc Tukey 210 

HSD, those who progressively dwindled had a mean age at MS onset five years 211 

earlier than those who died suddenly (p<0.01). Those who experienced a 212 

progressive dwindling trajectory had an earlier age at progression than those who 213 

died following a clear clinical transition (p<0.05) or an acute exacerbation (p<0.01). 214 

Those who experienced a progressive dwindling course were wheelchair-bound 9 215 

years earlier than those who died following acute exacerbations and 5 years earlier 216 

than those who died suddenly (both p<0.05). Those who progressively dwindled died 217 

at a younger age than those who experienced any other trajectory to death (all 218 

p<0.05). There was no significant relationship between the trajectory to death and 219 

interval from symptom onset to death. 220 

  221 

Figure 2. Cox proportional hazard regression models of disease milestones in 222 

those who progressively dwindle compared to other trajectories.  223 

Those who progressively dwindle had an earlier age at onset (A, R2=0.02, n=504, 224 

p<0.01; Progressive dwindling: 1.08, 95CI 1.03-1.14), progression (B, R2=0.024, 225 

n=390, p<0.01; Progressive dwindling :1.09, 95CI 1.03-1.16), wheelchair use (C, 226 

R2=0.022, n=462, p<0.01; Progressive dwindling: 1.09, 95CI 1.03-1.15) and death 227 

(D, R2=0.014, n=582, p<0.01; Progressive dwindling: 1.07, 95CI 1.02-1.12).  Dotted 228 

lines represent those with progressive dwindling trajectory to death; solid line 229 

represents all other disease trajectories. 230 

 231 

 232 

 233 
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 234 

 235 

 236 

 237 

 238 

  239 

Table 2. Different Trajectories association with MS milestones. 

Trajectories Mean age at 
symptom 
onset ±SD (n)  

Mean age at 
progression 
±SD (n)  

Mean age at 
wheelchair 
±SD (n)  

Mean age at 
death ±SD (n) 

Clear clinical 
transition 

35.3±10.0 (54) 50.2 ±9.9 (38) 54.2±10.6 (39) 67.7±10.2 (59) 

Acute 
exacerbation 
of progressive 
long-term 
condition 

35.5±10.4 (15) 54.5±15.3 (12) 58.5±13.6 (13) 71.2±9.2 (18) 

Sudden 36.9±10.7 (65) 47.1±10.4 (42) 54.4±13.0 (56) 66.5±12.1 (76) 

Progressive 
dwindling 

32.0±10.3 
(370) 

44.3±11.1 
(298) 

49.3±12.6 
(354) 

62.5±13.0 
(429) 

ANOVA 
Significance 

p<0.01 p<0.001 p<0.001 p<0.001 

 

The significant associations as identified by post-hoc Tukey HSD are detailed 

under ‘Progressive dwindling is a common trajectory in MS, and is predicted by 

earlier disease milestones’. 
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Location of death 240 

Of 582 donors included in the study, place of death was available for 503 donors 241 

(86.4%). Of those, 50.7% died in hospital, 25.4% died in a care home, 18.9% died in 242 

their own residence, 4.6% died in a hospice and 2 died in other locations. Those who 243 

progressively dwindled were equally likely to die in hospital as those with other 244 

trajectories to death (Table 3).  245 

 246 

Similarly, those whose death was MS-related were equally likely to die in hospital as 247 

those whose death was unrelated to MS (Table 4).  Those with MS-related deaths 248 

were less likely to die in a hospice – a category dominated by those with cancer-249 

related deaths.  Dying in the community rather than in hospital was not associated 250 

with an earlier death or a shorter interval from symptom onset to death. 251 

 252 

 253 

Table 3. Community vs. hospital and trajectory to death 

 Community  
n (%) 

Hospital n 
(%) 

Total 

1 Clear clinical transition 33 (61.1) 21 (38.9) 54 

2 Acute exacerbations of 
progressive long-term 
conditions 

3 (23.1) 10 (76.9) 13 

3 Sudden 32 (47.8) 35 (52.2) 67 

4 Progressive dwindling 178 (48.5) 189 (51.5) 367 

Total 246 (49.1) 255 (50.9) 501 
 

NB: two died in ‘other’ locations which were not classified into community or 
hospital. 
Own residence, care home and hospice deaths were combined into a ‘community’ 
category. 
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 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

Table 4. The relationship between place of death and whether a death was 

MS-related.  

Significantly lower numbers of subjects died an MS-related death in hospices 

compared to those who had a non MS-related death (p<0.01, χ² test).  

 MS-related death 
n (%) 

Not MS-related 
death n (%) 

1 Own residence 67 (70.5) 28 (29.5) 

2 Hospital 184  (72.2) 71 (27.8) 

3 Care homes 98 (76.6) 30 (23.4) 

4 Hospice 9 (39.1) 14 (60.9) 

5 Other† 0 2 

Total 358 (71.2) 145 (28.8) 

† excluded from χ² test  
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Discussion 266 

This study finds rates of progressive dwindling in pwMS far greater than in the 267 

general population. These results emphasise the extended and unpredictable 268 

timeframe between active treatment and end of life care in MS, and the high 269 

proportion of pwMS who have prolonged periods of frailty, dependency, and reduced 270 

physiological reserve for many years prior to death. Those who progressively 271 

dwindle are equally likely to die in hospital as those with more acute trajectories to 272 

death, which might be interpreted as a failure of care. This study also finds that 273 

progressive dwindling can be predicted by early markers of aggressive disease in 274 

pwMS, suggesting an opportunity for targeted formative care in this subset of 275 

patients.  276 

The UKMSTB is a community based scheme where people with MS register during 277 

their lifetime for tissue and clinical data to be collected when they die. Donors are 278 

representative of MS patients nationwide as a result of a national community-based 279 

recruitment strategy, with accurate representation of clinical milestones and MS sub-280 

types confirmed by comparison with other study populations. [7] One advantage of 281 

this large cohort of 582 pwMS is that extensive clinical summaries are available for 282 

each donor, to allow accurate categorisation of disease milestones, trajectories, and 283 

cause of death.  In addition, it was possible to include cases regardless of whether 284 

MS was mentioned on the death certificate, in contrast to previous studies on 285 

mortality in MS.[9, 10]  Indeed, in our cohort, MS was not mentioned on the death 286 

certificate in 35.9% of cases, many of which we adjudged to have died an MS-287 

related death after inspection of clinical records. Furthermore, by manually 288 

categorising UCD in each patient, we mitigated the effect of heterogeneous death 289 
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certification technique and coding rule changes which can lead to inconsistent 290 

reporting of UCD within other studies.[10-12]  291 

The most important limitation of this study was that data were retrospectively collated 292 

from clinical records and notes. The required data was not apparent on occasion, for 293 

example the ‘date of wheelchair use’ may not have been documented, while on other 294 

occasions coding of data required interpretation by the assessor. However, care was 295 

taken to formulate standardised rules for coding, and the availability of clinical notes 296 

improved reliability of data over death certificates. Overall, manual determination of 297 

these factors was considered to be a strength of this study as it allowed a more 298 

thorough analysis of each case, using the clinical summary where necessary. 299 

Another possible limitation is that cases were included whose deaths occurred 300 

between 1998 and 2015. Standards of care may have changed over this period, 301 

although the results reported in this study appeared consistent over time.   302 

The most common cause of death was pneumonia (46%), followed by MS (14.8%), 303 

and cancer (10.1%). The rates of pneumonia and MS deaths are different to those 304 

found in other studies,[12, 13] however this is due to methodological differences; 305 

