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Abstract

Amyotrophic Lateral Sclerosis (ALS) is the  m os t  com m on motor  neuron d isease  

in adults. The striking heterogeneity  th a t  charac te r izes  ALS as  disorder  is one of 

the  m ajor  chal lenges  of research into ALS epidemiology, pa thogenes is  or 

therapeut ics .

The overall aim of this thesis  was  to invest igate  th e  utility of cognitive and 

behavioural  s ta tu s  a s  phenotypic m arkers  for d isease  he terogene i ty  within the  

ALS population.

This project  exploits a popula tion-based, case-control ,  design with 

complimenta ry  cross-sect ional  and longitudinal a spec ts .  The study relied on 

home-vis its  for da ta  collection, which included detailed neuropsychological  

a s s e s s m e n ts .  Neuropsychological pe rform ance  of ALS patients  was  compared  to 

a large cohort  of age ,  sex and education m atched  healthy controls.

Overall th e  findings p re sen ted  in this thesi s  su g g es t  t h a t  cognitive and 

behavioural  changes  in ALS are  not only likely to be more  h e te rogeneous  than  

previously recognised,  but are  also likely to re p re se n t  valuable phenotypic 

m arkers  for distinct d isease  sub types  within ALS. The key findings of this thesis 

a re  predicted to have  significant practical implications for pa tient care and 

prognostication,  and  fu ture  ALS research.
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1.1 Introduction and Terminology

Amyotrophic Lateral Sclerosis (ALS), a s  used in this thesis,  refers to a 

n eurodegenera t ive  condition affecting both th e  upper  and  lower nnotor 

neurons  (Rosenfeld and  Swash, 2006, van den Berg-Vos e t  al., 2003).  

Alternative nomencla tu re ,  particularly in Europe,  is "m oto r  neurone  

disease"  or MND. However,  som e  authorit ies use  the  te rm  MND to refer 

to the  wider spec t rum  of motor  neuron d iseases  which include ALS (the  

m os t  com m on form) as  well as  conditions in which the  

neurodegenera t ive  process  is confined e ither  th e  lower motor  neurons  

(progress ive muscular  a trophy or PMA) or upper  motor  neurons  (Primary 

lateral sclerosis or  PLS)(Rosenfeld and  Swash, 2006).

The te rm  ALS was preferentially used  in this thes is  as  this s tudy project  is 

focused on patients  who fulfil the  diagnostic criteria for ALS (Brooks e t  al., 

2000),  which require a combination of both upper  and lower motor  neuron  

signs.

Other t e rm s  for ALS in t h e  li terature include Lou Gehrig's d isease  af te r  a 

famous  baseball player in the  1930s who developed ALS, and ultimately 

died from its complications.
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1.2 Why Amyotrophic Lateral Sclerosis?

1.2.1 An Aging World Population

Inc reased  longevity and lower fertility ra tes  are translat ing into an 

unpreceden ted  shift in the  world demographics  character ized by a rapid 

increase in the  median age  of the  world's population (United Nations World 

Population Prospec ts ,2). According to United Nations projections,  by the  

year  2050,  16 .4%  of the  world population (and 2 7 .6%  of the  European 

population) will be above  65 years  of age .  Up to 10% of the  population in 

several  European countries (Italy, Spain, Switzerland, Greece ,  Austria, 

Germany,  Netherlands,  Sweden and Belgium) is expec ted  to be 80 years  

or older (Diczfalusy, 2001).  In the  Republic of Ireland the  nu m b er  of 

individuals aged  65 or more  is projected to increase  by more than  70%, 

from an absolu te  nu m b er  of less than  190, 000 in 2002 to more than  300, 

000 in 2021 (O’Connel P 2004).

Increas ing age  is the  single m os t  impor tant  risk factor for developing ALS 

(McGuire e t  al., 1996; Chio et  al., 2009b; Traynor e t  al.; 1999, 

Jokelainen, 1976).  As the  aging population of the  world grows, th e  social, 

economic,  and health related chal lenges  associa ted  with caring for 

individuals with age- re la ted  conditions,  such as ALS, is expec ted  to 

increase substantially.  Thus,  the re  is a. evident need for more  extensive 

re search  aimed to increase  our  unders tanding  of ALS in order  to achieve 

more  effective interventions.
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1.2.2 Unusual Epidemiology & Unknown Aetiology

ALS is th e  most common adu l t -onse t  d isease  of the  m oto r  neurons  (van 

den Berg-Vos e t  al., 2003).  The popula tion-based  s tandard ized annual  

incidence ra te  of ALS in the  Republic of Ireland is 2 .6 -2 .8  per 100,000 

pe rson-yea rs  (9 5 %  Cl, 2.4 to 3.0) for t h e  population older than  15 years ,  

and 6.0 per 100, 000 (95%  Cl 5 .1 -6 .9 )  for the  population aged 45-75  

years  (Traynor e t  al., 1999; O'Toole e t  al., 2008) .  The reported 

preva lence ra te  for the  population older than  15 years  was  6.2 per 

100 ,000 (9 5 %  Cl, 5.3 to 7.1) with higher ra tes  in older population 

reaching a peak of 35 per 1000, 000 males  aged  50-84  years  (O'Toole e t  

al., 2008; Traynor e t  al., 1999).

The epidemiology of ALS displays severa l  interesting fea tures.  The 

incidence ra tes  of the  ALS worldwide fail to display significant 

geographical  variations,  with reported ra te s  ranging mostly 1.5 - 2.5 per 

100, 000 of the  population (Logroscino e t  al., 2008; Logroscino e t  al., 

2010; Traynor e t  al., 1999; Rojas-Garcia e t  al., 2012; Huisman e t  al., 

2011; Chio et  al., 2009b; Vazquez e t  al.,  2008; O'Toole e t  al., 2008; De 

Domenico e t  al., 1988; Murros and Fogelholm, 1983).  Notable exceptions  

include a few unexplained foci in Finland, England, Wales, United S ta te s  

of America (USA) and the  northern  w e s t  regions of Republic of Ireland 

(Jokelainen, 1976; Buckley e t  al., 1983; Traynor e t  al., 1999; Bharucha 

e t  al., 1983; Turabelidze e t  al., 2008) .
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There are also reports of high incidence of an atypical aggressive form of 

ALS associated with dementia and parkinsonism in the West Pacific among 

the Chamorro people of Guam, the Kii Peninsula of Japan, and the Auyu 

and Jakai tribes of Western New Guinea (Reed and Brody, 1975; Brody et 

al., 1975). Although some reports suggest rates in these regions are 

falling due to environmental and dietary changes, there is recent evidence 

suggesting that the Guam ALS-Parkinsonism dementia may be primarily a 

genetic disease (Kaji et al., 2012; Reed and Brody, 1975; Brody, 1975, 

Kuzuhara et al., 2001; Steele and McGeer, 2008) In addition, pathological 

evidence suggests that the Guam complex may be a distinct disease to 

the more common forms of ALS seen in the rest of world (Mimura et al., 

2000 ).

Some studies suggested that non- Caucasian and mixed race populations 

may have a lower incidence of ALS compared to Caucasians as well as 

possibly younger age of onset and different survival profiles (Zaldivar et 

al., 2009; Cronin et al., 2007; Abdulla et al., 1997; Lee,et al., 1995; 

Fong et al., 1996; Radhakrishnan et al., 1986) However, other studies 

failed to confirm these findings (Rojas-Garcia et al., 2012; Annegers et 

al., 1991). A recent review concluded that it is difficult to confirm these 

observations in the face of the paucity of population-based studies outside 

Europe and North America (Marin et al., 2012).

Although the incidence of ALS increases with age, a peak is reached 

around 75-80  years of age after which there is a rapid and unexplained, 

drop in incidence (Chancellor et al., 1992; McGuire et al., 1996; Huisman 

et al., 2011; Traynor et al., 1999; Logroscino et al., 2010; Logroscino
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2005; Alcaz et al., 1996). This may be due to poor ascertainment in the 

elderly population. Alternatively, the risk of developing ALS may indeed 

fall after age 80 because people reaching that age are either genetically 

unsusceptible to the causative agent, or alternatively the exposure 

occurred after a critical age (Logroscino et al., 2008).

The cause of ALS remains unknown. The number pathogenic mechanisms 

proposed for ALS over the years is striking, but unfortunately no robust 

evidence exist for any one environmental risk factor or patho-mechanism. 

Some, but not other, epidemiological studies suggested a link with 

excessive physical activity, traum a, and exposure to pesticides or heavy 

metals (Bharucha et al., 1983; Al-Chalabi and Leigh, 2005; Chio et a!., 

2005; Piazza et al., 2004; Fang et al., 2010; Johnson and Atchison, 2009; 

Morahan et al., 2007).

Recent large scale population-based studies have suggested that low level 

of education, excess leisure tim e physical activity, smoking, and 

occupational exposure to environmental toxins may indeed be associated 

with an increased risk of developing ALS, while alcohol intake and 

consumption of anti-oxidant diet may exert a somewhat poorly 

understood protective effect (Sutedja et a!., 2007; Veldink et al., 2005; 

Nelson et al., 2000a; Nelson et al., 2000b).
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1.2.3 Inadequate Diagnostic Criteria

There  is no validated single diagnostic t e s t  or b iomarker  th a t  can confirm 

or exclude th e  diagnosis of ALS. The diagnosis of ALS remains  a clinical 

one d e p e n d e n t  on the  progressive  na ture  of the  illness, s imul taneous  

u pper  and lower moto r  neuron involvement,  the  ab sence  of s ensory  signs,  

and  th e  exclusion of a lternat ive  aetiology for the  pa tient ' s  sym ptom s.

For purposes  of research the  diagnosis of ALS is d e p en d e n t  on the  revised 

El Escorial criteria (Brooks e t  al., 2000).  These  criteria (appendix  1) 

categorize  pa tients  into four groups  with variable levels of diagnostic 

cer ta inty  ranging from ("suspec ted"  "possible" "probable"  and "definite") 

depending  on the  p resence  or a b sen ce  of upper  and  lower moto r  neuron 

involvement in four specified body regions (cranial,  cervical, thoracic,  and 

lumbosacral) .  These  criteria have  been repeatedly  criticised for being 

excessively s tr ingent ,  with many  pa tients  succumbing to the  d isease  

without fulfilling the  criteria for "probable"  ALS, often an essential  

requ i rem en t  for inclusion into clinical trials (Traynor e t  al., 2000).

A more  recen t  a m e n d m e n t  to  t h e se  diagnostic criteria includes the  

incorporation of neurophysiological  findings on needle  e lec t romyography 

(EMG). There  is som e  evidence sugges ting th a t  th e se  new 

recom m enda t ions ,  nam ed  the  Awaji-Shima recom m enda t ions ,  (Appendix 

2) increase  the  sensitivity of the  El Escorial criteria (Carvalho and  Swash, 

2009; Boekestein e t  al., 2010).
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However,  a recen t  s tudy reported a th a t  applying the  Awaji-Shima 

algorithm resulted in decreased  diagnostic sensitivity in a subgroup  of 

ALS patients  (Higashihara e t  al., 2012).  In addition, a published review of 

the  l i terature has  called into question th e  underlying theoretical  basis for 

the  Awaji-Shima a m e n d m e n t s  as  well a s  the  methodology and clinical 

re levance of th e  few studies  supporting th e  use  of the  a m e n d m e n ts  

(Benata r  and Tandan, 2011).  Further im provem ent  of t h e se  criteria is 

clearly required,  which many  exper ts  a rgue  should include incorporate 

ex t ra -m o to r  involvement,  particularly cognitive and  behavioural  changes .

1.2.4 Lack of Effective Therapeutic Options

Symptomatic  t r e a tm e n t  remains  the  mains tay  of managing ALS patients.  

To da te ,  no therapeut ic  a g en t  has  been  shown to cure  or dramatically 

slow ra te  of progression the  d isease  in ALS. The only licensed medication 

is Riluzole, a g lu tam ate  an tagonis t  with m o d es t  effects, translat ing to a 

median increase  in survival of two to th re e  m on ths  (Miller e t  al., 2012).

Over the  last few d ecad es  more  than  70 failed randomised  clinical trials 

have  been  conducted in ALS patients .  This has  led exper ts  to a rgue  for a 

re -evaluat ion of currently accepted  s tudy methodologies.  I s sues  identified 

as  possible culprits include the  validity of th e  roden t  model used to 

conduct  the  preclinical studies,  lack of dose  escalation regimes,  small 

sample  sizes,  he terogene i ty  of pa tient samples ,  and the  absence  of 

effective d isease  biomarkers  (Beghi e t  al., 2011; Gordon and Meininger, 

2011 ).
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Focused research aimed a t  be t te r  unders tanding of the  implications of 

d isease  heterogene i ty  and exploration of clinical b iomarkers  is an 

important s tep  in facilitating future research  into ALS therapeutics .

1.2.5 Poor Prognostic Models

In the  absence  of a cure, ALS is an invariably fatal illness usually within 

th ree  to five years.  The most common cause  of death  is respira tory failure 

due to involvement of the  respiratory muscles.  However,  the  ra te  of 

progression is highly variable am ong  patients,  with no universally 

accepted  model to help clinicians predict  prognosis in individual patients.

Although the re  is som e  evidence supporting a slower ra te  of progression 

in pat ients  with sp inal -onse t  d isease  com pared  to bulbar-onse t  pa tients ,  

site of onse t  by no m ean s  predicts prognosis (Chio e t  al., 2009a;  

Haverkamp e t  al., 1995; Jablecki et  al., 1989; Lee et  al., 1995).  Published 

prognostic models  reported  conflicting data  regarding the  reliability 

proposed prognostic factors such age,  El Escorial diagnostic category ,  

delay to diagnosis and  d isease  severity (Chio e t  al., 2009a ;  Czaplinski e t  

al., 2006; Scotton e t  al., 2012; Chio e t  al., 2002; del Aguila e t  al., 2003; 

Eisen et  al., 1993; Turner e t  al., 2002; Testa  e t  al., 2004; Traynor et  al., 

2003b).  Environmental factors such as  smoking, socio-economic s ta tus ,  

and multidisciplinary care  have  also been reported to affect prognosis in 

ALS (Traynor e t  al., 2003a;  Sutedja  e t  al., 2007).
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Recently,  a prognostic staging sys tem  was proposed,  but this has  not 

been validated (Roche e t  al., 2012) .  A reliable prognostic model for ALS 

of is urgently needed ,  particularly one  th a t  includes validated predictors of 

ra te  of progression ,  as  t h e se  are  likely to be more  appropria te  

stratification factors  in clinical trials com pared  to more  traditional 

phenotypic variations a t  baseline,  such as  site of onset .

1.3 The Need for N ew  Perspectives

As outlined above  ALS is age- re la ted  fatal neurodegenera t ive  condition for 

which no known cause  is known and no effective cure or prognostic model 

exist. These  difficulties point tow ards  the  need  for "looking a t  an old 

problem with new eyes".  Several  recen t  scientific b reak throughs  in the  

field of ALS su g g es t  th a t  the  problem may be deceptive simplicity inherent  

in our unders tand ing  of the  diagnosis of "ALS". These  recent 

break th roughs  su g g es t  t h a t  ALS as  a clinical and  pathological enti ty may 

be more  complex than  previously recognised,  and th a t  this complexity 

may need  to be acknowledged in when designing ALS studies.

1.3.1 Familial Versus Sporadic ALS and the Role of 

Genetics

Traditional teaching emphas ized  th e  genetic aetiology of ALS only in 

patients  in whom th e re  is a positive family history for ALS. These  patients  

were  categorised as  having Familial Amyotrophic Lateral Sclerosis (FALS),
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which is thought to comprise approximately 5 -10%  of ALS cases (Byrne et 

a l.,2 0 1 1 ). However, a recently published survey suggested that the exact 

rate of FALS is almost impossible to ascertain because of the lack of 

agreem ent among experts on the definition of FALS with different 

definitions being used in different studies (Byrne et al., 2012).

Linkage studies in FALS kindreds have resulted in the identification of 

many pathogenic genetic mutations including superoxide dismutase 

(S O D l) mutation described twenty years ago, which still is the basis of 

most animal models of the disease. Since then multiple genetic mutations 

have been linked to FALS patients including TAR-DNA-binding protein 

(TARDBP) gene mutations. Fused in sarcoma (FUS) gene mutations, 

Optineuhn (OPTN) gene mutations, Ubiqulin 2 (UBQLN2) gene mutations, 

Angiogenin (ANG) gene mutations, and the recently described C 90rf72  

hexanucleotide repeat expansion in chromosome 9 (Andersen and Al- 

Chalabi, 2011; Renton et al., 2011; DeJesus-Hernandez et al., 2011).

However, the most dramatic change in perspective in the field of ALS 

genetics pertains to the accumulating body of evidence suggesting a 

genetic contribution in "sporadic" ALS, the 90%  of ALS patients in whom  

no family history of ALS is apparent (Al-Chalabi et al., 2010; van 

Blitterswijk et al., 2012; Wingo et al., 2011). The relatives of patients with 

apparently "sporadic" ALS may have increased risk of developing ALS, and 

that the genetic contribution to "sporadic" ALS may be as high as 0.61  

(9 5 %  confidence interval of 0 .38 to 0 .78 ) (Al-Chalabi et al., 2010; Hanby 

et al., 2011).
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An emerging  concept is th a t  of a " spec t rum "  com posed  of genet ic  ve rsus  

environmenta l  interactions.  At one of this proposed  spec trum are  highly 

pathogenic  rare  genet ic  muta t ions  which a re  associa ted  with high 

pene t rance ,  and thus  a s trong family history. At the  o ther  end of the  

spec t rum are  inherited com m on g ene  variants  t h a t  (particularly in 

combination) increase d isease  susceptibility to  certain environmenta l  

toxins, producing apparently  "sporadic  cases"  (Morahan e t  al., 2007) .  

Thus,  th e  t e rm  "isolated" may be m ore  appropr ia te  when describing ALS 

patients  with no family history of ALS.

This new concept,  supported by evidence from animal models,  su g g es t  

t h a t  com m on g ene  variants  may influence phenotypic  varia tions  such as  

ra te  of progression or site of onset ,  contributing to d isease  he te rogene i ty  

(Naruse e t  al., 2012; Andersen and Al-Chalabi, 2011; Al-Chalabi e t  a!., 

2010 ) .

1.3.2 Multisystem Involvement & Disease Heterogeneity

Traditionally ALS was viewed as  a condition in which the  

neurodegenera t ive  process  selectively ta rge ted  the  m oto r  neurons .  In line 

with this traditional view, patients  were  categorised based  on th e  body 

region w here  th e  d isease  s ta r t  into (1) sp inal -onse t  ALS where  

sy m p to m s  s ta r t  in the  limbs presenting  usually a s  gait  difficulties (such as  

foot drop or "dragging" of a leg), or impaired power or function in the  

upper  limbs (e.g.  difficulty opening ja r s  or closing but tons) ;  (2) bulbar- 

o nse t  ALS where  sym ptom s  s ta r t  in bulbar muscles  leading to  speech
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a n d / o r  swal lowing difficulties, of ten  a c c o m p a n i e d  by drooling 

( s ia lo r rh o e a ) ;  a n d  (3) rarely t h e  d i so rde r s  s e e m s  to  s t a r t  in t h e  

re sp i ra to ry  m u sc le s  ( r e s p i r a t o r y -o n s e t  ALS) resul t ing in b rea th ing  

difficulties a t  an early  s t a g e .  O th e r  c o m m o n ly  r e p o r te d  s y m p t o m s  In ALS 

include m u s c le  c r a m p s ,  w e igh t  loss, em ot iona l  lability, a n d  fat igue .

It  is now a c c e p te d  t h a t  e x t r a - m o t o r  in v o lv em en t  is un iversal  in all m o to r  

n eu ron  d i s e a s e s  (Rosenfeld  a n d  S w a sh ,  2 0 0 6 ) .  T h e  m u l t i s y s tem  n a t u r e  of 

ALS is m o s t  e v id en t  its cogni t ive a n d  behav ioura l  complica t ions .  Although 

desc r ip t ions  of cognit ive  im p a i rm e n t  in ALS d a t e  back  to  t h e  e i g h te e n th  

cen tu ry  (Von Braunm uhl ,  1932 ;  Marie, 1892 ,  B ogaer t ,  1925) ,  t h e  wide 

r a n g e  of  cognit ive and  behav ioura l  deficits  t h a t  can  occur  in ALS pa t ien ts  

h a s  only b e e n  fully recogn i sed  in t h e  last  two d e c a d e s .  However,  m a n y  

pivotal q u e s t i o n s  rem ain  u n a n s w e r e d  r ega rd ing  t h e s e  c h a n g e s ,  including 

th e  t r u e  f r e q u e n c y  of  cogn i t ive /behav ioura l  com pl ica t ions  in t h e  ALS 

popula t ion a n d  the i r  clinical, p rognos t ic  a n d  biological implicat ions.

The acc u m u la t in g  r ep o r t s  of cogni t ive a n d  behav ioura l  abno rm a l i t i e s  in a 

var iab le  p ropor t ion  of ALS pa t i e n t s  a d d e d  an  ex t ra  d im ens ion  to  t h e  

str iking h e t e r o g e n e i t y  of  pheno typ ic  d i s e a s e  e x p re s s io n  in ALS. The  m o to r  

p r e s e n ta t io n  of  ALS displays  h e t e r o g e n e i t y  in si te  of  o n s e t ,  relat ive  

in vo lvem en t  of u p p e r  a n d  lower m o t o r  n e u ro n s ,  a s  well a s  r a t e  of  d i s e a s e  

p rogress ion .
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While it h a s  b e e n  s u g g e s t e d  t h a t  u n de r - r ecogn i t ion  of  th is  h e t e ro g e n e i t y  

in clinical t rials  m a y  h a v e  con t r ibu ted  to  a fai lure to  d e t e c t  t h e r a p e u t i c  

benef i t  in p a t i e n t  s u b g r o u p s  (Beghi e t  al.,  2 0 0 7 ;  Beghi e t  al.,  20 1 1 ;  

G ordon and  Meininger,  2 0 1 1 ) ,  t h e  fac to rs  t h a t  n e e d  to  be  t a k e n  into 

a c c o u n t  for effec t ive p a t i e n t  s tra t i f icat ion  a r e  y e t  to  be  e s tab l i sh ed .  More 

de ta i led  r e s e a r c h  into p heno typ ic  h e t e ro g e n e i t y  in ALS a n d  its clinical 

implica t ions  is n e e d e d  to  a n s w e r  th is  ques t ion .

1.3.3 The Discovery of TDP43

The  pa tho logy  in ALS is d o m i n a t e d  by n e u r o d e g e n e r a t i o n  of  t h e  u p p e r  and  

lower  m o to r  n e u ro n s .  Severa l  inclusion bod ies  h a v e  b e e n  d esc r ibe d  in ALS 

including hyal ine  inclusions,  Bunina bod ies  (small  g r a n u la r  inclusions)  in 

t h e  spinal cord  (Hirano 1996)  a n d  as t rocy tos i s .  A m o re  specif ic f e a tu r e  is 

t h e  p r e s e n c e  of  skein-l ike in t ra -neu rona l  u b iqu i t in - im m unorea c t ive  

inclusion bod ies  (UirBs) in t h e  lower  m o to r  n e u r o n e s  (Leigh e t  al. 1991) ,  

found in bo th  sporad ic  and  familial ALS, a n d  to a l e s se r  e x t e n t ,  PMA. (Ince  

e t  al. 1 998 )  Unbiquit in inc lusions a r e  also a f e a t u r e  of f ro n to tem p o ra l  

lobar  d e m e n t i a  with ubiquit in pa tho logy  (FTLD-U).

Until recently ,  ubiquit in im m u n o h is to c h e m is t ry  w as  t h e  only m e th o d  to  

d e t e c t  t h e  ab n o rm a l  prote in inclusions in sporad ic  ALS a n d  FTLD-U as  

t h e s e  inclusions w e re  ne g a t iv e  on  s ta in ing with t a u  a n d  a l p h a - sy n u c le in .  

In a m a jo r  b re a k th ro u g h  t r a n s -a c t iv a t in g  re sp o n s iv e  DNA-binding protein 

43  (TDP-43)  w as  identif ied a s  a main  c o n s t i tu e n t  of  t h e s e  inclusions 

(N e u m a n n  e t  al.,  2006) .
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This discovery confirmed that the link between ALS and frontotemporal 

lobar degeneration (FTLD) extended beyond clinical and genetic overlap 

to underlying pathology. This led to the emergence of a new a "family" of 

neurodegenerative conditions termed "TDP43 proteinopathies" that 

encompassed both conditions. This new finding supported an evolving, but 

unproven, hypothesis that ALS and FTLD may be part of a single biological 

continuum. Implicit in this hypothesis is the Idea that all ALS patients 

have a form of "subclinical" FTLD which progresses with tim e. This 

hypothesis has far reaching implications for research into the 

pathogenesis or therapeutics of either condition, and is thus discussed in 

more detail in chapter 2.

1.3.4 The D iscovery o f C 90rf72 Expanded Repeat 

M u ta tion

Near the end of completion of this body of work, a m ajor discovery was 

made in the field of ALS genetics as well as genetics of neurodegenerative 

diseases in general. This was the discovery of an expanded GGGGCC 

hexanucleotide expansion in an intronic region of chromosome 9 (term ed  

C9orf72 repeat expansion) in kindreds with ALS, FTLD or both (DeJesus- 

Hernandez et al., 2011; Renton et al., 2011). This is the first expanded 

repeat expansion mutation to be described in ALS.

Within less than a year, almost 50 studies were published describing the 

mutations in multiple populations in Europe, North America and Asia
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where  th e  mutation s e e m s  to account for a large, though variable,  

proportion of FALS cases  ranging from 2 5 -5 0 %  (Andersen,  2012; Bigio, 

2012; Boeve e t  al., 2012; Ches te r  e t  al., 2012; Chio e t  al., 2012; Cooper- 

Knock e t  al., 2012; Floris et  al., 2012).  Recent studies link th e  C9orf72 

mutation to PMA, PLS as well as  o ther  neurodegenera t ive  d iseases  

including Parkinson's disease,  cortico-basal  degenera tion  and olivo-ponto- 

cerebellar degenera t ion  (Xi e t  al., 2012; van Rheenen e t  al., 2012; 

Lindquist e t  al., 2012) .

Research is under  way to invest igate  the  underlying molecular 

consequences  of this mutation.  In addition to adding a new perspec tive  to 

an already changing view of underlying pa thom echan ism s  involved in ALS, 

the  reported  specific clinical, pathological and prognostic profile associa ted  

with the  mutation adds  an extra  dimension to the  emerging concept th a t  

sub types  with distinct clinical s ignatures  may exist within the  umbrella 

te rm  of ALS. This mutat ion and its implications for ALS research  are  

discussed in fu r ther  detail in chap te r  2.

1.4 The M issing Link

The above  discussion su m m ar ise s  som e  of the  accumulat ing evidence 

suggesting th a t  ALS may be more  complex tha t  previously recognised,  

particularly with regard to  its mul tisys tem involvement and  its 

he te rogeneous  nature .  It is conceivable t h a t  the  unifying diagnostic label 

of "ALS" may encom pass  different sub types  of moto r  neuron disease  

presen ta t ions  with different p a th o -m echan ism s  a n d /o r  modifying factors
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(genetic or environmenta l ) ,  varying prognosis,  and possibly variable 

response  to therapeu t ic  a g en ts  (Rosenfeld and Swash,  2006).  If so, then  

the  identification of distinct sub types  within th e  ALS spec trum with 

validated biomarkers  would be critical s tep  in facilitating future research 

into ALS.

This s tudy aims to invest igate  th e  utility of the  cognitive an d /o r  

behavioural s ta tu s  of ALS patients  early in their  d isease  as  phenotypic 

markers  for d isease  hete rogeneity .  A case-cont rol ,  popula tion-based,  

cross-sectional,  and longitudinal s tudy design was used to invest igate  (1) 

the cognitive a n d /o r  behavioural  s ta tu s  of ALS patients  and their  

associations,  if any, with distinct demographic ,  clinical, neuropsychological  

and /o r  prognostic  profiles, and (2) the  longitudinal evolution of cognitive 

versus  m oto r  function in ALS. An exploratory a sp ec t  of the  project  also 

examined the  exis tence  of prognostic subgroups  within the  ALS population 

and the  contribution of abnormal social cognitive function to d isease  

hete rogeneity  in ALS.

1.5 Thesis Outline

The nex t  two chap te rs  detail the  theoretical  background to thesis.  Chapter  

2 is a review of the  l i terature pertaining to cognitive and behavioural  

change in ALS, with em phas is  on the  hypothesis  th a t  th e se  changes  

represen t  phenotypic m arkers  for distinct d isease  sub types .  Chapter  3 

includes a review of studies  investigating social cognitive function in
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neurodegenera t ive  conditions and th e  implications of the  reported findings 

for ALS research.

Chapter  4 details  th e  thesis  hypo theses  and objectives,  while chap te r  5 

includes a comprehens ive  su m m ary  of the  s tudy methodology.

To ensure  clarity, results  and discussion sect ions are  divided into four 

parts  (chap ters  6 to 10). Each of t h e se  chap te rs  includes presenta tion of 

the  results  of a different a spec t  of the  project ,  followed by discussion of 

the  findings: chap te r  6 is focused on the  incidence and the  demographic ,  

clinical and neuropsychological s ignature  of cognitive impairment in ALS; 

chap te r  7 is an investigation into the  prognostic implications of cognitive 

impairment  in ALS; Chapter  8 is concerned with the  incidence and  clinical 

corre la tes  of behavioural  impairment and  the  results  of the  exploratory  

s tudy of social cognitive function in ALS; Chapter  9 includes a su m m ary  of 

the  longitudinal evolution of cognitive and  behavioural  change  on follow 

up; and chap te r  10 is focused on th e  results  of the  second explora tory 

s tudy which is a da ta - led  investigation of naturally occurring prognostic 

subgroups  within the  ALS population.

The last chapte r,  chap te r  11, provides a su m m a ry  of the  all the  findings of 

the  study;  and  a general  discussion of t h e se  findings which includes s tudy 

limitations and  implications for future  ALS research.
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2.1 Introduction

Traditional teaching has  always em phas ized  the  selective na ture  of the  

n eurodegenera t ive  process  in ALS, with the  upper  and  lower motor  

neurons  known to be the  primary main ta rge t .  The association of ALS with 

cognitive chan g es  has  been  recognised since the  early twentie th  century  

(Von Braunmuhl,  1932; Marie, 1892; Bogaert ,  1925),  but was  largely 

overshadowed by the  disabling and , ultimately fatal moto r  effects of the  

d isease  (S trong, 2008; Flaherty-Craig e t  al., 2006; Phukan e t  al., 2007).

The motor  p resenta tion  of ALS is characte r ised  by heterogeneity  in age,  

site of onset ,  the  degree  of upper  and  lower moto r  neuron involvement 

and  ra te  of d isease  progression (Masellis e t  al., 2010; Czaplinski e t  al., 

2006).  The recognition of cognitive and  behavioural  complications of ALS, 

added  a new e lem en t  to this he terogeneity .

Although the  in te rest  in cognitive function in ALS has  waxed and waned 

over  the  last th ree  d ecades ,  the  core quest ions  remain unanswered .  

These  include the  exac t  f requency of cognitive change  in the  ALS 

population,  w h e th e r  a certain demographic  profile or specific d isease  s tage  

predispose  to the  e m erg en c e  of cognitive abnormalit ies,  and  w he ther  

cognitive impairment,  when p resen t ,  affects overall d isease  outcome 

(Strong e t  al., 2009; Lomen-Hoerth ,  2004; Lomen-Hoerth e t  al., 2003; 

Murphy e t  al., 2007b;  OIney e t  al., 2005; Rippon et  al., 2006).
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This limited understanding of the biological implications of the cognitive 

change in ALS has led to speculations th a t tha t cognitive im pairm ent may  

be a random event of no consequence, or possibly a universal event, that  

will take place in all patients if follow up for sufficient periods of t im e. This 

later view is supported by accumulating evidence suggesting clinical, 

pathological, radiological and genetic overlap between ALS and 

Fronotemporal lobar degeneration (FTLD) (Geser et al., 2 01 0 ;  Neumann  

et al., 2 0 0 6 ;  DeJesus-Hernandez et al., 2011 ; Liscic et al., 2 0 0 8 ) .

There is an evolving preposition tha t ALS and FTLD m ay represent two  

ends of a single and continuous biological continuum (Geser et al., 2009 ;  

Liscic et al., 2 0 0 8 ) .  In this view point an ALS patient with a "pure" motor  

syndrome and another with clinically apparent cognitive change may be at 

different parts of the pathological continuum (M urphy et al., 2007b ; Lillo 

et al., 2 0 1 2 ) .

An a lternative  hypothesis is tha t cognitive im pairm ent in ALS patients  

represents a m arker for a "subtype" or "subtypes" of ALS with distinct 

disease characteristics (M urphy et al., 2 00 7 a ; Bak, 2 0 1 0 ) .  The interest in 

investigating this hypothesis is more than academic. I f  cognitive 

dysfunction is indeed associated with a distinct disease phenotype, this 

would imply it m ay be a useful clinical biomarker.

This review aims to discuss the clinical, neuropsychological and 

radiological evidence relating to the interface between ALS and FTLD, and 

to outline the  gaps in our knowledge.
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2.2 Incidence and Demographic Profile

The estimates of the proportion of ALS patients who develop co-morbid 

frontotemporal dementia (ALS-FTD) range from 5 to 50%, while reported 

rates milder forms of cognitive impairment range from 10-75% (Lomen- 

Hoerth et al., 2003; Poloni et al., 1986; Frank et al., 1997).

On the other hand, approximately 15% of patients with FTLD develop 

features of ALS, with minor clinical changes such as fasciculations or mild 

muscle wasting documented in a further 27.3% (Burrell et al., 2011). 

Although degeneration of the frontal and temporal lobes is the defining 

feature of FTLD, it is important to emphasize that term "FTLD" 

encompasses a group clinically and pathologically heterogeneous 

disorders. At least three variants are recognised (Snowden et a!., 2007; 

Piguet et al., 2011). Behavioural abnormalities are the defining feature of 

frontal or behavioural variant FTLD (Bathgate et al., 2001; Snowden et 

al., 2007). The clinical presentation in the language variants of FTLD is 

dominated by language difficulties. Progressive non-fluent aphasia, 

(PNFA) is characterised by expressive language impairment, while 

semantic dementia (SmD) presents with loss of conceptual knowledge 

such as word meaning and object function (Neary et al., 2005, Snowden 

et al., 2007).

Behavioural-variant FTLD (Bv-FTLD) is the most frequently reported 

variant in patients with co-existent ALS and FTLD (Neary et al., 2005; 

Piguet et al., 2011; Snowden et al., 2007; Strong and Yang, 2011).
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Associations of ALS-FTD include male sex (Neary et al., 2005 ), and a 

predominance of bulbar and upper limb symptoms with late lower limb 

involvem ent (Bak and Hodges; 2001, Lillo et al., 2010; Lomen-Hoerth et 

al., 2003; Raaphorst et al., 2012), but these findings have not been 

uniformly replicated (Rippon et al., 2006; Massman et al., 1996).

FTLD patients who develop co-existent motor system degeneration have 

significantly worse prognosis than patients with "simple" sporadic FTLD. 

FTLD patients who develop signs and symptoms of ALS have a shorter 

survival tim e of 2 -3  years compared to 6 -9  years in the case of other 

subgroups of FTLD (Snowden et al., 2007; Josephs et al., 2005; Lillo et 

al., 201 0 ). This is unlikely to be simply due to the onset of motor 

symptoms as there is evidence to suggest that dementia progresses 

rapidly in this subgroup even before the onset of bulbar and limb 

symptoms (Bak et al., 2001; Lillo and Hodges, 2009).

Similarly, one study demonstrated that ALS patients with co-morbid FTLD 

have shorter survival than ALS patients without dem entia, even after 

adjusting for other factors, such as age and disease severity, though this 

study has not been replicated (OIney et al., 2005).

While it is may be intuitive to assume that patients with an overlap 

syndrome of ALS and FTLD would have more aggressive pathological 

process that either processes individually, the overlap syndrome itself may 

not be a uniform entity. Hu et al investigated survival in ALS-FTD patients 

and identified three patient subgroups: a "typical" group of patients in

whom the motor and cognitive symptoms occurred simultaneously had the
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shortest survival tim e (m e a n l9 .2  months); a second group also had a 

typical but longer survival (m ean 28 .6 ). The nature of the initial 

symptoms had no effect on survival in this group. A third group of 

patients, with an "atypical" long survival tim e of 67.5 months, were 

characterized by a long delay to emergence secondary symptoms. The 

initial symptoms in this group were more likely to be cognitive, and the 

presenting motor symptoms were more likely to be lim b-related (Hu et 

al., 2009).

With regard to milder forms of cognitive im pairm ent in ALS, the available 

data is even less consistent. With the exception of rare reports (Lomen- 

Hoerth et al., 2003; Frank et al., 1997), the current literature suggests 

that cognitive im pairm ent in ALS is not a function of age, gender, disease 

duration or severity (Oskarsson et al., 2010; Abrahams et al., 2005a; 

Abrahams et al., 1996; Abe et al., 1997; Rusina et al., 2010; Papps et al., 

2005).

Some studies have reported an increased risk of cognitive impairm ent in 

bulbar-onset patients (Raaphorst et al., 2010b; Abrahams et al., 2005a; 

Strong et al., 1999; Lomen-Hoerth et al., 2003; Schreiber et al., 2005; 

Talbot et al., 1995), while other studies have failed to confirm this 

association (Frank et al., 1997; Papps et al., 2005; Gordon et al., 2010; 

Ringholz et al., 2005; Mantovan et al., 2003; Lillo et al., 2012). Some 

authors suggested that cognitive im pairm ent is linked to the degree of 

dysarthria or bulbar involvement rather than bulbar-onset of the disease. 

(Sterling et al., 2010; Massman et al., 1996).
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Similarly, a link between cognitive innpairnnent and lower education was 

been described (Talbot et al., 1995; Ringholz et al., 2005), but has not 

been not replicated by other groups (Raaphorst et al., 2010a; Hanagasi et 

al., 2002).

Although initial reports suggested tha t poor respiratory function may 

contribute to the observed cognitive abnormalities in ALS patients 

(Newsom-Davis et al., 2001), a recent study found no link between 

respiratory insufficiency and cognitive impairment (S tru tt et al., 2012).

The prognostic effects of milder forms of cognitive impairment in ALS are 

yet to be established. Gordon et al (2010) reported that moderate but not 

mild cognitive impairment was associated with shorter survival. Other 

studies did not find any association between cognitive impairment and 

disease evolution (Rusina et al., 2010, Rippon et al., 2006).

The inconsistencies in the above findings are a function of the lim itations 

of many of the existing ALS studies: small sample size, clinic-based 

design, wide variation in the methods used to control for bulbar/m otor 

disabilities, and the lack of a universally accepted definition of cognitive 

impairment in ALS. A recently published consensus document made 

several recommendations aimed at improving the quality of future ALS 

research, and proposed new criteria to define the various "frontotemporal 

syndromes" described in ALS (Table 2.1) (Strong et al., 2009). Of note, 

recently new revised criteria have been published for FTLD (see appendix 

7) but these changes have not yet been adopted or incorporated into the 

proposed definitions of frontotemporal syndromes in ALS.