UCD was only classed as MS where no other cause was available, in order to allow 306 

more specific analysis of cause of death. Diseases of the respiratory system 307 

accounted for 15% of deaths in the UK in 2013 and therefore are far more common 308 

in our MS cohort.[14] Cancer is the most common cause of death among the general 309 

population (29%) followed by diseases of the circulatory system (28%); both much 310 

higher rates than in our cohort.[14] Accidents and suicide accounted for 1.2% of 311 

deaths in our sample, equal to rates in the UK general population in 2013.[14, 15] 312 

Although only 14.8% of death certificates directly attributed UCD to MS, 72.5% of 313 

deaths were MS-related. Younger age at symptom onset, wheelchair use, 314 
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progression and death, as well as a shorter disease course, were all associated with 315 

MS-related death. This earlier achievement of disease milestones and shorter 316 

interval between milestones is suggestive of a more aggressive disease course; 317 

those who evade this aggressive disease course are more prone to the same causes 318 

of death as the general population. 319 

This study found that 73.7% of pwMS had a progressively dwindling trajectory prior 320 

to death. This is in contrast to the general ageing population, in which 40% of the 321 

population progressively dwindle.[2] Those who progressively dwindled experienced 322 

an earlier age at symptom onset, progression, wheelchair use, and death than those 323 

experiencing other trajectories, indicating that earlier disease milestones predict 324 

progressive dwindling.  325 

In 2006, 58% of general population deaths in the UK were in hospital and only 35% 326 

of people died at home or in a care home, despite 56-74% of people saying they 327 

would prefer to die at home.[16, 17] As a result of this majority preference for dying 328 

at home, place of death is often considered a surrogate marker of the success of end 329 

of life care. Of 503 pwMS in this study, 50.8% died in hospital, 25.4% died in a care 330 

home, 18.9% died in their own residence, and 4.5% died in a hospice, consistent 331 

with previous work.[10] Those who died following a progressive dwindling trajectory 332 

were as likely to die in hospital as any other group, a statistic that might be improved 333 

with the implementation of formative care pathways for this group, as the nature of 334 

the trajectory allows time to discuss patient preferences and establish appropriate 335 

plans. Major barriers to dying in the community include poor provision of end of life 336 

care services by general practices, insufficient community nursing staff, poor 337 

coordination of services, and lack of access to home modifications and out-of-hours 338 

medicines.[18] MS patients may be more vulnerable to these service deficiencies, as 339 
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a result of their comparably young age, complex care needs and increased rates of 340 

cognitive disability.[19] Implementation of a structured package of formative care, 341 

with discussions at various stages of the process, would give pwMS opportunities 342 

from an early stage, to communicate how they wish to live, and die, as well as 343 

providing a more suitable and coordinated care network to meet their requirements. 344 

As people approach death, an increasing number of pwMS and their caregivers 345 

desire support from palliative care services either at home or in hospices.[17, 20, 21] 346 

In our study, those who died an MS-related death were far less likely to die in a 347 

hospice than those who died a non-MS related death, suggesting hospice services 348 

seldom offer palliative care to those dying of MS, despite previous research showing 349 

similarities between MS and cancer in the prevalence of palliative-care-related 350 

problems, and the need for more palliative care services for pwMS.[22, 23] Even in 351 

the general population, it is estimated that 69%-82% of those who die need palliative 352 

care, whereas in our study only 4.6% of pwMS died in a hospice, most of whom also 353 

had cancer.[24] Randomised controlled trials in pwMS have shown that palliative 354 

care can improve patient-reported outcomes, care-giver burden, and are cost-355 

effective.[25-27] Difficulties in determining prognosis can lead to lack of utilisation of 356 

end of life care services by those with non-malignant diseases as healthcare 357 

professionals may be unsure when to begin the transfer to these services.[28, 29] 358 

The use of predictors of progressive dwindling, with a transfer to formative care 359 

pathways may improve quality of life for these patients in the progressive stage of 360 

their disease, and because of the overlap in techniques, may increase scope for 361 

smooth transition into palliative care in the home or hospice environment.[29] An 362 

ongoing randomised controlled trial from Solari et al is examining the strengths and 363 

limitations of a home-based end-of-life care approach in people with severe MS; this 364 
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should provide insight into the impact of, for example, home pain management 365 

services on MS symptoms and health-related quality of life, an important aspect of 366 

formative care.[30]    367 

A qualitative study by Borreani et al. of pwMS, their carers and health professionals, 368 

found that adapting to life with disability was of greater importance than end of life 369 

care.[31] The interventions proposed in response to their findings implied a formative 370 

approach, including domestic support, rehabilitation and psychosocial 371 

intervention.[31]  372 

Future work should develop ways to improve the delivery of formative care, assess 373 

its acceptability, and whether it could be delivered in complex situations.  Input from 374 

pwMS and their families is paramount in developing such pathways. Further work 375 

could build a quantitative tool to allow clinicians to assess the exact risk of 376 

progressive dwindling for an individual patient with a specific combination of risk 377 

factors. Such a tool might be utilised to deliver formative care approaches to targeted 378 

patient populations, and to evaluate their impact on symptom relief, quality of life, 379 

place of death, cost of healthcare, and benefit to carers and family members. 380 

 381 

Conclusion 382 

End of life care has been failing a large number of patients because of 383 

uncoordinated services, lack of communication and lack of identification of people 384 

who are dying.[3] Formative care, when not properly designated as such can be 385 

disjointed and inadequate from the patient and family’s perspective and 386 

unnecessarily expensive from a service provider’s angle.[1] This study concludes 387 
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that these failings might impact particularly upon pwMS, as 73.7% of pwMS followed 388 

the progressively dwindling trajectory to death. A marker of these failings lies in the 389 

finding that pwMS who progressively dwindle are no less likely to die in hospital than 390 

those with other trajectories to death. Ideally, those who progressively dwindle 391 

should have lower rates of hospital deaths, as a result of well-timed discussions, 392 

adequate planning and well-coordinated formative and palliative care services. This 393 

study aimed to identify factors associated with progressive dwindling and found that 394 

early disease milestones such as age at onset, progression and wheelchair use can 395 

be used as potential predictors, thus allowing timely discussions, a vital step towards 396 

providing formative care to those who need it. This study found that 72.5% of pwMS 397 

died an MS-related death, and this too was associated with an aggressive early 398 

disease course. The use of predictors of progressive dwindling, with a transfer to 399 

formative care pathways for years prior to death may improve quality of life for 400 

patients in the progressive stage of their disease and their caregivers, and may 401 

increase scope for smooth transition into palliative care in the home or hospice 402 

environment. We believe that better coordination of medical and social care is 403 

paramount in the years prior to death but subsequent to active treatment in pwMS 404 

and other populations.  The results from this study provide a framework on which to 405 

base subsequent carestrategies, and to target those who might benefit most from 406 

formative care. 407 
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Abstract 21 

Introduction: In the general ageing population, 40% of deaths occur following a 22 

prolonged trajectory of ‘progressive dwindling’, characterised by chronic 23 

accumulation of disability and frailty, and associated with increased dependency and 24 

reduced reserves. Those who progressively dwindle are poorly catered for by current 25 

healthcare systems and would benefit from a coordinated approach to their medical 26 

and social care, known as formative care. People with multiple sclerosis (pwMS) 27 

may be more likely to progressively dwindle, and may be appropriate targets for 28 

formative care pathways. 29 

Objectives: To determine the proportion of pwMS who follow a progressive 30 

dwindling trajectory prior to death.  To relate trajectory to place of death, and 31 

examine what factors predict the progressively dwindling trajectory. 32 

Methods: A retrospective observational study of 582 deceased pwMS enrolled in the 33 

UK MS Tissue Bank, including death certificates and extensive clinical summaries.  34 