25



Table 2.1. A summary for the proposed nomenclature and definitions for frontotemporal syndromes in ALS.(Strong et al., 2009)

Syndrome Acronym Proposed Definition

ALS with cognitive impairment ALSci

Evidence of cognitive impairment at or below the 5th percentile on at least two distinct tests of cognition 

that are sensitive to executive functioning

ALS with Behavioural 

impairment

ALSbi

ALS patient meeting at least two non-overlapping supportive diagnostic features from either the Neary 

criteria (Neary et al., 1998) or Hodges criteria (Hodges and Miller, 2001) for FTLD

ALS with co-morbid 

frontotemporal lobar 

degeneration

ALS-FTD Definition depends on subtype of frontotemporal lobar degeneration

1. Behavioural variant: (BV-FTLD): ALS patient meeting either the Neary criteria,(Neary et al., 

1998) or Hodges criteria (2) (Hodges and Miller, 2001) for Bv- FTD

2 . Progressive Non-Fluent Aphasia (PNFA): ALS patient meeting Neary criteria for PNFA, (Neary 

et al., 1998)

3. Semantic Dementia (SD); ALS patient meeting Neary criteria for SD (Neary et al., 1998)



2.3 Neuropsychological Profile

2.3.1 Cognitive Function

ALS patients w itliou t frank dementia often liave preserved global function 

on tests such as the Mini Mental Test Examination (MMSE) (Hanagasi et 

al., 2002; Lomen-Hoerth et al., 2003; Moretti et al., 2002; Kilani et al., 

2004; Ringholz et al., 2005). The most robust evidence of cognitive 

impairment in ALS comes from reports of executive dysfunction. Cognitive 

deficits in FTLD, when present, are also dominated by abnormalities in 

executive function (Snowden et al., 2007; Neary et a!., 2005). Executive 

function is a term used to describe the complex cognitive processes tha t 

enable a person to integrate multimodal sensory information, modify 

behavioural patterns and ways of thinking in new or changing situations, 

generate multiple response options, plan and reason, maintain set goals, 

and monitor self-progress (Murphy et al., 2007a; Halligan, 2003). 

Executive function is also instrumental for mental flexib ility, planning, 

foreseeing and solving problems.

The most commonly reported abnormality of executive function in ALS 

patients is reduced verbal fluency (Lomen-Hoerth et al., 2003; Woolley et 

al., 2010b; Frank et al., 1997; Strong et al., 1999, Hanagasi et al.; 2002, 

Abe et al., 1997; Abrahams et al., 2000). Deficits in verbal fluency tasks 

are also frequently reported in FTLD patients, but usually occur in the 

context of other abnormalities in executive function and behaviour 

(Snowden et al., 2007; Josephs et al., 2008).
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During a verbal fluency task subjects are required to generate  

alternative responses, and to simultaneously set and test multiple 

strategies, a feat that relies on intact higher executive functioning and 

working memory (Abrahams et al., 2000; Abrahams et al., 2004). These 

processes are in turn dependant on the dorsolateral prefrontal cortex, the 

anterior cingulate gyrus, and parts of the temporal lobe (Abrahams et al., 

2000; Abrahams et al., 1996; Lepow et al., 2010).

The sensitivity of the verbal fluency task may be due the multiple frontal 

circuits involved in the task or to co-existent language involvement. The 

latter preposition is supported by the fact that although deficits in 

non-verbal fluency tasks, such as design fluency or the random  

m ovem ent joystick task, have also been reported in ALS, results are not 

as uniformly abnormal as verbal fluency (Abrahams et al., 2005a; 

Abrahams et al., 1996; Abrahams et al., 2000; Abrahams et al., 1997; 

Abrahams et al., 1995).

Patients with abnormal verbal fluency have been shown to have changes 

on functional magnetic resonance imaging (M R I) in cortical areas 

associated with language production and word retrieval (Abrahams et al., 

2004). However, clinical studies from the same group demonstrated that 

abnormal verbal fluency is often accompanied by normal confrontation 

naming and intact associative language networks (Abrahams et al., 

2005b). The current consensus is that abnormal verbal fluency is either a 

consequence of executive dysfunction resulting in slow word generation, 

or the result of combined deficits in language and executive function.
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o th er frequently used tests of executive function include the Wisconsin 

Card Sorting Test (WCST) (Grant and Berg, 1948), the Stroop Colour 

Word Interference Test (Trenerry M, 1989), and the Tower of London test 

(Shallice, 1988). Abnormalities in these tests have been reported in non- 

demented ALS patients, but results have been inconsistent. Evdokimidis et 

al (2002 ) reported an intriguing correlation between poor performance on 

WCST and Stroop Colour Word Interference Task and increased 

difficulties in suppressing unwanted saccades on the anti-saccade eye 

m ovem ent task which is a task dependant on prefrontal inhibitory 

networks and thus frontal lobe function.

Significant deficits in attention span, concentration, and working memory 

have also been described in non-demented ALS patients (Lillo et al., 

2012; Hanagasi et al., 2002; Frank et al., 1997; Mantovan et al., 2003; 

Abrahams et al., 2004 ). Commonly used task of working memory and 

attention are the digit span tasks, such as the Digit Span subtest of 

Wechsler Adult Intelligence Scale, Wechsler (Wechsler D., 1997). There 

are reports of significant impairm ent in backward, but not forward digit 

span in ALS patients (Lillo et al., 2012; Abrahams et al., 2004; Hanagasi 

et al., 200 2 ). The proposed explanation for this discrepancy is that 

forward span is a test of global attention, while backward digit span 

requires not only retaining the original digits but also repeating them in 

the reverse order placing heavy demands on working memory.
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As th e  verbal f luency t a sk  Is the  m os t  consistently abnormal t e s t  of frontal 

executive function,  t h e r e  is a reasonab le  a rg u m e n t  for its use a s  an initial 

screening te s t  for cognitive impairment  in ALS pa tients  (Gordon e t  al., 

2007;  Flaherty-Craig e t  al., 2006; S trong et  al., 2009).  Verbal f luency 

tasks  are  sensitive,  reliable and deficits tend  to occur early in th e  course  

of the  illness (Abrahams e t  al., 2005b;  Ringholz e t  al., 2005).  In addition,  

Flaherty-Craig and col leagues  (2006)  d e m o n s t ra ted  a significant 

correlation be tween verbal fluency deficits and abnormal  abs t rac t  thinking 

and poor j u d g e m e n t ,  prefrontal functions t h a t  a re  directly re levant to 

everyday  functioning. However,  Lomen-Hearth  e t  al (2003) reported th a t  

8 out 27 ALS pa t ien ts  with normal verbal fluency had significant 

abnormalit ies  on detailed neuropsychological te st ing,  6 of whom fulfilled 

the  Neary criteria for definite FTD. Rather  than  using a method  tha t  

corrected  for speed  (such as the  verbal fluency index described by 

Abraham s e t  al 1995) ,  th e  invest igators allowed patien ts  with significant 

motor  or bulbar difficulties extra  t ime to comple te  the  task.  Although this 

may have influenced th e  results  in so m e  patients  resulting in spuriously 

normal scores,  this s tudy  still highlights the  shor tcomings  of using a single 

te s t  a s  a screening procedure .  As a m a t te r  of fact, many  exper ts  would 

be sceptical of screening m e asu re s  relying exclusively on te s t s  of 

executive function. There  is accumulating evidence th a t  ALS pat ients  

exper ience  decline in o th e r  cognitive domains .
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Although initial observations on language function in ALS have been 

inconsistent, a recent meta-analysis found a significant medium size effect 

for language deficits in non-demented ALS patients (Raaphorst et al., 

2010a). There are also reports of increased incidence of verbal and 

semantic paraphasias, perseverations, naming difficulties, and spelling 

errors in ALS patients (Mantovan et a!., 2003; Sterling et al., 2010; 

Strong et al., 1999; Abrahams et al., 1996;; Ichikawa et al., 2008a; 

Ferrer et al., 1991;; Satoh et al., 2009; Ichikawa et al., 2008b). In 

addition to the expressive difficulties, there is also evidence suggesting 

impaired comprehension in ALS patients with and without frank dementia 

(Caselli et al., 1993; Bak and Hodges, 2004; Doran et al., 1995; Rakowicz 

and Hodges, 1998)

Bak et al (2 0 0 1 ) described six ALS-FTD patients, with pathologically 

confirmed ALS in four cases, presenting with predominantly language 

difficulties. The report suggested a selective im pairm ent in verb 

comprehension compared to noun comprehension that was linked to 

Brodmann's areas 44 and 45 (Bak and Hodges, 2001 , Bak et al., 2001). 

These findings were confirmed on longitudinal follow up (Bak and Hodges, 

2004). Grossman et al (2008 ) reported that non-dem ented ALS patients 

also had a significant deficit on tests requiring verb knowledge as opposed 

to object knowledge. Notwithstanding that tasks involving verb 

processing are generally more mentally demanding than tasks involving 

noun processing, there is pathological and neurophysiological evidence to 

suggest that the neural substrate responsible for verb representation is
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linked to the anterior frontal cortical motor areas that are often affected in 

ALS and ALS-FTD (Hauk et al., 2008; Bak, 2010).

Memory involvement has been recently recognised in ALS patients. Most 

investigations suggest that im m ediate recall is more likely to be affected 

than delayed recall (Frank et a!., 1997; Hanagasi et al., 2002; Raaphorst 

et al., 2010a). This was attributed to abnormal retrieval processes which 

are dependent on pre-frontal function (Mantovan et al., 2003). Of note, 

deficits in delayed memory and recognition have also been reported. 

(Raaphorst et al., 2010b; Strong et al., 1999; Ringholz et al., 2005; 

Mantovan et al., 2003). In addition, lack of the expected pattern of 

enhanced recognition memory for emotionally encoded material has also 

been described in ALS patients (Papps et al., 2005). These deficits 

attributed to pathological involvem ent of the temporal lobe and the limbic 

region (Kato et al., 1994).

FTLD patients with or without ALS often have preserved visuo-perceptual 

skills (Neary et al., 2005). Similarly ALS patients tend to have intact 

visuo-spatial skills even in the context of cognitive decline in other 

domains (Abrahams et al., 2005a Raaphorst et al., 2010b; Talbot et al., 

1995; Sterling et al., 2010; Abrahams et al., 2004; Abrahams et al., 

2005b). Few studies have documented visual-perceptual deficits in ALS 

patients (Strong et al., 1999; Hanagasi et al., 200 2 ), but some of the 

tests used required planning and strategy making and deficits were 

attributed to problems in frontal problem solving deficits (Hanagasi et al., 

2002).
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2.3.2 Behaviour

Behavioural abnormalit ies  are  the  defining fea ture  of frontal or 

behavioural  variant FTLD or Bv-FTLD (Ba thga te  e t  al., 2001; Snowden et  

al., 2007).  Bv-FTLD accounts  for approximate ly  two-th irds of cases  in 

sporadic FTLD, but is thou g h t  to account for the  vas t  majority of ALS-FTD 

cases  (S trong, 2008; Neary e t  al., 2005; Bathgate  e t  al., 2001).

ALS-FTD patients  tend p re sen t  with behavioural  changes  identical to those  

repor ted in Bv-FTLD, notably changes  in personali ty with apathy ,  

disinihibition, deter iora tion in social conduct  irritability, decline in personal 

hygiene and  loss of em pathy .  There  is evidence suggesting th a t  ALS-- 

FTD patients  may be m ore  likely to exper ience  psychotic sy m p to m s  

com pared  to sporadic FTLD patients,  particularly hallucinations and  

delusions th a t  are  persecu tory  in na tu re  (Bak e t  al., 2001; Lillo e t  al., 

2010 ).

Though less common,  the  clinical picture in ALS-FTD can also be 

consis tent with semantic  dement ia  or PNFA, ra the r  than  Bv-FTLD (Strong, 

2008; Bak and Hodges, 2001; Kim e t  al., 2009).  Bak e t  al (2001) 

described a series  of ALS-FTD patients  who p resen ted  with progressive 

aphas ia  character ized by severely impaired ability to produce or 

unders tand  syntactically complex sen te n c es ,  is som e  cases  in the  absence  

of any frontal behavioural  features.
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ALS-FTD patients  with predominantly  behavioural  p resen ta t ions  a re  more  

likely to have  language  difficulties and anomia  compared  to  sporadic  Bv- 

FTLD pa tients  (Lillo e t  al., 2010) .  This is interesting in the  con tex t  of a 

survival s tudy by Garcin et  al (2009)  in which language  difficulties were  

identified as  the  only significant negat ive prognostic indicator in a cohort  

of Bv-FTLD pa tients  without ALS.

It is now widely accep ted  th a t  no n -d em en ted  ALS patients  can also 

manifest  behavioural  changes .  Gibbons e t  al (2008)  exam ined  the  

behaviour of 16 ALS patien ts  using a specifically designed in formant- 

reliant interview. A wide spec t rum  of behaviour was  reported  ranging from 

entirely normal to severe ly  abnormal.  The m os t  common ch an g e  (69% )  

was  se lf -centred  behaviour  and  reduced e m p a th y  for o thers ,  a cluster  of 

abnormalit ies  th a t  is a lmos t  universal  in Bv-FTLD (Snowden e t  al., 2007; 

Bathgate  e t  al., 2001).

Witgert  e t  al (2010)  conducted  the  largest  s tudy to da te  of behaviour  in 

sporadic ALS, and  identified behavioural  abnormalit ies in 2 4 %  of ALS 

pat ients .  The au thors  utilised the  Frontal S y s tem s  Behaviour Scale 

(FrSBe, Grace e t  al, 2001) ,  which is a well validated behavioural  t e s t  

originally designed for pa t ien ts  with tr aum at ic  brain injury. However,  the  

FrsBe does  not take  into account  the  functional limitations of motor 

disability and hence  can lead to over-diagnosis  of behavioural  deficits in 

ALS, in particular ap a th y  (Strong e t  al., 2009).  In addition, the  FrsBe does  

not enquire  into impor tan t  non-frontally media ted  behavioural  changes  

such as  delusions and obsessive-compuls ive  behaviour (Masellis e t  al., 

2010; Strong e t  al., 2009).
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Apathy was cited as  th e  m os t  common form of behavioural  change  in ALS 

pa tients  in most published s tudies,  though  reports  regarding its 

correlation with physical disability and respiratory s ta tu s  are  more 

inconsistent (Witgert  e t  al., 2010; Woolley e t  al., 2010b;  Grossman e t  al., 

2007; Chio e t  al., 2010; Terada  e t  al., 2011; Lillo e t  al., 2011) .  Although 

apa thy  is a non-specific sym ptom  th a t  is described in many 

neurodegenera t ive  conditions, apa thy  is particularly com m on in 

behavioural variant Bv-FTLD and has  been linked in MRI studies  to the  

anter io r cingulate gyrus  and  dorsolateral  prefrontal cortex (Zamboni e t  

al., 2008).

Although, the  behavioural  changes  in n o n -dem en ted  ALS patients  tend 

to resemble  most  closely Bv-FTLD, a wider spec t rum  of abnormalit ies 

have  been repor ted including fea tu res  typical of sem ant ic  dement ia  

such as  obsessive-compuls ive  and repetit ive s tereotypic  behaviour 

(Strong, 2008; Gibbons e t  al., 2008; Lillo et  al., 2011).  Gibbons et  al 

(2008)  reported th a t  the  m os t  common sensory  abnormality  in ALS 

pa tients  was an exagge ra ted  re sponse  to non-noxious stimuli such as  

touch or noise,  a phenom enon  typically encounte red  in patien ts  with 

sem ant ic  dement ia .

Although cognitively impaired patients  were  more  likely to have 

behavioural  changes ,  and behaviourally impaired patients  a re  m ore  likely 

to display executive deficits, this concordance  is not complete .  Witgert et  

al (2010) reported th a t  two thirds of pat ients  with m o dera te  to severe  

cognitive deficits had no behavioural changes .

35



Loss of insight (anosognosia )  is one  of the  core fea tu res  of the  Neary 

criteria for FTLD (Neary e t  a!., 2005).  Liu e t  al reported  th a t  a l though 

anosognosia  was  a lmost universal in Bv-FTLD patients,  pa tien ts  with 

" temporal"  or language  variants  of FTLD tended  to have  intact insight (Liu 

e t  al., 2004).  Whoolley e t  al (2010a )  reported  th a t  while anosognos ia  is 

common in ALS-FTD patients,  pa tien ts  without dement ia  tend to  have  

intact insight. Indeed  no n -d em en ted  ALS patients  t ended  o ve res t im ate  

their  behavioural  changes  (Woolley e t  al., 2010a) .  Mantovan e t  al (2003)  

reported th a t  ALS patient  u nde res t im ated  their  m em ory  problems, but 

results  were  not com pared  with heal thy controls.

2.3.3 Longitudinal Evolution

It is unclear  w he ther  the  neuropsychological  abnormalit ies  outl ined above  

rep re sen t  markers  of distinct su b se t  of ALS or w h e th e r  they a re  an 

integral par t  of the  d isease  th a t  would e m erg e  with t ime in all pa tients .  

Detailed longitudinal studies  are  required to clarify this issue,  bu t  t h e se  

a re  limited by high attrition ra tes  and in many ins tances,  by a b se n c e  of 

a d eq u a te  controls.

Robinson e t  al (2006)  followed up 19 ALS patients  for a period of 6 

months .  Although 36 .8%  of patien ts  showed som e  cognitive decline over 

t ime,  the re  was  no significant difference be tween  t e s t  scores  at  baseline 

and  6 months  later.
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Kilani et al (2004) carried out a 12-months longitudinal study of 18 

patients and concluded that the mild cognitive changes detected "evolved 

only slowly if at all with time".

A larger study followed up 52 ALS patients for up to 18 months (Schreiber 

et al., 2005). Despite the increased motor disability accrued with time, the 

study failed to show that this was accompanied by significant cognitive 

deterioration. Similarly, six-month longitudinal studies by Strong et al 

(1999) and Gorden et al (2010) did not show any major decline in 

cognitive function and even documented mild improvement in some 

measures. This is most probably related to learning effect associated with 

repeated testing.

Abrahams et al (2005b) suggested that language function, but not 

executive function, is more sensitive to deterioration with time. Moretti et 

al (2002) reported a modest but statistically significant decline in 

executive function and attention in bulbar onset patients only. Overall, 

the current evidence on the evolution of cognitive function in ALS with 

tim e remains insufficient to draw firm conclusions.

2.4 Neuropathology

Gross examination of the brain in "classical" ALS is usually unremarkable, 

with the exception of precentral gyral atrophy in longstanding cases 

(Cochran, 2005). This compares with impressive atrophy of the frontal 

and temporal lobes in FTLD cases (Neary et al., 2005; Bathgate et al.,
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2001; Piguet e t  al., 2011).  The pa t te rn  of a trophy in FTLD is linl<ed to the  

clinical phenotype.  PNFA tend to have  mainly left hemispheric a trophy,  

while SmD is associa ted  with bilateral, often asymmetr ical  a trophy of the  

middle and  inferior tempora l lobes; in Bv-FTLD th e re  is usually early 

bilateral orbito-mesial  a trophy, followed by atrophy of the  dorsolateral  

frontal cortex, tempora l  pole, hippocampal  formation,  and the  basal 

ganglia (Snowden e t  a!., 2007; Whitwell e t  al., 2006; Piguet e t  al., 2011).

The pathological criteria for ALS on a microscopic level include loss of the  

anter ior horn cells, brain s tem motor  nuclei and  Betz cells in th e  motor  

cortex with degenera t ion  of the  corticospinal t rac ts  (Cochran, 2005).  

These  essential  f ea tu res  are  often accompanied by astrocytosis and  a 

nu m b er  of intracellular inclusions including ubiquit in- immunoreact ive 

inclusion bodies (UirBs), first descr ibed by Okamoto  in 1991.

Neuronal loss and microvacuolation are  com m on microscopic fea tu res  in 

FTLD. However,  the  pathology of FTLD is h e te rogeneous ,  and can broadly 

categorised into " t auopa th ies"  and  "non- tauopa th ies"  depending on the  

presence  of abnormal deposits  of micro tubular  binding protein tau  (Neary 

e t  al., 2005; Snowden e t  al., 2007) .

Tauopath ies  account for approximately  half the  cases  of sporadic FTLD. 

Post m or tem  studies of pa tients  with PNFA, Pick's d isease ,  and Bv-FTLD 

and parkinsonism linked to muta tions  in th e  micro tubule-associa ted 

protein tau  (MAPT) on ch rom osom e  17 a lm os t  always reveal a 

tauopathy .
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However, many FTLD cases are tau negative, and belong either to the  

group of frontotemporal dementias with ubiquitin inclusions (FTLD-U) or 

less commonly the frontotemporal dem entias lacking distinctive 

histological features (Neary et al., 2005; Piguet et al., 2011 ). The defining 

feature of FTLD-U is the presence of UirBs, similar to those described in 

sporadic ALS (Snowden et al., 2007; Bathgate et al., 2001 ). Almost all 

patients with SmD, approximately 5 0 -6 0 %  of Bv-FTLD, and almost all 

cases of ALS-FTD usually display FTLD-U pathology (Piguet et al., 2011; 

Neary et al., 2005).

Until recently, ubiquitin immunohistochemistry was the only method to 

detect the abnormal protein inclusions in sporadic ALS and FTLD-U as 

UirBs were negative on staining with tau and alpha-synuclein. The 

identification of TDP-43 (trans-activating responsive DNA-binding protein 

43) as a main constituent of these inclusions was a m ajor milestone in 

understanding the degree of overlap between ALS and FTLD (Neumann et 

al., 2006; Davidson et al., 2007).

TDP-43 is a ubiquitously expressed protein encoded by the TARDBP gene 

on chromosome one (Neumann et al., 2006; Arai et al., 2006 ). I t  is a

nuclear protein, but it shuttles between the nucleus and the cytoplasm

probably in a transcription-related pattern (Ayala et al., 2008). It  has a 

glycine rich C-term inal that contains two RNA-recognition motifs, and 

multiple proposed functions including transcriptional regulation, microRNA 

processing, alternative splicing, exon skipping and mRNA stability (Ayala

et al., 2008; Strong et al., 2007 Buratti and Baralle, 2008 ).
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The accumulating reports  of familial and  sporadic  ALS with m uta t ions  in 

the  TARDP gene  sugges t  t h a t  TDP43 may play a pivotal role in ALS 

pa thogenes is  ei ther via the  toxic effect  of abnormal protein a g g re g a te s  

(Barmada e t  al., 2010),  or possibly via al tered RNA Processing (Strong, 

2010 ).

The discovery of TDP-43 positive inclusions has  led to the  e m erg en c e  of a 

new family of neurodegenera t ive  disorders ,  the  so called "TDP-43 

proteinopathies" ,  which includes ALS as  well as  FTLD-U with and 

without ALS. Findings in TDP43 prote inopath ies  include neuronal  

cytoplasmic and nuclear  inclusions and  dys trophic neurites.  These  changes  

have  been  described in the  lower motor  neurons,  neocor tex and 

h ippocampus  in ALS and FTLD patients  (Neum ann e t  al., 2006; Arai e t  al., 

2006; S am p a th u  e t  al., 2006; Nishihira e t  al., 2008).  TDP-43 positive glial 

inclusions are  mainly considered a fea tu re  of ALS (Liscic e t  al., 2008; 

Geser  e t  al., 2008; Neumann e t  al., 2006; Arai e t  al., 2006),  bu t have  

also been  descr ibed in FTLD (See laar  e t  al., 2007) .

The s truc tu re  and  cellular distribution of TDP-43 is abnormal in all TDP-43 

prote inopathies.  TDP-43 loses its nuc lear position and a g g re g a te s  mainly 

in cytoplasm (Giordana e t  al., 2009) .  The TDP-43 protein itself is 

t runca ted  a t  the  N-terminus,  and the  remaining C-terminus f r ag m en t  is 

abnormally phosphory la ted  to form insoluble protein deposits  (Neum ann 

e t  al., 2009a)  There  are  differences within th e  TDP-43 pro te inopathy  

family. The TDP-43 inclusions are  d e n se r  in FTLD-U than  in ALS and the  

distribution ten d s  to be different. While ALS patients  have  a higher 

burden of inclusion in anter io r horn cells, pa tien ts  with FTLD-U have  more
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cortical TDP-43 pathology (Geser et al., 2008; Geser et al., 2009). Several 

patterns ubiquitin/TDP-43 deposition have been described in FTLD-U, with 

the predominant pattern in ALS-FTD cases usually including abundant 

neuronal cytoplasmic inclusions in the superficial and deep cortical 

laminae (Sam pathu et al., 2006; Snowden et al., 2007).

To date, there have been relatively few attem pts to correlate pathological 

findings in ALS with mild forms of cognitive dysfunction. Pathological 

findings reported in cognitively impaired ALS patients include neuronal 

loss in the frontal lobe, the presence superficial linear spongiosis in the 

frontal and temporal neocortices, and more widespread UirBs and 

dystrophic neurites compared to cognitively intact patients. The 

discrepancy is particularly notable in the granular layer of the 

hippocampus and the anterior cingulate gyrus (Abe et al., 1997; Yang et 

al., 2003; Wilson et al., 2001).

Another proposed m arker for cognitive im pairm ent in ALS is the presence 

of neuronal and extra-neuronal tau aggregates similar to those described 

in tauopathies (Strong et al., 2006; Yang and Strong, 2012). The tau 

protein deposits in cognitively impaired patients displayed a unique tau 

phosphorylation at T h rl7 5  which has been shown to alter tau 

metabolism and significantly enhance tau fibril formation and cell death 

(Gohar et al., 2009).

Approximately 7 -10%  of FTLD-U patients are TDP43 negative and 15%  of 

ALS-FTD cases do not belong to the FTLD-U subtype and do not stain with 

ubiquitin or TDP-43 (Josephs et al., 2008; Neumann et al., 2009b). Most
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c a s e s  of  familial ALS a s s o c ia t e d  with m u t a t i o n s  in t h e  s u p e ro x id e  m u t a s e  

g e n e  a r e  also TDP-43 ne g a t iv e  (Mackenzie  e t  al.,  2007) .

Recently,  m u t a t i o n s  in t h e  Fused  in S a r c o m a  (FUS) g e n e  h a v e  b e e n  

identif ied a s  a c a u s e  of familial a m y o t ro p h ic  lateral  sc leros is  (Kwiatkowski 

e t  a!., 2 0 0 9 ;  Blair e t  a!., 2 0 1 0 ) .  FUS im m u n o re a c t iv e  (FUS-ir) inc lusions 

h a v e  b e e n  r e p o r te d  in t h e s e  FALS c a s e s  a s  well a s  in TDP-43 ne g a t iv e  

FTLD-U c a s e s  (Kwiatkowski e t  al. ,  2 0 0 9 ;  N e u m a n n  e t  al.,  2 0 0 9 b ) ,  In t h e  

la t te r  c a s e  FUS-ir glial inc lusions no t  prev ious ly visible on ubiquitin 

s ta in ing w e re  al so d esc r ibed  ( N e u m a n n  e t  al.,  2 0 0 9 b ) .  FUS Is a protein  

involved in RNA process ing  a n d  is s tr ikingly simi lar  to  TDP43 in in 

s t r u c t u re  and  funct ion (S t rong  e t  a!., 2 0 0 7 ;  S t rong ,  2010) .

2.5 Neuroimaging

Struc tu ra l  n eu ro im ag in g  in FTLD s h o w s  f ro n to - t e m p o ra l  a t ro p h y  with 

m o re  de ta i led  in ves t iga t ions  conf irming t h e  classical  p a t t e r n s  of 

a t ro p h y  in va r ious  s u b ty p e s :  a n te r io r  t e m p o ra l  in SD , left h e m is p h e r i c  in 

PNFA and  bilateral  frontal  in Bv-FTLD (Perei ra e t  al. ,  2009) .

More de ta i led  s t ruc tu ra l  a n d  funct iona l  imag ing  h a s  identif ied t h e  cortical 

reg ions  m o s t  specifical ly a s s o c ia t e d  with Bv-FTLD: t h e  left a n d  r ight  

a n te r io r  media l  frontal  co r tex ,  medial  orb i tofrontal  cor tex ,  r ight  a n te r io r  

insula,  and  an t e r io r  c ingu la te  ( S c h r o e t e r  e t  al. 2 0 0 7 ;  Raichle e t  al . ,  2 0 0 1 ) .  

Bram bat i  e t  al ( 2 0 0 7 )  h a v e  d e m o n s t r a t e d  t h a t  t h e  a n te r io r  c ingu la te  and
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the paracingulate gyri were the only regions that showed significant grey 

m atter atrophy over one year in Bv-FTLD patients.

Right hemispheric involvement in FTLD patient has been linked to marked  

behavioural disturbances (Liu et al., 2004). Some investigators attem pted  

to correlate imaging findings to predominate behavioural abnormalities in 

FTLD. Correlations have been reported between apathy and atrophy in the 

right dorsolateral prefrontal cortex, while disinhibition correlated with 

atrophy in the right nucleus accumbens, right superior temporal sulcus, 

and right mediotemporal limbic structures (Zamboni et al., 2008).

MRI studies in ALS-FTD cases show similar, though milder, atrophy of 

front-tem poral lobes, particularly the anterior cingulate gyrus, and 

hyperintensities in the subcortical white m atter on the medial temporal 

lobes (Mori et al., 2007). Indeed, imaging in ALS-FTD tends to be 

consistently similar but not identical to that of sporadic FTLD.

Positron Emission Tomography (PET) and Single Photon Emission 

Computed Tomography (SPECT) studies show reduced perfusion and 

hypometabolism in the frontal and temporal lobes in both FTLD and ALS- 

FTD patients (Garraux et al., 1999; Guedj et al., 2007 ). Garreux et al 

(1999 ) reported comparable hypometabolism in frontal and lateral 

temporal lobes in the two groups but the ALS-FTD patients had greater 

hypometabolism in the medial temporal lobe. A more recent PET study 

reported that both FTLD and ALS-FTD had a similar pattern of cerebral 

hypoperfusion that included frontal, tem poral, cingulate, and insular
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neocortices (Guedj et al., 2007). ALS-FTD had more hypoperfusion in left 

premotor and precentral areas than FTLD patients.

Structural MRI findings in non-demented ALS patients tend to be subtle. 

Reported findings such as signal changes in the motor cortex and the  

corticospinal tract are neither sensitive nor specific. However, new 

techniques such as diffusion tensor imaging (D T I) has revealed white 

m atter abnormalities in the extra-m otor regions including the prefrontal, 

orbitofrontal and insular regions, the corpus callosum, the anterior 

cingulate gurus, and the hippocampal formations (Sage et al., 2009; 

Senda et al., 2011; Ulug et al., 2005 ,; Li et al., 2012). However, the 

m ajority of these investigations did not stratify patients by the presence 

or absence of milder forms of cognitive im pairm ent.

Few studies attem pted to correlate cognitive im pairm ent in ALS to 

neuroimaging. In a relatively large (n = 74) structural MRI study, Frank et 

al reported that cognitively impaired ALS patients had increased 

frontotempora! atrophy compared to cognitively intact ALS patients 

although the neuropsychological battery used was limited (Frank et al., 

1997). Abrahams et al (2005a ) employed voxel-based morphometry 

(VBM) technology which permits accurate volumetric measurements of 

both the white and grey m atter. The authors reported that cognitively 

impaired ALS patients had extensive white m atter volume loss in non

motor areas, including the medial frontal lobes, medial temporal lobes and 

the anterior cingulate gyrus. The white m atter volume loss correlated with 

impaired performance on memory tasks.
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Murphy e t  al ( 2 0 0 7 a )  r ep o r te d  t h a t  cognit ively im pai red  p a t i e n t s  g rey  

m a t t e r  vo lum e  loss in t h e  r ight  h e m is p h e r e  including r ight  frontal ,  par ie tal  

and  limbic lobes .  This is of  in t e r e s t  given a b o v e  t h e  m e n t io n e d  link 

b e t w e e n  r ight  h em is p h e r ic  a t ro p h y  a n d  p ro n o u n c e d  behav ioura l  

d i s tu rb a n c e  in FTLD (Liu e t  al. ,  2 004 ) .

A s tu d y  t h a t  e m p lo y e d  MR s p e c t ro s c o p y  (MRS),  a sens i t ive  m e a s u r e  of  

early neu ro n a l  loss,  in a coho r t  of  cognit ively im pai red  b u lb a r - o n s e t  ALS 

p a t i e n t s  identif ied abno rm a l i t i e s  exclusively in t h e  an t e r io r  c ingu la te  g y rus  

(S t ro n g  e t  al.,  1999) .

Results  on functional  imaging  w e re  conflicting.  Earlier  functional  imaging 

s tu d ie s  impl icated multiple brain reg ions  a s  being p r e d o m in an t ly  a f fec ted  

in cognit ively im pai red  pa t ien t s ,  including pre fronta l  co r tex ,  an te r io r  

c ingu la te  gy rus ,  a n te r io r  th a lam ic  nuc lea r  com plex  a n d  r ight  pa ra -  

h ippocam pa l  g y ru s  (S ch re ib e r  e t  al.,  2 0 0 5 ;  Kew e t  al.,  1993) .  A m o re  

r e c e n t  SPECT s tu d y  failed to  find a n y  m a rk e r s  for  cogni t ive  im p a i rm e n t  in 

ALS (Rus ina e t  al.,  2010) .

A very  r e c e n t  invest igat ion ,  also us ing funct ional  MRI t e chno logy ,  r ep o r te d  

t h a t  t h e  defau l t  m o d e  n e tw o rk  in ALS p a t ien ts  is cha ra c te r i z e d  by s how e d  

a d iv e rg e n t  connec tiv i ty  p a t t e rn ,  with a d e c r e a s e d  connec tiv i ty  of t h e  r ight 

orb i tof rontal  co r tex  a n d  an inc re ased  connec tiv i ty  of  t h e  p r e c u n e u s .  The 

s tu d y  s h o w e d  a correlat ion b e t w e e n  cogni t ive ( exec u t ive )  func tion in ALS 

p a t i e n t s  and  ab n o rm a l  connec tiv i ty  in left p r e c u n e u s ,  left a n g u l a r  gyrus ,  

left pos te r io r  c ingu la te  and  r ight  a n g u l a r  g y rus  (Agosta  e t  al. ,  2 012 ) .
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Woolley e t  al (2011)  used DTI technology to d e m o n s t ra te  an association 

be tween increased apa thy  in ALS patients  and  reduced fractional 

anisot ropy in right anter ior cingulate.  Tsujimoto e t  al (2011)  also reported 

the  deg ree  of apa thy  in ALS patients  corre la ted with reduced fractional 

anisot ropy in the  right medial prefrontal  cortex,  as  well a s  grey m a t te r  

a trophy in right dorsolateral  prefrontal  cortex and the  frontal pole and 

orbitofrontal cortex bilaterally.

Very few investigations have  focused on ALS patients  who have  been 

shown to be cognitively and  behaviourally intact after detailed test ing,  and 

thus  truly r ep re sen t  the  concept of "classical" ALS. In this subgroup,  

structural  MRI imaging abnormalit ies may be restricted to th e  motor  

cortical a reas  (Frank et  al., 1997; Abe e t  al., 1997).  However,  a VBM 

investigation by Chang e t  al (2005)  described grey m a t t e r  a t rophy in 

e x t ra -m oto r  a r e a s  in cognitively/behaviourally intact  ALS patients.  The 

pattern  of grey m a t te r  a trophy was  similar to th a t  s een  in ALS-FTD 

patients ,  but  th e  lat ter  group had significantly more  a trophy in th e  middle 

and inferior frontal gyri. Another VBM study of 12 cognitively intact  ALS 

patients  reported  normal grey m a t t e r  volume, but described significant 

white m a t t e r  volume loss th a t  was milder than  th a t  found in cognitively 

impaired pa tients  and was  centred  on the  corpus callosum and the  

association fibres of th e  precuneus  (Abrahams e t  al., 2005a) .
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In sunnnnary, imaging s tudies  to d a te  sugges t  th a t  cortical abnormalit ies in 

cognitively intact ALS patients  may extend  beyond th e  moto r  regions,  with 

more  widespread abnormalit ies in the  cognitively impaired and d e m en ted  

patients.  However, observations  are  conflicting and do not allow 

identification of definite markers  for cognitive impairment .

2.6 Genetics

ALS occurs in sporadic or familial form. It is e s t im ated  th a t  familial ALS 

(FALS) accounts  for 5 -10%  of the  ALS population, though  reported ra tes  

vary from 0 .8 %  to 18% (Byrne e t  al., 2011; Byrne e t  al., 2012; 

Jokelainen, 1977; Eisen e t  al., 2008).  This variation is likely to be 

secondary  to the  lack of a universally accepted  definition of FALS (Byrne 

e t  al., 2012).  The m os t  frequently reported mendel ian  pattern  of 

inheritance in FALS pedigrees  is an au tosomal dominant ,  with comple te  or 

incomplete pene t rance  (Gros-Louis e t  al., 2006; Andersen and Al-Chalabi, 

2011 ).

The discovery of pathogenic  superoxide d ism u tase  1 (SOD l)  gene  

mutations  in FALS have es tabl ished m u tan t  SODl m ouse  models of ALS 

as  the  corners tone  of research into ALS pa thogenes is  and therapy.  

However,  in the  last 15 years  this model has  failed to produce  results  th a t  

could be replicated in humans .  This has  led to speculations  th a t  the  SODl
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m ouse  models may not replicate key pathogenic  fea tu res  of human 

disorder.

Recent advances  in ALS genetics  have  uncovered  multiple new genes  

though t  to be pathogenic  in FALS, and in som e  cases  in sporadic ALS. 

Many of th e se  recently discovered g e n es  are  linked to consti tuents  of an 

abnormal protein a g g re g a te s  observed  in ALS patients  including TAR-DNA- 

blndlng protein (TARDBP), Fused in sa rcom a (FUS), Optineurin (OPTN), 

Ubiqulin 2 (UBQLN2), and heavy neurofi lament (NEFH) (N eumann et  al., 

2006; Vance e t  al., 2009; Deng e t  al., 2010; Aral e t  al., 2006).  The 

protein products  of many of t h e se  g en es  including TARDP, FUS, senataxin 

and anglogenin (ANG) also play a direct  or indirect role in RNA processing 

and matu ra tion ,  sugges ting  th a t  a l te red RNA processing may one of the  

more  im por tan t p a tho -m echan ism s  in ALS (Lagler-Tourenne and 

Cleveland, 2009; Strong e t  al., 2007; Strong, 2010; Al-Chalabi et  al., 

2012 ).