Results: 73.7% of pwMS had a ‘progressively dwindling’ trajectory of dying.  This 35 

was predicted by those who reach MS disease milestones earlier. 72.5% of pwMS 36 

died an MS-related death, which was predicted by an aggressive disease course 37 

from onset. Those who progressively dwindled were equally likely to die in hospital 38 

as those with other trajectories to death.   39 

Conclusions: The progressively dwindling trajectory of dying is very common in 40 

pwMS, and can be predicted by earlier disease milestones. Pathways could target 41 

pwMS in these years prior to death, to improve care. 42 

  43 
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Introduction 44 

Over the last century there has been a shift in the commonest causes of death, from 45 

acute causes at a young age, to a substantially lengthened lifespan characterised by 46 

a period of progressive chronic illness before death.[1] Bowman and Meyer (2014) 47 

described four broad trajectories of dying in an ageing population:[2]  48 

 20% are sudden e.g. myocardial infarction; 49 

 20% of deaths follow a short period of rapid decline after a ‘clear clinical 50 

transition’ from treatable to progressive e.g. cancer;  51 

 20% occur as a result of acute exacerbations of a progressive long-term 52 

disease e.g. chronic obstructive pulmonary disease;  53 

 40% of deaths occur following a prolonged period of ‘progressive dwindling’ 54 

e.g. Alzheimer’s disease. 55 

For the first three trajectories, healthcare infrastructure is well established and 56 

effective, with preventative and emergency medicine for the sudden trajectory, 57 

palliative care for those with a short period of rapid decline, and specialist chronic 58 

disease management programmes for those with progressive long-term diseases 59 

with acute exacerbations.[2] However, there is a lack of appropriate pathways for 60 

those who ‘progressively dwindle’, with often haphazard involvement of a wide range 61 

of healthcare professionals and services, and thus care can be sub-optimal.[2] A 62 

report from the UK Parliamentary and Health Service Ombudsman in May 2015 63 

found a lack of coordination of care services, delays in referral and inadequate out-64 

of-hours services have led to poor end of life care for a large number of patients.[3] 65 

The report suggested this could be improved by proper service delivery and 66 

organisation.[3] The term ‘formative care’ has been coined to describe the strategy of 67 

“enabling the best possible life quality and experience in the context of a life 68 
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reframed by frailty and dependency” for progressively dwindling patients in the time 69 

between active treatment and end of life care.[2] Aspects of formative care overlap 70 

with palliative care, including symptom relief and home care, although formative care 71 

focuses on maximising quality of life rather than quality of death, and takes place 72 

over years rather than weeks or months. Elements of formative care might include 73 

access to regular tailored physiotherapy, occupational therapy visits to the home 74 

environment, nutritional support, pathways to determine when packages of care 75 

should be escalated and improving this transition, and rationalising medication, 76 

focusing on those that improve quality of life. Promoting implementation of formative 77 

care from an early stage will also allow improved transition into palliative care, and 78 

act as a buffer against difficulties in determining when palliative care should begin.  79 

Identifying markers to predict those who will adopt a progressive dwindling trajectory 80 

will be essential for implementing formative care in a timely manner for these 81 

patients.  82 

 83 

People with MS (pwMS) have a prolonged disease course, often 50 years or 84 

more.[4] Disease modifying therapies are available for relapsing MS, but there are 85 

currently no licensed treatments for the progressive phase. As a result, a gap in 86 

structured care pathways has arisen between active treatment and end of life care, 87 

in which pwMS may spend a prolonged period ‘progressively dwindling’, with 88 

considerable distress associated with decline in physical and mental function.[5]  89 

This period without active treatment but before palliation is not specific to MS, but is 90 

particularly pertinent due to the extended and unpredictable timeframe. It is during 91 

this phase that pwMS could greatly benefit from formative care. Those pwMS who 92 

progressively dwindle experience a slow and steady accumulation of disability, 93 
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resulting in frailty, and associated with increased dependency and reduced 94 

physiologic reserve.[6] This period extends for many years before death, during 95 

which time there is an increasing burden of care, often taken on by the family, and 96 

punctuated by superimposed illness. As the ever-reducing physiologic reserve resets 97 

the baseline, there is reduced capacity to cope with said periods of superimposed 98 

illness, such as pneumonia, and ultimately these present the terminal event.[6] 99 

Because formative care promotes adequate planning of and improved transition to 100 

palliative care due to overlap in techniques, it should also empower patients to 101 

choose to die at home, if this is their wish. To understand how formative care might 102 

help pwMS, this study aimed to: (i) determine the frequency of progressive dwindling 103 

in an MS population, (ii) identify factors associated withpredictors of  progressive 104 

dwindling, (iii) determine specific cause of death and whether deaths were ultimately 105 

MS-related or not, and (iv) examine place of death in those with different trajectories 106 

to death.and to characterise place of death in those with different trajectories to 107 

death. This study also examines whether deaths were MS-related or not, and 108 

specific cause of death. This study finds rates of progressive dwindling in pwMS far 109 

greater than in the general population.  Progressive dwindling can be predicted in 110 

pwMS by early markers of aggressive disease, and is not associated with a different 111 

place of death.  112 

  113 
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Materials and Methods 114 

Data collection 115 

Data were retrospectively collated from a cohort of 597582 pwMS who had died 116 

between January 1998 and February 2015 inclusive, and had been registered on the 117 

UK MS Tissue Bank (UKMSTB),. The UKMSTB is a national scheme to collect post-118 

mortem tissue donated from pwMS and non-MS controls, as well as death certificate 119 

data, clinical summaries and extensive clinical notes. a large observational 120 

community-based population of pwMS and controls. As of February 2015, the 121 

UKMSTB stored post-mortem data on 606 pwMS; all were included in this study after 122 

exclusion of 9 donors without a confirmed tissue diagnosis of MS, and  15 123 

participants were excluded from the study as there was donors with insufficient data 124 

on cause of death. Clinical notes were used to define the date of symptom onset, 125 

progressive disease (defined as a period of at least one year with gradual disability 126 

worsening without relapses), wheelchair use, and death, for all patients. Participants 127 

with missing data on symptom onset, progression, wheelchair use, and/or place of 128 

death were included in the study, but were excluded from relevant analyses. The 129 

UKMSTB has ethical approval from the London Multicenter Research Ethics 130 

Committee (MREC/02/2/39) to prospectively recruit donors after obtaining written 131 

informed consent, and accrue an extensive clinical summary from medical notes and 132 

death certificates as previously described.[7] Raw data has not been provided as it 133 

contains patient identifiable information, and is custody of the UK MS Tissue Bank. 134 

Requests for data can be made to the UK MS Tissue Bank via Dr Richard Nicholas 135 

(r.nicholas@imperial.ac.uk). 136 

 137 

Classification of death: Cause, MS-related, Trajectory, and Place 138 
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Death certificate entries were used to categorise underlying cause of death (UCD), 139 

and confirmed using patient notes and clinical summaries when the death certificate 140 

was unclear. For example, if the death certificate stated ‘infection’ or ‘respiratory 141 

failure’, clinical notes were used to identify a more specific UCD e.g. pneumonia. If 142 

multiple causes were listed on the death certificate, clinical notes were used to 143 

discern the primary cause of death.  UCD was only categorised as MS when no 144 

other cause was listed; where possible a more specific cause (e.g. pneumonia) was 145 

used, even if secondary to MS. If multiple causes of death were listed, the diagnosis 146 

that triggered the chain of events leading to death was chosen (e.g. pneumonia 147 

leading to respiratory failure). Where it could not be discerned whether one was 148 

more responsible that the other (e.g. pneumonia and UTI), and the clinical notes did 149 

not clarify, the first listed was used as the UCD. UCD was only categorised as MS 150 

when no other cause was listed; where possible a more specific cause (e.g. 151 

pneumonia) was used, even if secondary to MS.  Deaths were also classified as 152 

being ‘related to MS’ or not, by examining death certificates and clinical notes. 153 