Despite the  fact  SODl-FALS accounts  for up to a fifth of FALS cases ,  there  

are  relatively few reports  of cognitive a n d /o r  behavioural  d is tu rbance  In 

t h e se  patients  (Mase e t  a!., 2001; Battistini e t  al., 2005; Lopate e t  al., 

2009).  This may be at tr ibuted to poor case  a sce r ta inm en t .  (Strong, 2008; 

Strong e t  a!., 2009).  Alternatively SODl-FALS may rep resen t  a distinct 

subgroup  which pathologically lacks TDP-43 deposit s  (Mackenzie e t  al., 

2007),  and clinically is less likely to  manifest  cognitive abnormalit ies 

(Wicks e t  al., 2009) .
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There has been several reports of ALS patients with co-nnorbid cognitive 

impairm ent or dementia harbouring non-S O D l mutations including ANG 

mutations (van Es et al., 2009 ), DCTNl mutations (Munch 200 5 ), and the 

recently described UBQLIN 2 gene mutation (Deng et al 2011). However, 

the most robust evidence of genetic overlap between ALS and FTLD comes 

from three recently described genes: TARDBP gene (Tar DNA binding 

protein gene), FUS gene, and the C9orf72 hexanucleotide repeat 

expansion.

TARDBP and FUS genes are both closely linked to RNA processing. Almost 

all reported TARDP mutations are in exon 6 affecting the highly conserved 

C-terminus known to be involved in RNA recognition. Transgenic mice with 

m utant TARDBP gene show a progressive neurodegenerative condition 

similar to ALS-FTD (Wegorzewska et al., 2009 ). In humans TARDBP 

mutations were reported primarily in fam ilial, and occasionally sporadic 

ALS, but recently phenotype has been extended by reports of pedigrees 

with in which members presented with ALS, FTLD or ALS-FTD and case 

reports TARDBP positive individuals presenting with FTLD with no evidence 

of ALS (Benajiba et al., 2009; Winton et al., 2008; Gitcho et al., 2009; 

Kabashi et al., 2008).

Similarly, mutations in FUS gene have been recently described in familial 

ALS including a few reports of presenting with ALS and cognitive 

im pairm ent or ALS-FTD (Ticozzi et al., 2009; Blair et al., 2010 ), but cases 

with "pure" Bv-FTLD are seem rare (Van Langenhove et al., 2010).

49



Linkage studies  of ALS-FTD kindreds liave for som e  time sug g es ted  a 

locus ch rom osom e  9p.21 (Gunnarsson  et  al., 1991; l^orita e t  al., 2006; 

Vance e t  a!., 2006; Laaksovirta e t  al., 2010).  Very recently,  th e  genet ic  

muta tion a t  t h a t  locus was identified as a subs tant ia l  expansion of 

GGGGCC hexanucleot ide  repea t s  in a non-coding region of C9orf72 

(DeJesus-Hernandez  e t  al., 2011; Renton e t  al., 2011).  Affected 

individuals had 7 0 0 -1 6 0 0  repea ts ,  w hereas  normal individuals had 23 

repea ts  or less.

The current  da ta  su g g es t s  th a t  the  C9orf72 re p e a t  expans ion may be 

responsible for up to 2 5 -5 0 %  of familial c ases  of ALS/FTLD, usually 

following an au tosom al  dom inan t  pa ttern  with reduced pene t rance ,  while 

ra tes  in sporadic  cases  a re  low (0 -6 % )  (Gijselinck e t  al., 2012; DeJesus- 

Hernandez e t  al., 2011; Renton e t  al., 2011; Boeve e t  al., 2012; 

Gijselinck, e t  al., 2012 , ;  Chio e t  al., 2012; van Rheenen  e t  al., 2012).  

Recent evidence points to the  possibility of a single founder in Europe 

(Smith e t  al., 2012) .

Studies  published to d a te  confirm th a t  the  m os t  common clinical 

p resenta tion  associa ted  with the  C9orf72 rep ea t  expansion is a 

combination of motor  sy s tem  degenera t ion  and  behavioural  va riant FTLD 

(DeJesus-Hernandez  e t  al., 2011; Boeve et  al., 2012; Hsiung e t  al., 2012; 

Sim on-Sanchez  e t  al., 2012; Snowden et  al., 2012).  Reports  concerning 

o the r  characteris t ics,  including younger  age  a t  onset ,  th e  association with 

florid psychotic sym ptom s ,  and poor ou tcome have by no mean  been 

consis tent (Snowden e t  al., 2012; Floris e t  al., 2012;  Arighi e t  al., 2012;
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Chio et al., 2012; Mahoney et al., 2012; Boeve et al., 2012; Chester et 

al., 2012; Simon-Sanchez et al., 2012; Hsiung et al., 2012).

The literature in the past suggested a link delusional ideation and younger 

Bv-FTLD patients with tau negative pathology, though the anatonnic 

substrate was not fully understood (O m ar et al., 2009; Velakoulis et al., 

2009). I t  is conceivable that these patients described in the may been 

positive for the C9orf72 repeat expansion.

C9orf72 associated disease may also have a distinct radiological and 

pathological signature, with reported involvement of the parieto-occiptal 

cortex and cerebellum, in addition to the expected fronto-tem poral 

disease (Whitwell et al., 2012,; Hsiung et al., 2012; A l-Sarraj et al., 2011; 

Troakes et al., 2011).

Other genes linked to an autosomal dominant pattern of inheritance in 

FTLD include microtubule-associated protein tau (MART), progranulin 

(PGRN), and charged multi-vesicular body protein 2B (CHMP2B) are 

associated with the autosomal dominant form of the disease (Liscic et al., 

2008; Snowden et al., 2007; Piguet et al., 2011).

The PGRN gene is located on chromosome 17q21, encodes the neurotropic 

protein progranulin, and is associated with 5 -1 0 %  of cases of familial 

FTLD. There are rare reports of PGN positive individuals with personal or 

family histories of both FTD and ALS (Lopez de Munain et al., 2008; Spina 

et al., 2007; Mackenzie et al., 2006; Schymick et al., 2007). The poor 

phenotype-genotype correlation and the presence of PGRN negative
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"phenocopies" suggest tha t the mutation may play a disease-modifying 

rather than pathogenic role in FTD. A sim ilar role in ALS is suggested by a 

recent study demonstrating that PGRN variants had a significant effect on 

age of onset and disease progression (Sleegers et al., 2008).

Finally, Parkinson et al (2006) described CHMP2B missense mutations in 

one bulbar onset FALS patient and one ALS-FTD patient but the mutation 

in the latter case was also present in a control which suggests it may be 

in some instances a susceptibility factor.

2.7 Conclusion

There is a neuropsychological, pathological, radiological and genetic 

overlap between ALS and FTLD as part of larger group of 

neurodegenerative conditions now called TDP 43 proteinopathies.

Cognition and behaviour in ALS patients range from entirely normal to 

frank dementia. Standardised methods and large population-based cross- 

sectional and longitudinal studies are needed to generate a clear 

demographic profile for cognitive impairment in ALS and determine 

whether the distinctions between the various subgroups persist with time.

There are documented pathological differences between ALS and FTLD in 

the topographical distribution and histological pattern of the TDP-43 

aggregates. These suggest that these clinical syndromes may represent
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distinct pathological entities rather than variations within a single disease 

spectrum.

Despite the  available technology, neuroimaging has failed so far to 

dem onstrate  unequivocally w hether ALS-FTD is a distinct subgroup of ALS 

with unique radiological correlates or if there  is a continuous spectrum of 

various degrees of frontotemporal involvem ent in ALS. Common  

limitations of ALS imaging studies include small numbers, preoccupation  

with the motor regions, lack of comprehensive neuropsychological 

profiling, and limited longitudinal follow up.

Genetic overlap between ALS and FTD is evident, but the degree of 

overlap remains unclear. I t  m ay be tha t the gene of m ajor effect for one 

phenotype acts as a modifier for another. The existing data argue in 

favour of disease heterogeneity , with overlap between ALS and FTLD, 

rather than a disease continuum. Ultimately, longitudinal studies of large 

cohorts with deep phenotyping, genetics, and pathology will be required to 

characterize the clinical syndromes of ALS and FTLD.
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3.1 Introduction

Social cogni t ive  n e u ro s c ie n c e  is an  e m e r g e n t ,  interd iscipl inary field 

d e v o te d  to  t h e  s tu d y  of t h e  neurobiological  p r o c e s s e s  under ly ing social 

in te rac t ions ,  a n d  t h e  behav ioura l  co r re l a t e s  of t h e  b re a k d o w n  in t h e s e  

p r o c e s s e s  (Adolphs ,  2 0 0 9 ;  Abu-Akel and  S h a m a y -T s o o r y ,  2 0 1 1 ) .  Initial 

r e s e a r c h  in social cognit ion focused  on Autistic S p e c t ru m  Disorders ,  

frontal lobe injury,  a n d  o t h e r  d i so rde r s  w h e r e  difficulties in social skills 

r e p r e s e n t e d  a core  f ea tu re .  More recently ,  ab n o rm a l i t i e s  in social 

cognit ion h a v e  b e e n  re p o r te d  in a mult iple neuro logica l  condi t ions  ranging  

f rom Alzhe imer ' s  d i s e a s e  to  sp inoce rebe l l a r  a tax ia  (Bediou e t  al.,  

2 0 0 9 ;S o k o lo v s k y  e t  al.,  2 010 ) .

The  s tu d y  of  social cogni t ion in n e u r o d e g e n e r a t i v e  d i so rde r s  is dr iven by 

severa l  the o re t ic a l  and  pract ical  implicat ions.  The  e m e rg in g  l i te ra ture  

s u g g e s t s  t h a t  social cogni t ive skills a r e  s u b  s e rv e d  by a com plex  f ron to -  

s tr iatal  n e tw o rk ,  with likely r ight  h em is p h e r ic  p r e d o m i n a n c e  (Adolphs,  

20 0 9 ;  Abu-Akel  a n d  S h a m a y -T so o ry ,  2 0 1 1 ;  Tranel  e t  al. ,  2 0 0 2 ;  Rankin e t  

al.,  2 0 0 6 ) .  The  p rog re s s ive  n a t u r e  of t h e  pathologica l  p ro c e s s  in 

n e u r o d e g e n e r a t i v e  d i so rde r s  p rov ides  a va luab le  oppo r tun i ty  for  

u n d e r s t a n d in g  t h e  underly ing  neura l  u n d e rp in n in g s  of  social cognit ive 

p ro c e s s e s ,  part icu la rly  in d iso rde rs  cha ra c te r i z e d  by a s y m m e t r i c a l  o n s e t ,  

such  as  Id iopa th ic  Park inson 's  d i s e a s e  (PD).
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Behavioural changes observed in neurodegenerative conditions have been 

linked to right hemispheric involvement (Rosen et al., 2005; Rankin et al., 

2006; Palmieri et al., 2010), and are often similar to those observed in 

patients with known social cognitive deficits, including symptoms such as 

apathy, reduced empathy, and disregard for social norms (Strong et al., 

2009; Girardi et al., 2011; Meier et al., 2010; Piguet et al., 2011; 

Martinez-Corral et a!., 2010; Millar et al., 2006; Henry et al., 2009; 

Fernandez-Duque et a!., 2010; Shamay-Tsoory et al., 2010). A better 

grasp of social cognitive deficits in neurodegenerative disorders may help 

explain, and possibly predict behavioural changes in neurodegenerative 

disorders.

Furthermore, there is growing evidence suggesting tha t several 

neuropeptides including dopamine, oxytocin, and vasopressin may play 

integral roles in social cognition (Abu-Akel and Shamay-Tsoory, 2011; 

Skuse and Gallagher, 2009). The implications of these findings extend 

beyond explaining abnormal behaviour in conditions such as PD where 

there is a known deficiency in one of these peptides. New research is now 

focused on using these observations to explore possible therapeutic 

options for behavioural changes in neurodegenerative conditions (Finger, 

2011; Jesso et al., 2011).

This review aims to summarize some of the basic components of social 

cognition and to discuss the literature pertinent to neurodegenerative 

conditions that has been published in the last ten years.
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A sy s tem at ic  l i terature search  of the  "Pubm ed"  and "Embase"  d a tab a se s  

was carried ou t  in the  period extending from June  to S e p te m b e r  2011, 

using keywords th a t  included "social cognition," " theory  of mind," 

" e m p a t h y , "  and  "mentalizing".

Only papers  published in English were  reviewed. Article selection 

d ep en d e d  on originality and  relevance.  S tudies  lacking healthy controls 

were  excluded. Studies focused on emotional decision making, or on the  

effects of neurosurgical  interventions  were  considered beyond the  scope of 

this review. References  published more  than  10 years  ago (before  2001),  

case  reports ,  conference abs t rac ts ,  reviews, and  editorials were  only 

included if they  provided unique or historical d a ta  or com m ents .

3.2 Major Components of Social Cognition & Their 

Anatomical Correlates

Successful social interaction requires  a t  leas t  two overlapping s teps ;  (1) 

perception and processing of social signals pertaining to o ther  individuals'  

emot iona l s ta t e  and intentions;  (2) formulation of appropr ia te  responses  

to t h e s e  signals.

Lesion s tudies  and functional imaging have  implicated several  regions in 

th e  perception and processing of non-verbal social signals including 

inferio-lateral temporo-occipital  neocor tex,  ventro-media l  prefrontal 

cortex,  th e  inferior occipital gyrus,  the  middle /super io r tempora l sulcus.
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anterior temporal lobe, basal ganglia, and the amygdala (Adolphs, 2009; 

Sabatinelli et al., 2011; Tranel et al., 2002).

The available data suggests that brain regions show a varying specificity 

to social cues depending on the stimulus modality (e.g. auditory versus 

visual), and on whether the signal is a static form (e.g. a human face), a 

biological movem ent (e.g . moving arm ), or an emotionally charged 

stimulus (e.g . an angry face). In addition, there is evidence for at least 

some degree of emotion-specific neural representation (Fusar-Poli et al., 

2009; van de Riet et al., 2009). The classical example is the amygdala 

which is consistently linked to processing fear, an observation that would 

be consistent with its known function in continuous environmental 

surveillance for potential threats (Fusar-Poli et al., 2009; van de Riet et 

al., 2009; Adolphs, 2009).

An integral component of processing social signal is an extensively 

investigated phenomenon term ed theory of mind (ToM) or mentalizing. 

ToM refers to the ability to attribute independent "m ental states", 

including knowledge, beliefs and motives to other individuals in order to 

understand, and predict their behaviour (Premack, 1978).

It  has been proposed that there are at least two m ajor ToM 

subcomponents (Sham ay-Tsoory and Aharon-Peretz, 2007). The first is 

concerned with the ability to recognise that another individual may have 

knowledge, and beliefs which are different from one's own beliefs (Abu- 

Akel and Shamay-Tsoory, 2011; Shamay-Tsoory and Aharon-Peretz, 

2007 ). This is termed "cognitive" ToM, and has been linked to the
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tem poro-parietal junctions, and dorsolateral prefrontal cortex (Kalbe et 

al., 2010; Abu-Akel and Shamay-Tsoory, 2011 ). Tasks evaluating 

"cognitive" ToM often include first-order false belief tasks which test the 

ability to attribute a false belief to another person; and second-order 

belief tasks which are more complex, and test the ability to recognize that 

one individual may hold a false belief about a second individual's 

beliefs/knowledge (Perner J, 1985).

The second proposed subcomponent of ToM is "affective" ToM, which 

describes the ability to infer another person's emotional state, or how they 

are feeling (Abu-Akel and Shamay-Tsoory, 2011). Abnormalities in 

"affective" ToM skills are closely linked to lack of em pathy, aberrant social 

conduct, and criminal behaviour (Sham ay-Tsoory et al., 2010; Sham ay- 

Tsoory et al., 2009). A frequently used test of "affective" ToM is Reading 

the Mind in the Eye test (RME) which evaluates the ability to select the 

word that most accurately describes the feelings of individuals using 

photographs of their eye region (Baron-Cohen et al., 1997).

Although it has been shown that "cognitive" and "affective" ToM can be 

dissociated (Kalbe et al., 2010; Shamay-Tsoory and Aharon-Peretz, 

2007 ), everyday life social interactions often require contributions from  

both components. The classical example is recognition of a social faux 

pas, for example "Paul does not know that what he said to the little girl is 

insulting" (cognitive ToM); the little girl will feel insulted or hurt (affective 

ToM). The same often applies for understanding higher order social 

concepts such as irony, sarcasm and often humour.
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Affective Tol^ is largely sub served by the ventro-m edial prefrontal cortex 

(VMPC) and the orbitofrontal cortex (OFC), particularly in the right 

hemisphere. These brain regions are also believed to be integral for 

evaluating the socio-emotional significance of social signals, and 

modulating behavioural responses, though different mechanism are 

employed by each region.

It  has been proposed that the VPMC functionally is subdivided into three  

interlinked regions: two frontopolar or rostral regions (the anterior rostral 

region or arVPMC and the posterior rostral region or PrVPMC), and one 

orbital region (orbVPMC)(Amodio and Frith, 2006). The arVPMC is 

thought to be crucial in formation of a mental representation of one's self, 

which is then used to evaluate the relevance of stimuli whether internal 

(e.g. pain) or external (e.g . angry face), and to generate an appropriate 

response. Lesions are often associated with apathy, anti-social behaviour, 

and decreased empathy for others. The PrVPMC, which has close 

connection with the lateral prefrontal cortex, parietal cortex, and 

supplementary motor areas, is linked to the executive control of 

attention, error monitoring, conflict resolution, and inhibition of 

unwanted responses (Amodio and Frith, 2006).

The frontopolar region has also been shown to be integral to the ability to 

distinguish one's self from others, and the ability to suppress one's own 

perspective in order to take another person's perspective (Ruby and 

Decety, 2004; Ruby and Decety, 2003).
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On the other hand, the orbVPMC, along with orbitofronta! cortex (OFC), 

are thought to evaluate social stinnuli based on their possible outcomes 

and potential for reward or punishment (Amodio and Frith, 2006; Adolphs, 

2009).

The same brain regions are also believed to be involved in processing of 

autonomic and visceral aspects of emotion, and in the integration of 

emotional responses into decision making processes, as proposed by the  

"somatic m arker" hypotheses (Lane, 2009; Amodio and Frith, 2006).

The ability to emotionally empathise with others has been closely linked to 

affective ToM, and intact OFC and VPMC function (Sham ay-Tsoory, 2011; 

Montag et al., 2008; Rankin et al., 2006). The exact mechanism by which 

empathy takes place is not fully understood but the "m irror neuron 

system" has been proposed. It  has been shown that the anterior 

cingulate gyrus and anterior insula are activated not only when an 

important stimulus such as pain or social rejection takes place (or is 

recalled), but also when one observes someone else's pain or emotion 

(Botvinick et al., 2005; Wicker et al., 2003). This may allow us to mirror 

someone else's perceived emotion, and thus "feel someone else's pain".
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3.3 Social Cognition in Neurodegenerative Diseases

3.3.1 Frontotemporal Lobar Degeneration (FTLD)

FTLD is a l i e te rogeneous  group of degenera t ive  brain disorders  

character ized by atrophy of the  frontal and tempora l  lobes (Kessels e t  al., 

2007) The in te res t  in investigating social cognition in FTLD is largely 

fuelled by the  challenging na ture  of making the  diagnosis in the  

behavioural -var iant of this disorder (Bv-FTLD) (Piguet e t  al., 2011; Diehl- 

Schmid e t  al., 2007;  Torralva e t  al., 2009) .

The clinical picture in Bv-FTLD is domina ted  by gross  breakdown in 

behaviour,  and social conduct which,  in the  early s tages ,  can be 

assoc iated with normal imaging a n d /o r  normal execut ive function 

(Torralva e t  al., 2009; Piguet e t  al., 2011; Snowden et  al., 2003) .  Thus  

the  diagnosis of Bv-FTLD is often reliant on behavioural  repor ts  obta ined 

from carers  (Piguet e t  al., 2011).  These  reports  can be inconsistent,  

subjective,  and influenced by culture and personal  exper iences.