Trajectory to death categories were adapted from Bowman and Meyer;[2] trajectory 154 

was based on cause of death and review of the clinical summaries. Place of death 155 

categories were based on Public Health England’s place of death classification.[8] 156 

Own residence, care home and hospice deaths were also combined into a 157 

‘community’ category.  158 

 159 

Statistical analysis 160 

Analyses included Student’s t-test, chi-squared test, one-way between subjects 161 

ANOVA, and Cox proportional hazards regression. Cox proportional hazards 162 

regression was performed to compare survival from disease milestones between 163 
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different groups e.g. those with MS-related deaths vs. those with non-MS-related 164 

deaths, those who progressively dwindled vs. those with other disease trajectories. 165 

Disease milestones were compared between all four disease trajectory groups using 166 

one way between subject ANOVA, with Tukey HSD used post hoc for significant 167 

ANOVA analyses. Student’s t-test was used to compare demographics in males and 168 

females.  Parametric tests were performed after testing for normality. Chi-squared 169 

test was used to compare location of death in those with different trajectories to 170 

death, and those with and without MS-related deaths. Yates’ chi-squared test was 171 

used to avoid overestimation of statistical significance. Where chi-squared revealed 172 

significance in contingency tables greater than 2x2, further post hoc 2x2 chi-squared 173 

tests were carried out to identify the significant values, with criteria for statistical 174 

significance adjusted according to the number of post hoc tests carried out. Tukey 175 

HSD was used post hoc for significant ANOVA analyses. 176 

  177 
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Results 178 

Study population and cause of death 179 

582 deceased pwMS were included in the analysis. 70% were female, and the 180 

average age at symptom onset was later among females than males (34.1±10.7 181 

[mean±SD] vs 30.6±9.7 p<0.001). The average age of progression was 45.5±11.3, 182 

the average age of wheelchair use was 50.6±12.8 and the average age at death was 183 

63.8±12.7 years with women dying later than men (64.9±13.1 vs 61.2±11.5, p<0.01). 184 

68.5% were categorised as secondary progressive MS at the time of death, 11.4% 185 

primary progressive, 6.0% relapsing remitting, and the sub-type of MS was 186 

unavailable in 14.1%. The most common UCD was pneumonia or 187 

bronchopneumonia (37.5%), followed by MS (14.8%), cancer (10.1%), and 188 

aspiration pneumonia (8.6%; Table 1). 72.5% died an MS-related death. 35.9% of 189 

pwMS did not have MS recorded on any part of their death certificate; including 190 

28.7% of those whose death was adjudged to be MS-related after inspection of 191 

clinical notes in this study.  192 

 193 

Table 1. Cause of death of 582 people with MS, UKMSTB January 1998 to 194 

February 2015.   195 

Cause of death specific categories n (%) 

Multiple sclerosis 86 (14.8) 

  

Pneumonia, bronchopneumonia 218 (37.5) 

Aspiration pneumonia 50 (8.6) 

Urinary tract infection 34 (5.8) 
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 196 

 197 

MS-related deaths are predicted by markers of aggressive disease 198 

Of the 582 pwMS, 72.5% died an MS-related death. MS-related deaths were 199 

associated with younger age at symptom onset (MS-related: 31.6±9.9; non MS-200 

Other infection, inc. sepsis 12 (2.1) 

  

Acute cardiovascular event 22 (3.8) 

Acute cerebrovascular event 18 (3.1) 

Pulmonary embolism 14 (2.4) 

Non-acute cardiac e.g. senile myocardium or heart failure 11 (1.9) 

Respiratory failure 9 (1.5) 

Infection secondary to chronic obstructive pulmonary disease 7 (1.2) 

  

Cancer 59 (10.1) 

  

Acute abdomen e.g. obstruction 13 (2.2) 

Suicide 7 (1.2) 

Epilepsy 3 (0.5) 

Other e.g. fulminant liver failure, renal failure, dehydration, acute 

pyelonephritis, tuberculosis, old age, myelodysplastic syndrome, 

liver abscess, progressive multifocal leukoencephalopathy, 

general deterioration, anaphylactic reaction, cardiac asthenia 

amyloid, ruptured left subclavian artery aneurysm, necrotic 

fasciitis, accidents, dementia, and frailty. 

19 (3.1) 
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related 36.9±10.9, p<0.0001), progression (MS-related: 43.5±10.3; non MS-related 201 

51.3±11.9, p<0.0001), wheelchair use (MS-related: 48.4±11.9; non MS-related 202 

57.6±12.9, p<0.0001) and death (MS-related: 61.5±12.4; non MS-related 68.9±11.6, 203 

p<0.0001). MS-related deaths were also associated with a shorter time from 204 

symptom onset to death (MS-related: 29.4 ±11.9; non MS-related 32.9±12.7, 205 

p<0.01). These earlier milestones are indicative of more aggressive disease courses 206 

leading to MS-related deaths (Figure 1). 207 

 208 

Figure 1. Cox proportional hazard regression model comparing disease length 209 

leading to MS-related deaths and unrelated deaths. 210 

 Those whose death was MS-related had a shorter disease course from symptom 211 

onset to death than those whose death was unrelated (R2=0.016, n=504, p<0.01; MS 212 

death 1.32, 95CI 1.08-1.61). Dotted line represents MS-related deaths; solid line 213 

represents non-MS-related deaths. 214 

 215 

Progressive dwindling is a common trajectory in MS, and is predicted by 216 

earlier disease milestones 217 

Of 582 pwMS, 429 (73.7%) progressively dwindled, 76 died a sudden death, 59 218 

experienced a clear clinical transition from a treatable to an unrelenting progressive 219 

disease (e.g. cancer), and 18 died as a result of an acute exacerbation of a 220 

progressive long-term condition. When comparing those who progressively dwindled 221 

with the other trajectories combined, those who progressively dwindled had earlier 222 

age at onset, progression, wheelchair use and death (all p<0.01; Figure 2). 223 

Differences between groups remained when comparing individual groups in a one-224 
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way between subjects ANOVA (Table 2).  More specifically, after post-hoc Tukey 225 

HSD, those who progressively dwindled had a mean age at MS onset five years 226 

earlier than those who died suddenly (p<0.01). Those who experienced a 227 

progressive dwindling trajectory had an earlier age at progression than those who 228 

died following a clear clinical transition (p<0.05) or an acute exacerbation (p<0.01). 229 

Those who experienced a progressive dwindling course were wheelchair-bound 9 230 

years earlier than those who died following acute exacerbations and 5 years earlier 231 

than those who died suddenly (both p<0.05). Those who progressively dwindled died 232 

at a younger age than those who experienced any other trajectory to death (all 233 

p<0.05). There was no significant relationship between the trajectory to death and 234 

interval from symptom onset to death. 235 

  236 

Figure 2. Cox proportional hazard regression models of disease milestones in 237 

those who progressively dwindle compared to other trajectories.  238 

Those who progressively dwindle had an earlier age at onset (A, R2=0.02, n=504, 239 

p<0.01; Progressive dwindling: 1.08, 95CI 1.03-1.14), progression (B, R2=0.024, 240 

n=390, p<0.01; Progressive dwindling :1.09, 95CI 1.03-1.16), wheelchair use (C, 241 

R2=0.022, n=462, p<0.01; Progressive dwindling: 1.09, 95CI 1.03-1.15) and death 242 

(D, R2=0.014, n=582, p<0.01; Progressive dwindling: 1.07, 95CI 1.02-1.12).  Dotted 243 

lines represent those with progressive dwindling trajectory to death; solid line 244 

represents all other disease trajectories. 245 

 246 

 247 

 248 
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 249 

 250 

 251 

 252 

 253 

  254 

Table 2. Different Trajectories association with MS milestones. 

Trajectories Mean age at 
symptom 
onset ±SD (n)  

Mean age at 
progression 
±SD (n)  

Mean age at 
wheelchair 
±SD (n)  

Mean age at 
death ±SD (n) 

Clear clinical 
transition 

35.3±10.0 (54) 50.2 ±9.9 (38) 54.2±10.6 (39) 67.7±10.2 (59) 

Acute 
exacerbation 
of progressive 
long-term 
condition 

35.5±10.4 (15) 54.5±15.3 (12) 58.5±13.6 (13) 71.2±9.2 (18) 

Sudden 36.9±10.7 (65) 47.1±10.4 (42) 54.4±13.0 (56) 66.5±12.1 (76) 

Progressive 
dwindling 

32.0±10.3 
(370) 

44.3±11.1 
(298) 

49.3±12.6 
(354) 

62.5±13.0 
(429) 

ANOVA 
Significance 

p<0.01 p<0.001 p<0.001 p<0.001 

 

The significant associations as identified by post-hoc Tukey HSD are detailed 

under ‘Progressive dwindling is a common trajectory in MS, and is predicted by 

earlier disease milestones’. 
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Location of deathThose who progressively dwindle are equally likely to die in 255 

hospital 256 

 257 

Of 503 pwMS in whom 582 donors included in the study, place of death was 258 

available for 503 donors (86.4%). Of those, 50.7% died in hospital, 25.4% died in a 259 

care home, 18.9% died in their own residence, 4.6% died in a hospice and 2 died in 260 

other locations. Those who progressively dwindled were equally likely to die in 261 

hospital as those with other trajectories to death (Table 3).  262 

 263 

Similarly, those whose death was MS-related were equally likely to die in hospital as 264 

those whose death was unrelated to MS (Table 4).  Those with MS-related deaths 265 

were less likely to die in a hospice – a category dominated by those with cancer-266 

related deaths.  Dying in the community rather than in hospital was not associated 267 

with an earlier death or a shorter interval from symptom onset to death. 268 

 269 

Table 3. Community vs. hospital and trajectory to death 

 Community  
n (%) 

Hospital n 
(%) 

Total 

1 Clear clinical transition from 
treatable to unrelenting 
progression 

33 (61.1) 21 (38.9) 54 

2 Acute exacerbations of 
progressive long-term 
conditions 

3 (23.1) 10 (76.9) 13 

3 Sudden 32 (47.8) 35 (52.2) 67 

4 Progressive dwindling 178 (48.5) 189 (51.5) 367 

Total 246 (49.1) 255 (50.9) 501 
 

NB: two died in ‘other’ locations which were not classified into community or 
hospital. 
Own residence, care home and hospice deaths were combined into a ‘community’ 
category. 
 

Formatted Table
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 270 

 271 

 272 

 273 

 274 

 275 

 276 

 277 

 278 

 279 

 280 

 281 

Table 4. The relationship between place of death and whether a death was 

MS-related.  

Significantly lower numbers of subjects died an MS-related death in hospices 

compared to those who had a non MS-related death (p<0.01, χ² test).  

 MS-related death 
n (%) 

Not MS-related 
death n (%) 

1 Own residence 67 (70.5) 28 (29.5) 

2 Hospital 184  (72.2) 71 (27.8) 

3 Care homes 98 (76.6) 30 (23.4) 

4 Hospice 9 (39.1) 14 (60.9) 

5 Other† 0 2 

Total 358 (71.2) 145 (28.8) 

† excluded from χ² test  
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 282 

Discussion 283 

This study finds rates of progressive dwindling in pwMS far greater than in the 284 

general population. These results emphasise the extended and unpredictable 285 

timeframe between active treatment and end of life care in MS, and the high 286 

proportion of pwMS who have prolonged periods of frailty, dependency, and reduced 287 

physiological reserve for many years prior to death. Those who progressively 288 

dwindle are equally likely to die in hospital as those with more acute trajectories to 289 

death, which might be interpreted as a failure of care. This study also finds that 290 

progressive dwindling can be predicted by early markers of aggressive disease in 291 

pwMS, suggesting an opportunity for targeted formative care in this subset of 292 

patients.  293 

This is the first study to look at the frequency of trajectory to death in the MS 294 

population, and factors which predict it. We find that progressive dwindling is far 295 

more common in MS than in the general population, and is predicted by reaching 296 

disease milestones earlier. Those who progressively dwindle are equally likely to die 297 

in hospital as those with more acute trajectories to death. The UKMSTB is a 298 

community based scheme where people with MS register during their lifetime for 299 

tissue and clinical data to be collected when they die. The milestones and MS sub-300 

types of donors in the UKMSTB are similar to other cohorts.Donors are 301 

representative of MS patients nationwide as a result of a national community-based 302 

recruitment strategy, with accurate representation of clinical milestones and MS sub-303 

types confirmed by comparison with other study populations. [7] One advantage of 304 

this large cohort of 582 pwMS is that extensive clinical summaries are available for 305 
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each donor, to allow accurate categorisation of disease milestones, trajectories, and 306 

cause of death.  In addition, it was possible to include cases are included regardless 307 

of whether MS was mentioned on the death certificate, in contrast to previous 308 

studies on mortality in MS.[9, 10]  Indeed, in our cohort, MS was not mentioned on 309 

the death certificate in 35.9% of cases, many of which we adjudged to have died an 310 

MS-related death after inspection of clinical records. Furthermore, by manually 311 

categorising UCD in each patient, we mitigated the effect of heterogeneous death 312 

certification technique and coding rule changes which can lead to inconsistent 313 

reporting of UCD within other studies.[10-12]  314 

The most important limitation of this study was that data were retrospectively collated 315 

from clinical records and notes. The required data was not apparent on occasion, for 316 

example the ‘date of wheelchair use’ may not have been documented, while on other 317 

occasions coding of data required interpretation by the assessor. However, care was 318 

taken to formulate standardised rules for coding, and the availability of clinical notes 319 

improved reliability of data over death certificates. Overall, manual determination of 320 

these factors was considered to be a strength of this study as it allowed a more 321 

thorough analysis of each case, using the clinical summary where necessary. 322 

Another possible limitation is that cases were included whose deaths occurred 323 

between 1998 and 2015. Standards of care may have changed over this period, 324 

although the results reported in this study appeared consistent over time.   325 

The most common cause of death was pneumonia (46%), followed by MS (14.8%), 326 

and cancer (10.1%). The rates of pneumonia and MS deaths are different to those 327 

found in other studies,[12, 13] however this is due to methodological differences; 328 

UCD was only classed as MS where no other cause was available, in order to allow 329 

more specific analysis of cause of death. Diseases of the respiratory system 330 
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accounted for 15% of deaths in the UK in 2013 and therefore are far more common 331 

in our MS cohort.[14] Cancer is the most common cause of death among the general 332 

population (29%) followed by diseases of the circulatory system (28%); both much 333 

higher rates than in our cohort.[14] Accidents and suicide accounted for 1.2% of 334 

deaths in our sample, equal to rates in the UK general population in 2013.[14, 15] 335 

Although only 14.8% of death certificates directly attributed UCD to MS, 72.5% of 336 

deaths were MS-related. Younger age at symptom onset, wheelchair use, 337 

progression and death, as well as a shorter disease course, were all associated with 338 