A role for social cognition in early diagnosis of Bv-FTLD has  been 

proposed. In the  last decade ,  a series  of small s tudies  reported  a range of 

social cognitive abnormalit ies in Bv-FTLD patients,  including abnormalit ies  

in ToM (particularly "affective" ToM), detection of gaze  direction, and  

recognition of facial a n d /o r  prosodic emotional express ions ,  in particular 

negative emotions  such as  fear and an g e r  (Keane e t  al., 2002; Gregory e t  

al., 2002;  Fernandez-Duque  and Black; 2005,  Bediou e t  al., 2009; Diehl- 

Schmid e t  al., 2007; Esiinger e t  al., 2007; Kessels e t  al., 2007; Kosmidis
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e t  al., 2008; Lavenu and Pasquier,  2005; Rosen e t  al., 2004; Torralva e t  

al., 2009; Werner  e t  al., 2007; Zahn e t  al., 2009;Kipps  e t  al., 2009a) .

Studies  have  also shown th a t  Bv-FTLD patients  have  difficulties in 

identifying social concepts ,  judging the  appropr ia te  plan of action in social 

di lemmas,  recognising sarcasm ,  and differentiating minor social 

t ransgress ions  from serious moral violations (Zahn e t  al., 2009; Kosmidis 

e t  al., 2008; Esiinger e t  al., 2007; Lough e t  al., 2006; Shany-Ur e t  al., 

2011; Lough e t  al., 2006; Grossman e t  al., 2010; Mendez e t  al., 2005a) .  

Imaging studies  have  sugges ted  th a t  poor moral ju d g e m e n t  and socio- 

pathic behaviour in Bv-FTLD may be linked to involvement  of the  VMPC 

and right temporal lobe, regions believed to play an critical role on social 

cognition (Grossman e t  al., 2010; Mendez e t  al., 2005b;  Abu-Akel and 

Shamay-Tsoory ,  2011; Mahoney e t  al., 2011).

Other  studies reported  th a t  poor performance  on social cognitive ta sks  in 

Bv-FTLD correlated with marked  behavioural  abnormalit ies,  reduced 

em pathy ,  and right hemispheric  atrophy,  particularly in the  orbito-frontal 

and superior  tempora l regions (Gregory et  al., 2002; Zahn e t  al., 2009; 

Lough e t  al., 2006).

It is tempting ,  in the  presence  of t h e se  observations ,  to a tt r ibute  the  

behavioural  and social abnormalit ies in Bv-FTLD to breakdown in social 

cognitive skills. However, the  l iterature m us t  be in te rpre ted  with caution, 

taking into consideration possible confounding factors.
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ToM tasks, particularly tasks involving stories, are often mentally 

demanding. Bv-FTLD patients can have executive dysfunction with poor 

working memory, and short attention spans. It  is important to ensure that 

the observed deficits are not a reflection of other cognitive abnormalities. 

(Fernandez-Duque et al., 2009; Fernandez-Duque et al., 2010).

Dissociating the processes involved in social behaviour from other 

cognitive domains is difficult. Goal directed social behaviour requires 

identification of target behaviour, inhibition of on-going activity, review of 

results, monitoring of errors, awareness of other's mental states and 

environmental changes, and use of pre-existing stored rules and 

experience. Thus, successful social behaviour involves high level 

cognition, integrating many subordinate processes from different circuits 

including executive function, attention and episodic memory (Adolphs, 

2009).

Secondly, frontal pathology is often associated with a tendency to literal 

interpretation of events, which can lead to a general difficulty in the 

interpretation of social scenarios or humorous cartoons, even when they  

do not depend on attribution of mental states (Adenzato et al., 2010).

Some studies attem pted to address these issues by comparing 

performance on paired "physical" and "m ental" cartoons or stories. The 

humour in the "m ental" cartoons/stories depends on the ability to 

attribute mental states to other people, such as a character having a 

mistaken belief, while humour in "physical" cartoons/stories relies on 

physical abnormalities. There is a considerable discrepancy in the results
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reported by studies  employing th e se  paired tasks ,  with a clear tendency  

for s tudies  reliant on ear ly-s tage  (as  opposed  to la te /mixed s tage)  

patients  to  report  findings sugges tive  of domain-specific ToM 

abnormalit ies,  as  evidenced by a d isproport ionate  im pairment  in "menta l"  

compared  to  physical t a sks  and lack of correlation be tween  ToM scores  

and executive  function (Gregory e t  al., 2002; Lough e t  al., 2006; Keane et  

al., 2002).  It has  been  proposed th a t  a specific ToM deficit may be 

p resen t  in ear ly -s tage  Bv-FTLD, where  pathology would be expected  to be 

limited to orbitofrontal regions, while in advanced  cases  executive 

dysfunction and  concre teness  of though t  increasingly contribute to poor 

pe rform ance  (Lough e t  al., 2006; Adenzato e t  al., 2010).  This sugges ts  

th a t  social cognition may indeed have  a role in early diagnosis  of Bv-FTLD.

A case-control  s tudy investigating recognition of facial express ions  of 

emotion (FEE) in Bv-FTLD patients  reported  high sensitivity and  specificity 

in differentiating early Bv-FTLD from healthy controls. A large s tudy 

d e m o n s t ra t ed  tha t  specific pa t te rns  of abnormal sp o n tan eo u s  social 

behaviour can be successfully used to differentiate Bv-FTLD and semant ic  

dement ia  from disease  mimics, including psychiatric conditions, and  o the r  

neurodegenera t ive  conditions (Rankin e t  al., 2008).

Recent repor ts  su g g es t  th a t  screening te s t s  combining social cognition 

ta sks  with "non-t radit ional" executive tasks ,  such as  complex decision

making ta sks ,  may be super ior to traditional execut ive t e s t s  in early 

diagnosis of Bv-FTLD (Torralva e t  al., 2009; Gleichgerrcht e t  al., 2010;  

Funkiewiez e t  al., 2011) .
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Thus, the  available da ta  a rgues  for the  need for fur ther  research into the  

role of social cognition in early diagnosis of Bv-FTLD, particularly in the  

context of repor ts  of Bv-FTLD patients  with normal brain scans  but 

abnormal ToM scores  (Gregory e t  al., 2002; Kipps e t  al., 2009b).  

Neuropeptides  linked to social cognitive processing are  now under  

investigation a s  potential  the rapeu t ic  options for the  behavioural  fea tures  

of Bv-FTLD, with promising preliminary results  (Finger,  2011; Jesso  et  al., 

2 0 1 1 ).

3.3.2 Dementia of the Alzheimer's Type (DAT)

DAT is a neurodegene ra t ive  disorder characte ri sed by progressive 

cognitive decline, often with early and prominent im pairment  of episodic 

memory .  Behavioural chan g es  including irritability, aggress iveness ,  and 

apa thy  are  frequently  reported  in DAT, and have been  shown to predict 

cognitive,  and  functional decline,  and to increase  carer  burden 

(Cummings,  2005; Serra  e t  al., 2010).  The underlying pa tho-m echan ism  

of t h e se  sy m p to m s  is poorly unders tood .

Several  studies  investigating ToM abilities in DAT patients  reported deficits 

primarily on second-o rde r  belief ToM tasks ,  which are  usually p resen ted  in 

a story narrat ive  (Gregory e t  al., 2002; Cuerva e t  al., 2001; Zaitchik e t  

al., 2006; Zaitchik e t  al., 2004;  Fernandez-Duque  e t  al., 2009).  These  

ta sks  clearly place heavy  d e m a n d s  on recen t  and  working memory ,  

rendering the  in terpre ta tion of th e  results  of t h e se  studies  difficult.
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One investigation addressed this issue by employing minimally demanding 

cartoon-based tasks (Verdon et al., 2007).  Compared to healthy controls, 

DAT patients had significant difficulties in grasping stories that require 

intact ToM for their comprehension, but not stories with events dependent 

on a physical cause involving either objects or people. This suggested a 

specific ToM abnormality in DAT that does not extend to a general failure 

to reason about physical causality.

A recent study (Castelli et al., 2011) adopted a "neuro-developmental 

stance"(Gregory et al., 2002) by using a specifically designed six-level 

battery ranging from basic skills acquired in early infancy to more 

complex skills not fully developed till early adolescence. The results 

suggested that advanced-level ToM skills may be the first to be affected in 

DAT, followed by "decay" of more basic skills in the advanced stages. 

Significant correlations were documented between even the most basic 

ToM tests and executive tasks reliant on intact reasoning, verbal fluency, 

abstraction, and making inferences.

Abnormalities in visual and/or auditory recognition of basic emotions are 

frequently described in DAT patients, in particular when static or 

ambiguous images are used (Wiechetek Ostos et al., 2011; Phillips et al., 

2010; Hargrave et al., 2002; Henry et al., 2008; Weiss et al., 2008; 

Spoletini et al., 2008; Kohler et al., 2005; Burnham and Hogervorst, 

2004; Shimokawa et al., 2001; Bediou et al., 2009; Fernandez-Duque et 

al., 2010). Similar deficits have been reported in amnestic mild cognitive 

impairment (aMCI) (Burnham and Hogervorst, 2004; Spoletini et al., 

2008; Teng et al., 2007), particularly in patients with multi-domain
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involvement, a subgroup that has been shown to have a high risk of 

progression to DAT (Mitchell et al., 2009). One report suggested that 

impaired recognition of FEE may mark the transition from aMCI to early 

dementia, reflecting the progression of neurodegeneration from entorhinal 

cortex, and hippocampus towards the lateral temporal neocortex (Bediou 

et al., 2009).

Few studies reported that emotional processing abnormalities in DAT 

patients were independent of from general cognitive (Bediou et al., 2009; 

Hargrave et al., 2002 ), while other studies described significant 

correlations with in verbal memory, executive function, or visuo- 

perceptual skills (Spoletini et al., 2008; Teng et al., 2007; Burnham and 

Hogervorst, 2004). One investigation linked impaired FEE processing in 

DAT patients with right hemispheric involvement (Luzzi et al., 2007). The 

authors examined the recognition of two basic emotions 

(happiness/sadness) in a relatively large cohort of DAT patients, using a 

simple task reliant on chimeric cartoon faces. The subgroup of DAT 

patients with worst FEE recognition did not have the worst overall 

cognitive performance, indicating that this was not a symptom of 

dementia severity, but had significant visuo-spatial and non-verbal 

memory impairm ent, predominately right hemispheric functions.

While it is evident from comparative studies that social cognitive deficits in 

DAT patients, changes are less marked than those observed in Bv-FTLD 

patients (Shany-Ur et al., 2011; Kipps et al., 2009a; Kipps et al., 2009b; 

Mendez et al., 2005a; Fernandez-Duque and Black, 2005; Gregory et al., 

2002; Funkiewiez et al., 2011 ), it is unclear if, when present, they are
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predictive of behavioural change. One study reported that in FEE 

recognition abilities in DAT patients, not MMSE scores, correlated with 

deterioration in behaviour (Shimokawa et al., 2001). Behavioural 

information was obtained from hospital staff caring for the patients, rather 

than their primary care-givers who would be more fam iliar with the 

patients' pre-morbid behaviour. More systematic investigations of the link 

between social cognitive skills in DAT patients, and deterioration in 

interpersonal behaviour are needed.

3.3.3 Amyotrophic Lateral Sclerosis (ALS)

A relatively small number of studies have endeavoured to investigate 

social cognition in ALS, despite evidence of right hemisphere dysfunction 

being a substrate of at least some of the emotional and cognitive changes 

in ALS (Murphy et al., 2007b; Palmieri et al., 2010).

An early study reported that ALS patients lacked the expected pattern of 

enhanced memory for emotional (as opposed to neutral) phrases, but no 

deficits were identified in recognition of facial expressions or social threats 

(Papps et al., 2005).

A subsequent investigation suggested tha t while ALS patients had no 

difficulty in recognising "approachable" or "trustw orthy" faces, they were 

significantly less likely to recognise negative facial clues that would raise 

concern in controls (Schmoick et al., 2007). There was no association
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between cognitive function, and ALS patients' inability to detect facial 

features of "untrustworthiness".

Another study reported that ALS patients had deficits in recognition of 

facial expressions of emotion, with two-thirds of an ALS cohort scoring 

below the fifth percentile of controls, while having no evidence of 

depression, memory, or cognitive symptoms on screening (Zim m erm an et 

al., 2007 ). Prosodic recognition of emotional stimuli was intact. The study 

was limited by exclusive recruitm ent of patients with bulbar-onset 

disease, and the use of MMSE for cognitive screening, a test that tends to 

be crude and not sensitive to executive dysfunction which is the most 

frequent cognitive change in ALS (Strong et al., 2009).

More recent studies confirmed im pairm ent of FEE recognition in ALS 

patients (Girardi et al., 2 0 1 1 ), and demonstrated deficits in recognition of 

prosodic expressions of emotions (M eier et al., 2010).

ALS patients have also been shown to have more complex deficits in 

emotional processing, leading to a tendency to have more positive 

subjective ratings of pleasant/unpleasant stimuli, and to "neutralize" 

extrem e stimuli by rating intense stimuli as less exciting, and being more 

responsive to calm /neutral stimuli (Lule et al., 2005).

The first study to investigate ToM in ALS patients compared performance 

on "m ental/social" and "physical" cartoons/stories (Gibbons et al., 2007). 

Twenty-five per cent of patients were significantly impaired on at least 

one ToM measure. The trend for patients to perform worse than controls
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did not  reach statistical significance. Im pa i rm en t  on "menta l"  ta sks  was 

not d isproport ionate  to t h a t  observed on "physical" tasks .

Recent s tudies  have  reported  ToM changes  in ALS pa tients  t h a t  s ee m  

independen t  of executive function. Meier e t  al reported deficits in social 

faux pas  recognition th a t  persisted after adjusting for executive 

impairment.  (Meier e t  al., 2010) Cavallo e t  al described difficulties in 

completing comic-strips depicting "social" (as  opposed  to "non-social")  

scenarios ,  which d em o n s t ra t ed  no correlation with executive function 

(Cavallo e t  al., 2011).

ToM deficits in ALS patients  have  also been identified using the  Ju d g m en t  

of Preference ta sk  (Girardi e t  al., 2011),  a minimally demanding  task  

th a t  has  been  shown to be highly sens it ive to ToM changes  in Bv-FTLD 

(Snowden  e t  al., 2003).  The task  entails  the  ju d g e m e n t  of the  prefe rence  

of a car toon-face  using gaze  direction. Girardi e t  al (2011)  reported tha t  

4 3 %  of a cognitively intact ALS cohort  had abnormal pe rformance  on the  

J u d g e m e n t  of Preference ta sk  compared  to none of the  healthy controls, 

desp ite  lack of a significant difference be tween  the  two groups on RME 

task.

If t h e se  findings are  replicated in larger cohorts ,  this would merit  fur ther 

investigation into w h e th e r  th e  independence  of executive dysfunction and 

social cognitive functioning in ALS is a consequence  of he te rogeneous  

p a t te rn s  of prefrontal  cortical involvement in the  ALS pa tients  (Abrahams,  

2011 ).
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3.3.4 Parkinson's disease (PD)

PD is predominantly  a moto r  d isease  associa ted  with a triad of t rem or ,  

bradykinesis and rigidity, and charac te rized by progressive degenera t ion  

of the  dopaminerg ic  neurons  in the  basal ganglia (Monetta e t  al., 2009).  

There  has  been a recent in terest  in the  cognitive and behavioural  changes  

th a t  can occur in PD, which have  been  att r ibuted to disruption of fronto- 

striatal circuits due  to impaired dopam ine  re lease  (Zgaljardic e t  al., 2006; 

S aw am oto  e t  al., 2008).  These circuits (which include the  st r ia tum and 

prefrontal cor tex),  and possibly dopamine  itself a re  likely to be critical 

factors in maintaining normal social cognitive function (Skuse  and 

Gallagher,  2009; Bodden e t  al., 2010a ;  Adolphs, 2009).

Initial investigations in PD focused on recognition of basic emotions.  

Several  case-control  studies reported  th a t  PD patients  have  an impaired 

ability to recognise  facial, and to a lesser ex ten t  prosodic express ions  of 

emotion,  particularly disgust ,  fear and a n g e r  (Mengelberg and Siegert ,  

2003; Mimura e t  al., 2006; Pell and  Leonard,  2005; Kan et  al., 2002; 

Kawamura ,  2007; Bodden e t  al., 2010b; Pell and  Leonard,  2003; Yip et  

al., 2003;  Assogna e t  al., 2010; Clark e t  al., 2008; Ariatti e t  al., 2008; 

Lawrence e t  al., 2007; Dujardin e t  al., 2004; Suzuki e t  al., 2006).  

Although the  neural  basis of t h e se  deficits is not fully unders tood, the  

s tr ia tum, a primary ta rg e t  of pathology in PD, the  insula, and amygdala  

have  been  implicated (Fusar-Poli e t  al., 2009; Wicker e t  al., 2003; 

S prenge lm eyer  e t  al., 2003; Kan e t  al., 2002; Yoshimura e t  al., 2005; 

Harding e t  al., 2002).
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Saltzman and colleagues undertook the first investigation of the PD 

patients' ability to attribute independent mental states to other individuals 

(Saltzman et al., 2000). The authors reported impaired ToM skills in PD 

patients compared to the healthy elderly population. Subsequent studies 

confirmed this finding, and suggested that, in contrast to Bv-FTLD, 

"cognitive" rather than "affective" ToM tends to be predominantly affected 

in PD (Mimura et al., 2006; Bodden et al., 2010b; Mengelberg and 

Siegert, 2003; Yu et al., 2011). Deficits in more general pragmatic 

communication skills, and in higher-order abilities, such as identification of 

irony have also been reported (Monetta et al., 2009; McNamara and 

Durso, 2003; Monetta et al., 2008).

Although there is accumulating data on social cognitive abnormalities in 

PD, the evidence is not conclusive. The m ajority of studies reporting 

abnormal findings rely on cohorts of advanced/m ixed-stage PD patients. 

Studies vary widely in the proportion of patients on dopaminergic 

medication, with conflicting reports on the effect of these medications on 

social cognitive performance (Peron et a!., 2009; Roca et al., 2010; 

Saltzman et al., 2000; Sprengelmeyer et a!., 2003). In addition, social 

cognitive deficits tend to be identified mostly in PD cohorts displaying 

executive dysfunction, and/or significant depression or apathy, although 

no correlation is often found between scores in the different domains 

(Mimura et al., 2006; Roca et al., 2010; Bodden et al., 2010b; Peron et 

al., 2009; Mengelberg and Siegert, 2003; Kan et al., 2002, Martinez- 

Corral et al., 2010; Tsuruya et al., 2011).
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Peron et al investigated ToM in more homogeneous patient subgroups 

(Peron et a!., 2009 ). Patients with advanced PD were impaired on the 

"cognitive" ToM tasks, while there was no significant difference between  

early-stage PD patients, and controls on any of the ToM tasks. Although 

subsequent studies suggested that cognitive ToM deficits may also be 

present in early-stage PD, patient cohorts in these studies had varying 

degrees of executive impairm ent (Roca et al., 2010; Yu et al., 2011; 

Tsuruya et al., 2011).