MS-related death. This earlier achievement of disease milestones and shorter 339 

interval between milestones is suggestive of a more aggressive disease course; 340 

those who evade this aggressive disease course are more prone to the same causes 341 

of death as the general population. 342 

This study found that 73.7% of pwMS had a progressively dwindling trajectory prior 343 

to death. This is in contrast to the general ageing population, in which 40% of the 344 

population progressively dwindle.[2] Those who progressively dwindled experienced 345 

an earlier age at symptom onset, progression, wheelchair use, and death than those 346 

experiencing other trajectories, indicating that earlier disease milestones predict 347 

progressive dwindling.  348 

In 2006, 58% of general population deaths in the UK were in hospital and only 35% 349 

of people died at home or in a care home, despite 56-74% of people saying they 350 

would prefer to die at home.[16, 17] As a result of this majority preference for dying 351 

at home, place of death is often considered a surrogate marker of the success of end 352 

of life care. Of 503 pwMS in this study, 50.8% died in hospital, 25.4% died in a care 353 

home, 18.9% died in their own residence, and 4.5% died in a hospice, consistent 354 

with previous work.[10] Those who died following a progressive dwindling trajectory 355 
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were as likely to die in hospital as any other group, a statistic that might be improved 356 

with the implementation of formative care pathways for this group, as the nature of 357 

the trajectory allows time to discuss patient preferences and establish appropriate 358 

plans. Major barriers to dying in the community include poor provision of end of life 359 

care services by general practices, insufficient community nursing staff, poor 360 

coordination of services, and lack of access to home modifications and out-of-hours 361 

medicines.[18] MS patients may be more vulnerable to these service deficiencies, as 362 

a result of their comparably young age, complex care needs and increased rates of 363 

cognitive disability.[19] Implementation of a structured package of formative care, 364 

with discussions at various stages of the process, would give pwMS opportunities 365 

from an early stage, to communicate how they wish to live, and die, as well as 366 

providing a more suitable and coordinated care network to meet their requirements. 367 

As people approach death, an increasing number of pwMS and their caregivers 368 

desire support from palliative care services either at home or in hospices.[17, 20, 21] 369 

In our study, those who died an MS-related death were far less likely to die in a 370 

hospice than those who died a non-MS related death, suggesting hospice services 371 

seldom offer palliative care to those dying of MS, despite previous research showing 372 

similarities between MS and cancer in the prevalence of palliative-care- related 373 

problems, and the need for more palliative care services for pwMS.[22, 23] Even in 374 

the general population, it is estimated that 69%-82% of those who die need palliative 375 

care, whereas in our study only 4.6% of pwMS died in a hospice, most of whom also 376 

had cancer.[24] Randomised controlled trials in pwMS have shown that palliative 377 

care can improve patient-reported outcomes, care-giver burden, and are cost-378 

effective.[25-27] Difficulties in determining prognosis can lead to lack of utilisation of 379 

end of life care services by those with non-malignant diseases as healthcare 380 
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professionals may be unsure when to begin the transfer to these services.[28, 29] 381 

The use of predictors of progressive dwindling, with a transfer to formative care 382 

pathways may improve quality of life for these patients in the progressive stage of 383 

their disease, and because of the overlap in techniques, may increase scope for 384 

smooth transition into palliative care in the home or hospice environment.[29] An 385 

ongoing randomised controlled trial from Solari et al is examining the strengths and 386 

limitations of a home-based end-of-life care approach in people with severe MS; this 387 

should provide insight into the impact of, for example, home pain management 388 

services on MS symptoms and health-related quality of life, an important aspect of 389 

formative care.[30]    390 

A qualitative study by Borreani et al. of pwMS, their carers and health professionals, 391 

found that adapting to life with disability was of greater importance than end of life 392 

care.[31] The interventions proposed in response to their findings implied a formative 393 

approach, including domestic support, rehabilitation and psychosocial 394 

intervention.[31] An ongoing randomised controlled trial from Solari et al. will 395 

examine the strengths and limitations of a home-based end-of-life care approach in 396 

people with severe MS; this should provide insight into the impact of, for example, 397 

home pain management services on MS symptoms and health-related quality of life, 398 

an important aspect of formative care. 399 

 400 

Future work should develop ways to improve the delivery of formative care, assess 401 

its acceptability, and whether it could be delivered in complex situations.  Input from 402 

pwMS and their families is paramount in developing such pathways. Further work 403 

could build a quantitative tool to allow clinicians to assess the exact risk of 404 
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progressive dwindling for an individual patient with a specific combination of risk 405 

factors. Such a tool might be utilised to deliver formative care approaches to targeted 406 

patient populations, and to evaluate their impact on symptom relief, quality of life, 407 

place of death, cost of healthcare, and benefit to carers and family members. 408 

 409 

Conclusion 410 

In the general population, the majority of people experience several years of 411 

disability and frailty before death and 40% progressively dwindle.[2] The burden of 412 

chronic illness and disability at the end of life, intertwined with that of an ageing 413 

population, is exponentially increasing.[1] Causes of death and the utilisation of 414 

services reflect this, with over 20% of healthcare spending occurring during the last 415 

year of life.[32] End of life care has been failing a large number of patients because 416 

of uncoordinated services, lack of communication and lack of identification of people 417 

who are dying.[3] Formative care, when not properly designated as such can be 418 

disjointed and inadequate from the patient and family’s perspective and 419 

unnecessarily expensive from a service provider’s angle.[1] This study concludes 420 

that these failings might impact particularly upon pwMS, as 73.7% of pwMS followed 421 

the progressively dwindling trajectory to death. We have shown that progressive 422 

dwindling is even more common in MS, especially in those patients reaching disease 423 

milestones earlier. A marker of these failings lies in the finding that pwMS who 424 

progressively dwindle are no less likely to die in hospital than those with other 425 

trajectories to death. Ideally, those who progressively dwindle should have lower 426 

rates of hospital deaths, as a result of well-timed discussions, adequate planning and 427 

well-coordinated formative and palliative care services. This study aimed to identify 428 
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factors associated with progressive dwindling and found that early disease 429 

milestones such as age at onset, progression and wheelchair use can be used as 430 

potential predictors, These results highlight the fact that disease milestones can be 431 

used to predict progressive dwindling in specific patient groups, thus allowing timely 432 

discussions, a vital step towards providing formative care to those who need it. This 433 

study found that 72.5% of pwMS died an MS-related death, and this too was 434 

associated with an aggressive early disease course. The use of predictors of 435 

progressive dwindling, with a transfer to formative care pathways for years prior to 436 

death may improve quality of life for patients in the progressive stage of their disease 437 

and their caregivers, and may increase scope for smooth transition into palliative 438 

care in the home or hospice environment. We believe that better coordination of 439 

medical and social care is paramount in the years prior to death but subsequent to 440 

active treatment in pwMS and other populations.  The results from this study provide 441 

a framework on which to base subsequent caretreatment strategies, and to target 442 

those who might benefit most from formative care. 443 
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Dear Editor and Reviewers, 

 

We are very grateful for the reviewers’ comments regarding the manuscript 

“Progressive Dwindling in Multiple Sclerosis: An Opportunity to Improve 

Care”.  We believe that all reviewer comments have now been addressed, and 

the manuscript is much improved as a result.  Please find attached a 

revised manuscript with ‘tracked changes’, and a clean version of the 

revised manuscript. In addition, we have addressed each reviewer comment 

(written in red) in turn, below. 

 

Reviewer: 1 

 

Comments to the Author: This is a really interesting paper that attempts to 

examine progressive dwindling among those living with and dying from MS and 

to examine place of death for this patient group. Thank you for letting me 

review it.  

 

I see a number of important messages here but they need to be dissected to 

better effect. Often the message about how we can care for this group of 

patient and fulfil their wishes at the end of life is forgotten or omitted. 

This need to be teased out more from the introduction all the way through 

the conclusion which is rather bland and tells us little we did not know 

already. Nothing on research direction is future either. What more do we 

still need to know that is not answer by this study. I have made the 

following suggestions to improve this already interesting and important 

paper.  

 

We are very grateful to Reviewer 1 for taking the time to make constructive 

criticism on how this manuscript could be improved.  We agree with all 

comments, and think that the manuscript has benefitted greatly from changes 

made in response to Reviewer 1’s comments.  There is now more emphasis on 

what exactly formative care is, what progressive dwindling is, and how 

people with MS could benefit from formative care.  It is more clearly 

described how this manuscript contributes to what is already known.  Future 

research is now addressed.  More detailed responses to each comment are 

given below. 

 

1. Clear abstract in places, but more about albeit briefly what exactly 

progressive dwindling actually is. 

 

The opening sentence of the abstract has been improved to the following: 

“In the general ageing population, 40% of deaths occur following a 

prolonged trajectory of ‘progressive dwindling’, characterised by chronic 

accumulation of disability and frailty, and associated with increased 

dependency and reduced reserves”.  We agree that this makes the abstract 

more accessible to the general audience. 

 

2. Why place of death? Why is this a critical variable to examine? This may 

seem intuitive and common sense to some but it need to be highlighted that 

location of death is regarded by some as a marker of success in care in 

relation to achieving preferences at the end of life.  

 

Thank you for this comment.  We agree that location of death is regarded as 

a marker of success in end-of-life care – this has now been stated in the 

discussion. Additional references have been added, including Gomes et al 

2012, and others specific to MS.  The role of palliative care in MS (either 

at home or in hospices) has also been discussed more widely. 

 

Response to Reviewers



3. Conclusions section does not match objectives of study. In what ways 

can/should care improve, and why? 

 

Large parts of the conclusion have been rewritten, to more closely address 

the objectives of the study.  Failings in care are highlighted, and 

suggestions made for future research and opportunities to improve care.  We 

hope that the reviewer thinks the new conclusion is an improvement. 

 

4. Useful introduction. But please tell the reader how you or others define 

progressive dwindling (more than on page 5 for example).  Scott Murray’s 
paper in the BMJ helpfully explain that this patient group.. This 

progressive disability relates to those who are …from an already low 

baseline of cognitive or physical functioning. Such patients may lose 

weight and functional capacity and then succumb to minor physical events or 

daily social “hassles” that may in themselves seem trivial but, occurring 

in combination with declining reserves, can prove fatal Illness 

trajectories and palliative care (BMJ 330 2005)  I understand this group to 

be as follows:  They are likely to lose their ability to take care of 

themselves long before death. As a result, they ordinarily require 

intensive personal care throughout their period of dependency. This imposes 

substantial burdens on both paid and volunteer (usually family) caregivers. 

These patients usually experience a slow worsening of self-care, with 

occasional episodes of more serious infections or other illnesses. Some 

patients may get a substantial illness that takes their life abruptly, 

especially when all concerned have decided not to pursue aggressive 

treatment to prolong life. 

 

We agree that progressive dwindling was not adequately defined, especially 

for the general reader.  We have now added the following: “Those who 

progressively dwindle experience a slow and steady accumulation of 

disability, resulting in frailty, and associated with increased dependency 

and reduced physiologic reserve. This period extends for many years before 

death, during which time there is an increasing burden of care, often taken 

on by the family, and punctuated by superimposed illness. As the ever-

reducing physiologic reserve resets the baseline, there is reduced capacity 

to cope with said periods of superimposed illness, such as pneumonia, and 

ultimately these present the terminal event.”  Thank you for the comment. 

  

5. More on location of death. We now know from multiple studies for example 

what preferences are but this needs to be beefed up a bit. Refer to among 

others. Gomes et al  Preferences for place of death if faced with advanced 

cancer: a population survey in England, Flanders, Germany, Italy, the 

Netherlands, Portugal and Spain Ann Oncol. 2012 Aug;23(8):2006-15. Epub 

2012 Feb 16. 

 

As above, more has now been written about location of death, dying at home, 

and the need for palliative care services in MS. Gomes et al have been 

cited, as have other studies. 

 

6. Think carefully how aims (an study objectives are laid out as they are 

quite diffuse at the moment. Better as follow I think … This study aimed to  

(i) to examine frequency of progressive dwindling among an MS population; 

(ii) to  identify factors associated with of progressive dwindling; (iii)  
to examine the specific cause of death among this patient group (iv) to 

identify place of death in  those with different trajectories to death. 
 



Thank you.  We agree that this paragraph is an improvement on our original, 

and states the study aims more clearly.  We have copied the style of the 

reviewer’s paragraph (with only minor changes) – we hope that is ok. 

 

7. This need to be moved somewhere else …it is not an aim. This study finds 

rates of progressive dwindling in PwMS far greater than in the general 

population.  Progressive dwindling can be predicted in PwMS by early 

markers of aggressive   disease, and is not associated with a different 

place of death.   
 

We agree.  We have deleted this from the introduction and have not inserted 

it elsewhere since it is already described in the results and discussion. 

 

8. Material and methods.  More on setting. Tell us more about the MS Tissue 

Bank and why this was a reasonable repository of data to examine. How many 

individuals are included within this bank? How complete is 

it/representative is it, of the MS population. Time frame for study is 

essential . 

 

We have improved the methodology to describe more precisely the UKMSTB. The 

time frame has been added: “all those people with MS that died between 

January 1998 and February 2015 inclusive (n=606)”.  Of these 606, 9 were 

excluded because MS was not confirmed on post-mortem tissue diagnosis, and 

15 were excluded due to insufficient data on cause of death, leaving the 

cohort of n=582.  The strengths of the UKMSTB are now described in the 

discussion: “The UKMSTB is a community based scheme where people with MS 

register during their lifetime for tissue and clinical data to be collected 

when they die. Donors are representative of MS patients nationwide as a 

result of a national community-based recruitment strategy, with accurate 

representation of clinical milestones and MS sub-types confirmed by 

comparison with other study populations. One advantage of this large cohort 

of 582 pwMS is that extensive clinical summaries are available for each 

donor, to allow accurate categorisation of disease milestones, 

trajectories, and cause of death.  In addition, it was possible to include 

cases regardless of whether MS was mentioned on the death certificate, in 

contrast to previous studies on mortality in MS. Indeed, in our cohort, MS 

was not mentioned on the death certificate in 35.9% of cases, many of which 

we adjudged to have died an MS-related death after inspection of clinical 

records. Furthermore, by manually categorising UCD in each patient, we 

mitigated the effect of heterogeneous death certification technique and 

coding rule changes which can lead to inconsistent reporting of UCD within 

other studies.” 

 

9. More information on how well clinical notes were triangulated with death 

registration data. Was this done for all deaths or just a selected number. 

What changes if any were made after consulting clinical notes as there are 

known vagaries with death certificates 

 

Thank you for the comment.  Clinical notes were reviewed in all patients, 

and this has now been stated in the methodology.  We now state: “Clinical 

notes were used to define the date of symptom onset, progressive disease 

(defined as a period of at least one year with gradual disability worsening 

without relapses), wheelchair use, and death, for all patients.”   