It  has been suggested that the link between ToM and executive function 

and mood changes in PD may be the product of a common neuro- 

anatomical substrate, as opposed to a cause-effect relationship (Bodden 

et al., 2010a). PD patients tend to perform poorly on executive tasks 

reflecting working memory and set shifting (Saltzm an et al., 2000; 

Mimura et a!., 2006; Roca et al., 2010; Peron et al., 2009; Bodden et al., 

2010b). These processes are dependent on the function of dorsolateral 

prefrontal cortical-subcortical circuitry, which is believed to be affected at 

an early stage in PD (Zgaljardic et al., 2006; Bodden et al., 2010a). This 

circuit is also closely linked to "cognitive" ToM (Kalbe et al., 2010; Abu- 

Akel and Shamay-Tsoory, 2011). Involvem ent of the orbitofrontal circuit 

in later stages of PD may be responsible for im pairm ent of affective ToM 

in the advanced stages (Bodden et al., 2010b; Bodden et al., 2010a). The 

demonstration of the involvement of the anterior cingulate circuit in PD 

patients, which includes the ACG may explain the recent report linking 

isolated apathy in PD patients to ToM abnormalities (Martinez-Corral et 

al., 2010).
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Larger studies based on homogeneous PD cohort are needed to 

disentangle the effects of domains with shared-neuroanatomical 

correlates, such as executive function and cognitive ToM, and to 

investigate the temporal relationships of the different abnormalities with 

regard to motor aspects of the disease.

3.3.5 Other Neurodegenerative Conditions

Huntington's disease (HD) is an inherited autosomal dominant disorder, 

characterised by chorea, and cognitive decline. HD patients often display 

evidence of self-centredness, an inability to empathise with others, and 

decline in interpersonal relationships (Snowden et al., 2003).

Snowden et al compared ToM skills in HD to that of Bv-FTLD patients 

(Snowden et al., 2003). Although HD patients had no difficulty attributing 

an independent mental state to other individuals, they tended to make 

incorrect, and often unusual, conclusions about these individuals' beliefs 

or thoughts. Two subsequent studies reported significant ToM impairment 

in HD patients relative to healthy controls (Brune et al., 2011; Allain et 

al., 2011). However, the HD cohorts in both studies had significant 

executive impairment, which correlated with at least some of their ToM 

scores (Allain et al., 2011 Brune et al., 2011).

Multiple reports suggest that HD patients (in both manifest and preclinical 

stages) have multimodal deficits in emotional processing that extend to 

decoding facial expressions, prosody, body language, and rating of 

emotional scenes, with some but not all studies suggesting that negative
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emotions such as disgust and anger are disproportionately affected 

(Johnson et a!., 2007; Kipps et al., 2007; l^ilders et a!., 2003; Robotham  

et a!., 2011; Wang et a!., 2003; Aviezer et a!., 2009; Hie et a!., 2011a; 

Hie et a!., 2011b; Calder et a!., 2010; Hayes et al., 2009; Henley et a!., 

2008; de Gelder et al., 2008; Hayes et a!., 2007; Montagne et al., 2006; 

Sprengelm eyer et al., 2006; Hennenlotter et al., 2004; Snowden et al., 

2008; Tabrizi et al., 2009; Eddy et al., 2011). Although, im pairm ent in 

disgust recognition is often attributed to the proposed role of the basal 

ganglia in processing this emotion (Wang et al., 2003; Paulmann et al., 

2009 ), recent studies suggest that anterior insular involvement may be 

the determining factor in HD (Kipps et al., 2007; Hennenlotter et al., 

2004).

A few studies have reported impaired social cognitive skills in patients 

with progressive supranuclear palsy (PSP), cortico-basal degeneration  

(CBD), and REM-sleep behaviour disorders with no evidence of motor 

system involvement (Kawam ura, 2007; Millar et al., 2006; Ghosh et al., 

2009; Shany-Ur et al., 2011). PSP and CBD are of particular interest 

because the localised pathology often observed in these disorders 

(particularly CBD), and the association of both diseases with frontal 

atrophy and tau pathology, which has led to an increased tendency to 

classify them  under the umbrella of FTLD. Reported social cognitive 

deficits in PSP include increased apathy and social withdrawal (Millar et 

al., 200 6 ), impaired recognition of facial and prosodic expressions of 

emotion (Ghosh et al., 2009; Shany-Ur et al., 2011; O'Keeffe et al., 

2007 ), and impaired ability to detect lies or identify intentions of others
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when presented with isolated verbal cues (Shany-Ur et al., 2011). 

Isolated reports suggest that theory of mind and emotional processing 

may also be impaired in CBD patients (Kluger and Heilman, 2007; Chade 

A.R., 201 0 ). There is also evidence suggesting both CBD and PSP patients 

have impaired empathy (Rankin et al., 2006, O’Keeffe et al., 2007), 

which in one study was linked to reduced insight (O'Keeffe et al., 2007). 

Unfortunately the data on both conditions remains too sparse to lead to 

any robust conclusions.

Finally, a few reports have suggested abnormal social cognitive function in 

patients with spinocerebellar degeneration (Sokolovsky et al., 2010; 

Garrard et al., 2008; D'Agata et al., 2011). These preliminary findings 

have led to speculations regarding a possible role for the cerebellum in 

social cognition, but further more detailed investigations are needed

3.4 Conclusion

A growing body of evidence suggests abnormal social cognition in many 

neurodegenerative conditions, particularly emotional processing, and 

theory of mind. However, the frequency, extent, and clinical correlates of 

these abnormalities are not fully established.

The contributions of executive impairm ent, memory dysfunction, and

mood changes to the social cognitive deficits reported in 

neurodegenerative disorders are yet to be untangled. This is complicated 

by the possibility of shared neuroanatomical substrates between these
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cognit ive d o m a in s ,  and  th e  h e a v y  d e m a n d s  placed by goal  d i rec ted  social 

b eh av io u r  on o t h e r  cognit ive p ro c e s s e s .

In d e e d  t h e  in te rac t ion  b e t w e e n  t h e s e  d o m a in s  m a y  be m o re  com plex  th a n  

previously th o u g h t .  I t has  b e e n  s how n  t h a t  individuals  with DAT-type 

pa tho logy  w ho  h a v e  large social n e tw o rk s  display signif icantly less 

cogni t ive im p a i r m e n t  dur ing life c o m p a r e d  to  individual with smal l  social 

ne tw o rk s ,  de s p i t e  s imilar  d i s e a s e  load a t  a u t o p s y  (B e n n e t t  e t  al.,  2006) .  

The modifying ef fec t  of social n e tw o rk  size w as  m o s t  ev id e n t  for  s e m a n t i c  

m e m o r y  and  working m e m o ry .  Clearly,  ef fec t ive social cogni t ive skills a re  

requ i red  to  deve lop ,  and  main ta in  la rge  social ne tw o rk s .  The  ques t ion  

r e m a in s  w h e t h e r  t h e s e  skills p ro te c t  a g a i n s t  cogni t ive decl ine ,  for 

e x a m p le ,  by c o m p e n s a t in g  for  d a m a g e  in o t h e r  cortical reg ions .

Although c u r r e n t  ev idence  s u g g e s t s  t h a t  social cogni t ion m a y  have  a 

p r o m in e n t  role to  play in clinical c a r e  of  n e u r o d e g e n e r a t i v e  condi t ions,  

fu r th e r  la rge -sca le  s tud ie s  a r e  n e e d e d  to  inve s t iga te  t h e  specific 

assoc ia t ion  b e t w e e n  behavioura l  c h a n g e  within n e u r o d e g e n e r a t i v e  

condi t ions  a n d  social cognit ive deficits . T h e s e  inves t iga t ions  n e e d  to be 

careful ly d e s ig n e d  to  a d d r e s s  possib le confound ing  fac to rs  such  as  

im paired  cogni t ion,  physical disability,  a n d  m ood  d i s tu rb a n ce .
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4.1 Introduction

A growing body of evidence s u g g es t s  tha t ,  in contras t  to tradit ional 

teaching, the  neurodegenera t ive  process  in ALS can extend  beyond the  

nnotor neurons  leading to changes  in cognition an d /o r  behaviour.  The 

previous chap te rs  have  also highlighted th e  gaps  th a t  still exist in our 

knowledge abou t  th e se  syndrom es,  which collectively have  been te rm e d  

"frontotemporal  syndrom es  in ALS".

The overall objective of this thesis  is to  provide a meaningful addition to 

the  curren t  unders tanding of fronto tempora l syndrom es  in ALS. In this 

chap te r  th e  specific working hypo the se s  of th e  project  is outlined (one 

primary and  two secondary  hypo theses )  along with the  rationale for th e se  

hypotheses ,  th e  a ims of the  project,  and  the  proposed  m e thods  for testing 

th e se  hypotheses .  The chap te r  is concluded with a justification s t a t e m e n t  

highlighting how the  findings of this thesis  a re  predicted to result in a 

novel, clinically meaningful contribution to ALS research.

4.2 The Primary Hypothesis -

The primary hypothesis of this thesis  is tha t :

Cognitive and behavioural  changes  in ALS pa tients  rep re sen t  phenotypic 

markers  for distinct d isease  sub types ,  with defined clinical characterist ics.
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Background:

ALS is now established as multi-system disease, in which the clinical 

manifestations can include cognitive and behaviour deficits that range in 

severity from subtle changes to frank dementia. The published data 

regarding the true incidence, demographic predictors and prognostic 

implications, if any, of these cognitive and behaviour abnormalities, 

remain highly inconsistent.

This discrepancy in the literature, along with the increasing evidence for 

clinical, pathological, radiological and genetic overlap between ALS and 

FTLD has fuelled a controversy among experts regarding the biological 

substrate of cognitive and behavioural change in ALS. Some experts have 

proposed that existence of a subclinical FTLD syndrome in all ALS patients 

with varying degrees (Girardi et al., 2011, Murphy et a!., 2007b). An 

alternative proposal is that cognitive and behavioural deficits occur in 

specific subgroup(s) of ALS patients, possibly with distinct disease 

characteristics. The concept of distinct disease subtypes implies that 

further heterogeneity in a disease already marked with heterogeneity in 

age of onset, site of onset, and rate of motor progression.

The primary working hypothesis of this thesis is the existence of distinct 

disease subgroups of ALS patients that can be identified by the ir cognitive 

and/or behavioural profile. To adequately test this complex and m ulti

faceted hypothesis, several aims were formulated for this project. These 

are outlined below.
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To ensu re  clarity of presen ta t ion ,  cognitive impairment  is exam ined  

separa te ly  from behavioural  impairment,  and  then  the  two asp ec t s  of the  

s tudy were  am algam a ted .

4.2.1 Aim (1) Cognition:

Aim (1) To invest igate  w h e th e r  the  cognitive s ta tu s  of ALS patien ts  can be 

used  to divide patients  into clearly defined cognitive subg roups  with 

distinct demographic  s ignatures ,  neuropsychological  profiles, and  clinical 

characterist ics.

Rational and Method:

If cognitive function were  to serve  as  a phenotypic  m ark e r  for a distinct 

sub type  (or sub types)  of ALS pa tients  then ,  using an appropria te ly  

designed categor isat ion sys tem  it should be possible to use  th e  cognitive 

s ta tu s  of patients  to subdivide th e  pa tient  cohort  into a t  leas t  two 

subgroups  t h a t  a re  significantly different with regard  to their  

demographic ,  clinical a n d /o r  neuropsychological  profiles.

To adequa te ly  t e s t  this hypothesis  it is imperative to first d o c u m en t  the  

t rue  incidence of fronto tempora l involvement in ALS using a 

represen ta t ive  sample  of ALS patients,  preferably a s s e s s e d  within one 

y ea r  of diagnosis.  A rep resen ta t ive  sample  allows generalization of the  

results,  and reduces  selection bias (Kukull and  Ganguli, 2012).
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A popula tion-based  design is the  most-l ikely type  of s tudy design to yield 

a sannple rep resen ta t ive  of the  ALS population as  whole.  Early a s s e s s m e n t  

of the  pa t ien ts  would exclude the  effect of bias th a t  may occur if certain 

subgroups  had shor te r  survival t ime than  o the r  groups  (survival bias) 

(Kukull and  Ganguli, 2012).

It is also essentia l  to recruit a cohort  of carefully m atched  healthy 

controls for delineating the  limits of abnormal performance  on the  various 

neuropsychological  ta sks ,  as  it has been  shown th a t  published norms are  

often not a d e q u a te  when used in different geographical  locations (Norman 

et  al., 2011; Sosa e t  al., 2009).  The popula tion-based,  case-control  

design of this project  is ideal for t h e se  requirements .

After establishing th e  t rue  popula tion-based incidence and  the  pa ttern  of 

cognitive im pairment  in ALS pat ients ,  th e  next logical s tep  would be to 

invest igate  a m ethod  of cognitive categorisa tion th a t  is likely to identify 

any  naturally exist ing subgroups.

If subg roups  a re  identified, then in depth  comparative  analysis would be 

required to  d o cu m en t  the  p resence  any  meaningful differences in their  

clinical charac teris t ics  an d /o r  neuropsychological  profiles.
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4.2.2 Aim (2) Cognitive Impairment and Prognosis

Aim (2)  To exp lo re  w h e t h e r  t h e  cogni t ive s t a t u s  of  ALS p a t i e n t s  h a s  an 

influence on r a t e  of m o t o r  p rog res s ion  a n d / o r  overal l  survival  t im e

Rational  a n d  Method:

ALS leads  to  p rog re s s ive  para lys is  of  t h e  vo lun ta ry  m usc le s  a n d  ul t imate ly  

d e a t h  (S t ro n g  e t  al.,  2 0 0 9 ) .  H owever ,  t h e  r a t e  of  d i s e a s e  p ro g re s s io n  

a m o n g  p a t i e n t s  is va riab le  (Mandrioli e t  al. ,  2 0 0 6 ;  Czaplinski  e t  al . ,  2 006 ) .  

Identi f icat ion  of  t h e  key fac to rs  t h a t  can  influence o u t c o m e  is a critical 

f ac to r  in effect ive  t iming of  medica l  in t e rven t ions  and  in a p p r o p r i a t e  

s tra t if ica t ion p r o c e d u r e s  in clinical t r ials  (Chio e t  al.,  2 0 0 9 a ;  Miller e t  al.,  

1999 ;  G ordon a n d  Meininger,  2 011 ) .

T h e re  h a v e  b e e n  relat ively few a t t e m p t s  to  inves t iga te  t h e  e f fec t  of  t h e  

cognit ive  im p a i r m e n t  on survival  in ALS p a t i e n t s  (OIney e t  al .,  2 0 0 5 ;  

Rippon e t  al.,  2 0 0 6 ;  Rusina e t  al.,  2 0 1 0 ;  G ordon e t  al .,  2 010 ) .  

Examinat ion  of  t h e  limited avai lable  d a t a  per ta in ing  to  t h e  ef fec t  of  

f r o n to t em p o ra l  s y n d r o m e s  on ALS m o t o r  p rog res s ion  a n d  surv ival  t im e  

r evea ls  inc ons i s t en t  f indings.  This is partial ly a funct ion of t h e  cl in ic -based  

des ign  of t h e  s tu d ie s  publi shed  to  d a t e  and  incons i s tenc ies  in defining 

cogni t ive im p a i r m e n t  a n d  co -m orb id  d e m e n t i a .  Despite  t h e  conflicting 

l i te ra ture ,  it is genera l ly  a c c e p te d  t h a t  co -m orb id  d e m e n t i a  is a s s o c ia t e d  

with w o r se  p rognos is ,  while t h e  p rognos t ic  implicat ions  of m i lder  cognit ive  

im p a i rm e n t  rem a in  to  be  es tab l i shed .
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Within th e  context of the  "continuunn" versus  " subtype"  deba te ,  the  

prognostic innplications of cognitive innpairnnent are  of p a ram o u n t  

importance.  Differences in ra te  of motor  d isease  progression and survival 

t ime a re  unarguably  th e  m os t  clinically re levant differences th a t  can exist 

be tween  disease  subtypes .  If clear prognostic differences exist  be tween 

previously unrecognised sub types ,  then  identification of th e se  sub types  

would be essential  for prognostication purposes  and  for effective 

stratification in future ALS research.

Thus  the  second aim of this s tudy is to (a) examine  the  survival effect of 

co-morbid fronto temporal dement ia  in a popula tion-based cohort  of 

patients  with ALS; and (b) to de te rm ine  w h e th e r  in the  ab sence  of 

dement ia ,  impairment  in different cognitive domains  influence clinical 

outcome.

In this thesi s,  we hypothesized th a t  cognitive im pairment  is associa ted  

with a fa s te r  ra te  of motor progression and a shor te r  overall survival t ime. 

For comparison purposes  moto r  progression is bes t  e s t im ated  using the  

objective decline in a validated functional scale. This can be done 

retrospectively by dividing the  decline in function from a p resum ed  normal 

functional s ta t e  by the  duration of the  illness (t ime from sym ptom  onse t  

to d a te  of a s s e s sm e n t ) .  In addition, the  longitudinal a spec t  of the  s tudy 

would allow prospective  m e a s u r e m e n t  of the  ra te  functional decline. The 

use  of both m e thods  is predicted to yield complimenta ry  results.

Survival t ime  can be m easu red  from sym ptom  onse t  as  per  history 

obta ined from the  patient to da te  of dea th  or alternatively from da te  of
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diagnos i s  by neu ro log is t  to  d a t e  of d e a t h .  The  fo r m e r  option is likely to  be 

m o re  a c c u r a t e  a s  it avoids  a n y  bias d u e  to  lag in d iagnosis .  For survival  

c o m p a r i s o n s  to  yield meaningfu l  r esu l t s ,  m u l t iva r ia te  m ode ls  m u s t  utilized 

to  a d j u s t  for  potentia l  confounding  fac to rs  such  as  a g e ,  s i te  of  o n s e t  or  

d i s e a s e  sever i ty .

4.2.1 Aim (3) Behaviour:

Aim (3)  To inve s t iga te  if behav ioura l  function in ALS p a t ien ts  can  be  used  

to  divide p a t i e n t s  into clearly def ined  dist inct  s u b g r o u p s  with specif ic 

behav ioura l  p a t t e r n s ,  d e m o g ra p h ic  profiles,  a n d  clinical charac te r i s t ics .

Rationale a n d  M e t h o d s :

Behavioural  c h a n g e s  re p o r te d  in ALS ra n g e  f rom sub t le  c h a n g e s  t h a t  only 

e m e r g e  on de ta i led  ques t ion ing  of  c a r e  g ivers ,  to  s e v e r e  abnorm a l i t ie s  

t h a t  fulfil t h e  cri ter ia  of behav ioura l  v a r ia n t  FTLD (Bv-FTLD)(Strong e t  al.,  

2 009 ) .  Behav ioural  s tu d ie s  a r e  chal lenging  b e c a u s e  t h e y  a r e  rel iant  on 

behav ioura l  r e p o r t s  ob ta ined  f rom th e  ca re rs .  T h e s e  r e p o r t s  can  be 

inc ons i s ten t  a n d  sub jec t ive .  Few s tu d ie s  h a v e  a t t e m p t e d  to  explore  

behav ioura l  im p a i r m e n t  in ALS. All s tu d ie s  h a v e  c l in ic-based,  and  in m a n y  

in s ta n c e s  no a t t e m p t  w as  m a d e  to  exp lore  t h e  clinical co r re la te s  of  

o b s e rv e d  behav ioura l  c h a n g e s .

If ALS and  FTLD ex is t  within a s ingle  biological c o n t in u u m  t h a t  it would be  

e x p e c te d  t h a t  behav ioura l  c h a n g e s  c o n s i s t e n t  with a subclinical FTLD 

s y n d r o m e  would be  a universal  o r  a lm o s t  universal  f inding in all ALS 

p a t ien ts ,  albei t  to  vary ing  d e g r e e s .  Behavioural  c h a n g e s  m a y  display a
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c u m u la t iv e  ef fec t  with d i s e a s e  du ra t ion  a n d / o r  m a y  clearly in c re a s e  with 

longi tudinal  follow up.  Converse ly ,  if t h e  p r im ary  h y p o th e s i s  -  e x i s t e n c e  of 

dist inct  d i s e a s e  s u b g r o u p s -  is t r u e ,  t h e n  behav ioura l  ab n o rm a l i t i e s  would 

be conf ined to  clearly def ined  s u b g r o u p s  m a rk e d  by specif ic d e m o g ra p h ic ,  

clinical a n d / o r  cogni t ive s ig n a tu re s .