 

We also now explain “Death certificate entries were used to categorise 

underlying cause of death (UCD), and confirmed using patient notes and 



clinical summaries when the death certificate was unclear. For example, if 

the death certificate stated ‘infection’ or ‘respiratory failure’, clinical 

notes were used to identify a more specific UCD e.g. pneumonia. If multiple 

causes were listed on the death certificate, clinical notes were used to 

discern the primary cause of death.”  Various scenarios are discussed in 

the methodology, to explain how cause of death was coded if there were 

discrepancies between the death certificate and clinical notes. 

 

 

10. Not necessary to include ... Requests for data can be made to the UK 

MS Tissue Bank via Dr Richard Nicholas (r.nicholas@imperial.ac.uk).   
 

This has now been removed.   

 

11. Statistical analysis is adequate but please be much  much clearer in 

what ways the analysis follows or addresses the study aims/objectives. X 

was done in order to examine…. Y and so on. 

 

We believe that this section has been improved, it now states: Cox 

proportional hazards regression was performed to compare survival from 

disease milestones between different groups e.g. those with MS-related 

deaths vs. those with non-MS-related deaths, those who progressively 

dwindled vs. those with other disease trajectories. Disease milestones were 

compared between all four disease trajectory groups using one way between 

subject ANOVA, with Tukey HSD used post hoc for significant ANOVA analyses. 

Student’s t-test was used to compare demographics in males and females.  

Parametric tests were performed after testing for normality. Chi-squared 

test was used to compare location of death in those with different 

trajectories to death, and those with and without MS-related deaths. Yates’ 

chi-squared test was used to avoid overestimation of statistical 

significance. Where chi-squared revealed significance in contingency tables 

greater than 2x2, further post hoc 2x2 chi-squared tests were carried out 

to identify the significant values, with criteria for statistical 

significance adjusted according to the number of post hoc tests carried 

out.  

 

12. Table 1 useful but please include timeframe. 

 

The timeframe (Jan 1998 to Feb 2015) has been added - thanks. 

 

13. Page 9-10. How exactly was progression calculated? This is really 

important and omitted Did the authors make use of the multiple sclerosis 

severity score (MSSS) or the progression index (PI). This is not clear from 

the information provided.  

 

Progression was defined as “a period of at least one year with gradual 

disability worsening without relapses” – this has been added to the 

methodology.  The date of progression was extracted from clinical notes in 

all cases by the senior author of this manuscript – a neurology consultant 

who specialises in MS.  MSSS and PI were not used in this study.   

 

 

14. Title for section that commences page 13 needs to be changed to 

location of death. Give proportion of death that have known location of 

death please. What exactly is community? This is a very diffuse term and 

needs to be clarified. Percentages would be useful rather than just the 

n’s. 



 

The title of the section has been changed.  Location of death was known in 

86.4% of subjects – this has been added.   Community is defined as “Own 

residence, care home and hospice deaths” – this was already stated in the 

methodology, but has now been added to Table 3.  Percentages have also been 

added to the tables. 

 

15. Page 14: Of course we have no idea where these patients wanted to 

die. This must be discussed later on. 

 

This is an important point, and has now been mentioned in the discussion. 

 

16. Please change opening to discussion. Good to hear it is the first 

study but bolster it up by telling us why this is important too. 

 

The opening paragraph of the discussion has been rewritten, and now 

summarises the main study results, and why these are important.  We hope 

you consider it an improvement. 

 

17. Back to completeness of the UKMSTB. Please remind us hjow many people 

with MS are included and this may be a big strength of your study. 

 

The completeness of data in the UKMSTB is one of the major strengths of 

this study.  We have improved the discussion of this: ““The UKMSTB is a 

community based scheme where people with MS register during their lifetime 

for tissue and clinical data to be collected when they die. Donors are 

representative of MS patients nationwide as a result of a national 

community-based recruitment strategy, with accurate representation of 

clinical milestones and MS sub-types confirmed by comparison with other 

study populations. One advantage of this large cohort of 582 pwMS is that 

extensive clinical summaries are available for each donor, to allow 

accurate categorisation of disease milestones, trajectories, and cause of 

death.  In addition, it was possible to include cases regardless of whether 

MS was mentioned on the death certificate, in contrast to previous studies 

on mortality in MS. Indeed, in our cohort, MS was not mentioned on the 

death certificate in 35.9% of cases, many of which we adjudged to have died 

an MS-related death after inspection of clinical records. Furthermore, by 

manually categorising UCD in each patient, we mitigated the effect of 

heterogeneous death certification technique and coding rule changes which 

can lead to inconsistent reporting of UCD within other studies.”” 

 

18. Would be very useful to refer to Murtagh et al  How many people need 

palliative care? A study developing and comparing methods for population-

based estimates  Palliat Med. 2014 Jan;28(1):49-58. doi: 

10.1177/0269216313489367. Epub 2013 May 21 to strengthen you discussion.  

 

The above studies have now been discussed and referenced – we agree this 

strengthens the discussion. 

 

19. Study limitations please. Please examine them in relation to the 

inferences we can take away from the data you provide. 

 

An additional paragraph has been added about study limitations: “The most 

important limitation of this study was that data were retrospectively 

collated from clinical records and notes. The required data was not 

apparent on occasion, for example the ‘date of wheelchair use’ may not have 

been documented, while on other occasions coding of data required 



interpretation by the assessor. However, care was taken to formulate 

standardised rules for coding, and the availability of clinical notes 

improved reliability of data over death certificates. Overall, manual 

determination of these factors was considered to be a strength of this 

study as it allowed a more thorough analysis of each case, using the 

clinical summary where necessary. Another possible limitation is that cases 

were included whose deaths occurred between 1998 and 2015. Standards of 

care may have changed over this period, although the results reported in 

this study appeared consistent over time.“   

 

20. Conclusion takes quite a while to get to the message central to this 

paper i.e. people with MS. Commence with. We have shown that progressive 

dwindling is even more common in MS. Also no absolutely no mention of place 

of care or death here. If this is a central message of the paper it needs 

to be focused on here too. How can formative care lead to achieving 

preferences for location of care, death and more patient and family centred 

care. Family never mentioned. Why not? 

 

The conclusion has been largely rewritten to better reflect the findings of 

the study, and to summarise the central message. We have now mentioned the 

family and carers at several points in the introduction, discussion, and 

conclusion – thank you for pointing out this omission.  We hope that the 

reviewer thinks the new conclusion is an improvement. 

 

 

Reviewer:  2 

Comments to the Authors: 

Thank you for asking me to review this very interesting manuscript on 

progressive dwindling in MS.  Overall I think this is an excellent piece of 

paper and of relevance to those working in the field of MS. The method is 

clearly presented and the results and implications are well described. 

 

Thank you for these comments. 

 

Minor comments: 

1. There is a research group in the UK testing efficacy of Palliative Care 

(PC) services for people with MS or any neurological condition. See 

publications from Irene Higginson et al. on their fast-track palliative 

care trial. In Germany, there is a research group analysing (palliative 

care) needs of MS patients and when and how to integrate PC into the 

disease trajectories (see for instance Golla et al, Strupp et al. Galushko 

et al). It would be good to cite some of their work, perhaps insert 

information in the discussion section where you already mention the Italian 

research group. Since you mention that formative care is also inclusion of 

PC, citing more literature in the discussion could add value to your work. 

 

The above studies have now been discussed and referenced – we agree this 

strengthens the discussion – thank you. 

 

2. Table 1: Pneumonia, bronchopneumonia 218 (37.4), in the text it says 37.5 

%. Please correct accordingly.   All in all a very fine piece of work! 

 

 

This has now been amended to 37.5% - thank you for noticing this error. 

 

 

 



 

 

 

We thank the editor and the reviewers again for their time, and for 

considering this manuscript. 

 

 