This aim is of par t i cu la r  im p o r ta n c e  b e c a u s e  behav ioura l  c h a n g e s ,  r a th e r  

t h a n  cognit ive im p a i rm e n t ,  r e p r e s e n t  t h e  ha l lm ark  f e a t u r e  of  Bv-FTLD. 

While cogni t ive  function can  be in tac t  part icularly in t h e  ear ly  s t a g e s ,  

behav ioura l  im p a i r m e n t  is, by defini t ion,  p r e s e n t  in all Bv-FTLD c a s e s ,  and  

t h u s  by e x t e n s io n  behav ioura l  c h a n g e s  would be e x p e c t e d  to  be  a 

f r e q u e n t  if no t  un iversa l  f inding in p a t i e n t s  with a subclinical  FTLD 

s y n d r o m e .

The  des ign  of  th is  s tu d y  offers  t h e  oppor tun i ty  no t  only to  quant ify  t h e  

f r e q u e n c y  of  behav ioura l  im p a i rm e n t  in a deep ly  p h e n o t y p e d ,  popula t ion-  

b a s e d  s a m p l e  of ALS pa t ien ts ,  b u t  also to  desc r ibe  its p a t t e rn  and  to 

identify a n y  cor re la t ion  t h a t  m a y  ex is t  b e t w e e n  behav ioura l  c h a n g e s  and  

d i s e a s e  du ra t ion ,  d i s e a s e  seve r i ty  or  specific d e m o g ra p h ic  or  cogni t ive 

s u b g r o u p s .

4.2.2 Aim (4) Behavioural Impairment and Prognosis

Aim (4)  To inve s t iga te  if behav ioura l  im p a i rm e n t  in ALS im p ac ts  t h e  ra te  

of m o t o r  p ro g re s s io n  a n d / o r  h a s  an  overal l  survival  effect .
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Rational and Method:

The limited l i terature s u g g es t s  th a t  prognosis  is worse  in ALS pa t ien ts  with 

co-morbid FTLD compared  to n o n -d e m e n ted  ALS patients  (OIney e t  al., 

2005).  In thesi s,  we hypothesized th a t  in ALS patients  with subtle 

behavioural  im pairment  not fulfilling the  criteria for frank dem en t ia  would 

display more  aggress ive  motor  progression of the  d isease  and  shor te r  

survival t ime.  Motor progression  and  survival will be  e s t im ated  using the  

s a m e  m e thods  detailed above  in (see  aim 2: Cognitive Im pa i rm en t  and 

Prognosis).

4.2.3 Aim (5) Correlations of Cognitive &

Behavioural data

Aim (5) To invest igate  th e  correlation,  if any, be tween  ALS patients '  

cognitive s ta tus ,  and behavioural  function

Rational and Method:

In this thesi s,  we hypothesized th a t  pa tien ts  with cognitive impairment 

are  more  likely to have  behavioural  impairment  and vice versa .  Cognitive 

and behavioural  changes  a re  analysed initially separa te ly  in this project 

because  of the  subjective na ture  of behavioural  da ta .  Cognitive data  is 

obta ined by direct  neuropsychological  te st ing of the  patien ts  by the  

resea rcher ,  while behavioural  data  is obta ined from an informant,  usually 

the  key care  giver. I t  is predicted th a t  both se ts  of d a ta  would 

com plem ent  each other.



If cognit ive and  behav ioura l  abno rm a l i t i e s  r e p r e s e n t  defining 

c ha ra c te r i s t i c s  of  dist inct  d i s e a s e  s u b ty p e ( s )  t h e n  t h e s e  abno rm a l i t i e s  a r e  

likely to  co -ex i s t  m o re  f r equen t ly  t h a n  would be e x p e c te d  by ch a n c e .  It  

would also be  p red ic ted  t h a t  a dist inct  g ro u p  of  ALS p a t i e n t s  would disp lay 

no e v id e n c e  of  e i the r  cognit ive or  behav ioura l  c h a n g e .

4.2.4 Aim (6) Longitudinal Evolution

Aim (6)  To d o c u m e n t  if any  identif ied cognit ive s u b g r o u p s  within t h e  

ALS co h o r t  m e rg e  with longitudinal a s s e s s m e n t ,  a n d  if cognit ive 

im p a i rm e n t  dev e lo p s  in all ALS pa t i e n t s  on follow up

Rational  a n d  Method:

The  idea  of  t h e  ALS-FTD c on t inuum ,  involves  t h e  bas ic implicit a s s u m p t i o n  

t h a t  cogni t ive  im p a i rm e n t  is an integral  p a r t  of  ALS pa tho logy ,  a n d  t h a t  a s  

such  all ALS pa t ien t s  would deve lop  cognit ive im p a i r m e n t  if t h e y  w ere  

followed up for  long e n o u g h  per iods  of  t ime.  If cogni t ively in tac t  pa t ien t s  

fail to  sh o w  a n y  s igns  of cognit ive  decl ine  e v e n  a t  a d v a n c e d  s t a g e s  of  the i r  

i llness th is  would a r g u e  a g a in s t  t h e  c o n c e p t  a s ingle  biological c on t inuum .

Abe a n d  Fuj im ara (1 9 9 7 )  desc r ibed  a c o n t in u u m  of z s c o re s  in ALS 

p a t i e n t s  t h a t  e x t e n d e d  f rom normal p e r f o r m a n c e  a t  o n e  e n d  to  seve re ly  

im pai red  cognit ive function a t  t h e  o the r .  H ow ever ,  it is still unc lea r  if 

p a t i e n t s  " m o v e  a long"  or  p ro g re s s  along th is  s p e c t r u m  with t ime.

An es sen t i a l  s t e p  to w a rd s  resolving t h e  s u b t y p e  v e r s u s  c o n t in u u m  d e b a t e  

would be  t h e  d o c u m e n ta t io n  of w h e t h e r  cogni t ive func tion in ALS
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patients deteriorates with tim e. It  patients were to be stratified by 

cognitive function early in their illness, would distinctions between 

cognitive subgroups persist with tim e or alternatively, would subgroups 

merge into a single overlapping continuum?

Similarly, it is unclear if behavioural abnormalities progress with tim e and 

if new-onset behavioural change emerges with continued follow-up.

Longitudinal studies are needed to address these questions. Published 

longitudinal studies of cognitive function in ALS have been limited by 

sample size, and the inevitable high attrition rates due to death or 

disability. As outlined in chapter 2, these studies have yielded 

inconsistent, though largely negative findings.

The longitudinal aspect of this study, also reliant on home-visits, offers an 

ideal opportunity to answer these questions, and to investigate the 

evolution of cognitive changes in ALS patients with tim e. The fact that the 

study is home-based serves to lower the attrition rate because many 

patients who are no longer able to attend hospital clinics can still be 

tested in the comfort of their homes. This maximizes the chances of 

continued participation even in relatively advanced stages of the illness. 

Although patients would not be expected to undertake the same number 

tasks at advanced stages of their illness, a large repertoire of 

neuropsychological tasks increase the probability that the patients would 

be able to do at least some of the tasks as physical disability accrues. 

Simultaneous measurem ent of transcutaneous blood gases would help 

exclude any decline in performance due to carbon dioxide retention.



Ideally, th e  cohort  of healthy controls would also have  longitudinal 

neuropsychological  te st ing to address  any learning effect  th a t  may occur 

from exposure  to th e  s a m e  se t  of ta sks  on repea ted  occasions.  This would 

permit  accura te  documenta t ion  of cognitive in ALS pa tients  as  well as  the  

investigations  of w h e th e r  the  cognitive ca tegory  of patients  remains  

unchanged  with t ime.

4.2.5 Aim (7) Genetic Contribution to Cognitive Change

To invest igate  if th e  p re sence  of a positive C9orf72 mutation or a family 

history of ALS in the  a b sen ce  of a known mutation is associa ted  with a 

specific cognitive or behavioural  profile

Rationale and  Method

The primary hypothesis  p re supposes  t h a t  cognitively intact ALS patients  

belong to a different d isease  sub type  than  th a t  of cognitively impaired 

pa tients.  The susceptibility to develop cognitive and  behavioural  change  is 

likely to be regula ted  by the  interaction of genetic and  environmenta l  

influences.

Genetic modifiers would be expec ted  to either increase or d ecrease  the  

risk of developing cognitive a n d /o r  behavioural  changes .  This is likely to 

be media ted  by e ither  a single high potency gene  muta tion or a 

combinat ion of multiple low potency genet ic  variants .  This concept  can be
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explored using genetic testing for known mutations and by identifying 

patients with positive family history of ALS and/or other 

neurodegenerative conditions.

This information along with the gathered clinical and neuropsychological 

data would be expected to shed light on whether the certain 

cognitive/behavioural profiles coupled with a strong family history of 

neurodegeneration can be used to segregate patients and kindreds for 

sub-characterization using neuroimaging and/or genetic analyses

The discovery of the C9orf72 genetic mutation was made near the end of 

the recruitment phase of this study. Because of the importance of this 

mutation, patients were screened for this mutation and where possible 

segregated by its presence or absence. This was carried out to ensure 

homogeneity and to explore the specific cognitive/behavioural patterns, if 

any, that are associated with this mutation.

4.3 Exploratory Study (1) Social Cognition

The first exploratory study aims to test the following secondary 

hypothesis:
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Some ALS patients have social cognitive abnormalities and these  

abnormalities are independent of cognitive function but predictive of 

behavioural abnormalities

The exploratory study had two aims

Aim (1 )  To investigate if social cognitive function in ALS patient is 

impaired compared to healthy controls;

Aim (2 )  To investigate if social cognitive deficits in ALS patients are linked 

to behavioural function rather than cognitive function

Rationale and M ethod:

Social cognitive neuroscience is emerging as an exciting new field focusing 

on the cognitive processes underlying normal social behaviour as well the  

cause and the consequences of breakdown in these processes.

The available literature suggests the presence of varying degree of 

abnormal social cognitive function m any neurodegenerative conditions. In 

the case of Bv-FTLD, a condition displaying clear clinical and pathological 

overlap with ALS, a wide range of abnormalities have been described, 

which have been shown by some investigators to correlate with the  

observed behavioural changes (Lough e t al., 2 0 0 6 ;  Gregory et al., 2 0 0 2 ) .

Although it is difficult to disentangle poor social cognitive function from  

poor overall cognitive function, particularly executive function, the  

literature suggests that specific deficits may be present at least in the  

early stage Bv-FTLD patients. In addition, recent evidence suggests that
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t a s k s  eva lua t ing  social cogni t ive skills m a y  be  s u p e r io r  to  t radi t ional  

neuropsycholog ica l  t a s k s  in identifying early im.pai rment in Bv-FTLD and 

m a y  be m o re  sens i t ive  in ea rly d iagnos i s  of  this  d i s o rd e r  c o m p a r e d  to 

" trad i t ional"  ex ec u t iv e  t a s k s  (Funkiewiez e t  al.,  2 0 1 1 ;  Torra lva  e t  al., 

2 0 0 9 ;  Diehl -Schmid e t  al. ,  2 007 ) .

As de ta i led  in c h a p t e r  3, ea r l ie r  s tu d ie s  of  social cognit ion  in ALS failed to 

find a n y  signif icant  abno rm a l i t i e s .  More r e c e n t  s tu d ie s  desc r ibed  varying 

d e g r e e s  of ab n o rm a l  p e r fo rm a n c e  b u t  n u m b e r s  w e re  small .  The  t rue  

propor t ion  of p a t ien t s  with a b n o rm a l  social cognit ive function in ALS is not  

known. In addi t ion,  t h e  assoc ia t ion ,  if any ,  b e t w e e n  social cognit ive 

c h a n g e s  in ALS p a t i e n t s  a n d  behav ioura l  c h a n g e  is y e t  to  be e s tab l i shed .

The fac t  t h a t  social cognit ive ab n o rm a l i t i e s  w e re  desc r ibed  in cognitively 

intac t  p a t i e n t s  ra i ses  t h e  ques t ion  w h e t h e r  social cogni t ive deficits,  when 

p r e s e n t ,  a r e  a m a n i fe s ta t io n  of a form of fronta l  in v o lv em en t  dist inct  from 

th e  widely r ecogn ised  form  p re d o m i n a te d  by ex ec u t iv e  abnorm al i t ies ,  or  

a l te rna t ive ly  if t h e s e  deficits  r e p r e s e n t  a h a rb in g e r  for  cognit ive or  

behav ioura l  t h a t  will m a n i fe s t  with t i m e  (Girardi e t  al .,  2011 ,  A braham s ,  

2011 ).

The  l i te ra tu re  lacks a c lea r  conf irmation  of t h e  p r e s e n c e  of  social cognit ive 

c h a n g e s  in a p o p u la t io n -b a s e d  s a m p l e  of  ALS pa t ien t s .  More impor tan t ly ,  

t h e r e  is c lea r  g a p  in t h e  know ledge  r ega rd ing  clinical implicat ions ,  if any,  

of  social cognit ive ab n o rm a l i t i e s  in ear ly  ALS, part icula rly  in t h e  c on tex t  of 

predic t ing behav ioura l  c h a n g e s  or  r e p re s e n t in g  a m a r k e r  for  a s e p a r a t e  

previous ly  u n d e r - r e c o g n i s e d  c o n s e q u e n c e  of ALS.
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To ach ieve  t h e  tw o  a im s  outl ined  ab o v e ,  a s t a n d a r d i z e d  t e s t  of  social 

cognit ion is c o m p a r e d  in a r e p r e s e n t a t i v e  s a m p l e  ( n e s t e d  s u b -c o h o r t )  of 

ALS p a t ien ts  a n d  a coho r t  of  age ,  s ex  a n d  e d u c a t io n  m a tc h e d  hea l thy  

controls .

F u r the r  ana lys is  would allow invest iga t ion  of  w h e t h e r  any  identif ied 

deficits (a )  a r e  o v e r - r e p r e s e n t e d  in a specif ic p a t i e n t  g roup ;  (b)  predic t  

t h e  p r e s e n c e  of behav ioura l  c h a n g e s  a n d / o r  (c) r e p r e s e n t  h a rb in g e r s  for  

behav ioura l  c h a n g e s  on follow-up.

4.4 Exploratory Study (2) Prognostic M odelling

The s e c o n d  exp lo ra to ry  s tu d y  is focused  on t h e  following s e c o n d a ry  

hypo the s i s :

I t is possible to  co n s t ru c t  a p rognos t ic  model  t h a t  would reliably predic t  

individual ALS p a t i e n t s '  p rognos is  us ing bas ic  d e m o g ra p h ic ,  clinical and  

neuropsycholog ica l  d a t a  t h a t  can  be  o b ta in e d  a t  t h e  first clinical 

a s s e s s m e n t

This exp lo ra to ry  s tu d y  h a s  o n e  aim:

Aim (1) To inves t iga te  if bas ic clinical a n d  neuropsycho log ica l  d a t a  

ob ta ined  a t  t h e  first clinical visit can be  potent ia l ly  u s e d  to  c o n s t ru c t  and
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validate a prognostic algorithm that can be used for predicting patient 

prognosis with reasonable reliability

Method and Rationale:

The rate of motor disease progression is highly variable among ALS 

patients. Identification of a reliable, validated prognostic algorithm would 

facilitate individual patient prognostication leading to effective timing of 

medical interventions as well as more appropriate patient stratification 

procedures in clinical trials for potential therapeutic agents. The most 

frequently reported negative prognostic indicators in ALS include older age 

of onset, bulbar onset and short delay to diagnosis (Chio et al., 2009a). A 

recent staging system, based on the number of body regions involved and 

the need for non-invasive ventilation, has been proposed, but this is yet to 

be validated (Roche et al., 2012).

In this project, home-visits were utilized to prospectively capture the 

motor and cognitive aspects of the disease in a large population-based 

sample of ALS patients. The exploratory study aims to interrogate the 

data set generated using this deeply phenotyped patient cohort, in order 

to identify variables that would be potentially useful in constructing and 

validating a practical prognostic model that can used by ALS by clinicians 

and researchers for individual patient prognostication.

A data-led approach will be undertaken using cluster analysis of 

prognostic parameters including survival and motor progression in order 

to explore the existence of distinct prognostic subgroups. This will be
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followed by a full hypothesis- f ree  charac terisat ion of the  subgroups  and an 

investigation of reliable predictors.

This explora tory s tudy provides a unique opportunity to explore the  

natural history of the  d isease  prospectively in a well phenotyped  patient 

sample,  with view to identifying and characterizing naturally occurring 

prognostic subgroups  th a t  may exist  within ALS population

4.5 Significance/Relevance of this Research Project

ALS remains  a disabling and ultimately a fatal illness. Its cause  is not 

known. Despite of the  discovery of the  first pathogenic  gene  20 years  ago, 

and of a t  least  15 o ther  pathogenic  and susceptibility g enes  since, the  

exac t mechanism by which th e se  genet ic  muta tions  cause  the  d isease  is 

poorly unders tood. A cure  for ALS remains  elusive.  A series  of clinical 

trials over  the  last two decades  have  failed to d e m o n s t ra t e  convincing 

therapeu t ic  effect for a long list of chemicals,  despite  promising results  in 

animal models.  It is clear th a t  we need to review the  way they  look a t  

ALS.

The failure of ALS research to da te  to yield a cause  or a cure for ALS may 

s tem  from the  failure to fully apprecia te  and  account  for the  effect  th a t  

he terogenei ty  within ALS may have on susceptibility and pathogenic  

factors (Beghi e t  al., 2011).  Phenotypic variations in ALS may be richer 

than  currently recognised.  Stratification using basic demographics  such as 

age  and site of onse t  may not be sufficient.

97



The overall objective of this thesis is to improve the current understanding 

of ALS and provide a meaningful addition to the current literature. The 

primary hypothesis of the thesis is that cognitive and behavioural changes 

in ALS patients represent phenotypic markers of disease subtypes within 

ALS with distinct clinical and prognostic characteristics. The exploratory 

studies investigate the role of social cognition in disease heterogeneity  

and investigate the utility of using basic clinical and neuropsychological 

data for individual patient prognostication.

In the context of research into ALS pathogenesis or therapeutics, patients 

are usually stratified using age, site of onset, and disease severity at 

baseline as measured by various function scales. These variables are 

presumed to provide an indirect measure of future rate of progression. 

However, this strategy has failed so far to yield the needed results.

It  is possible that the observed phenotypic variations between ALS 

patients constitute a "red herring". Advocates of this hypothesis cite the  

fact that carriers of the same genetic mutation within the same kindred 

often present with different phenotypes. Phenotypic variations such as site 

of onset dependent may be dependent on a random event and thus may 

be entirely inconsequential when investigating ALS pathogenesis or 

therapeutics. This proposal would be in line with the primary null 

hypothesis of this thesis which is that classical ALS , ALS with subtle 

cognitive and behavioural impairments, and ALS with co-morbid dementia 

are all phenotypic external variations within a single biological entity. The 

presence or absence of cognitive im pairm ent would simply represent 

where on the spectrum the patient happens to be at point in tim e, but
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would therefore have no consequence on basic pathology, disease 

aetiology or response to treatm ent.

On the other hand, if cognitive and/or behavioural changes in ALS do 

indeed represent markers for clinically distinct disease subtypes within the 

ALS spectrum, then the incorporation of cognitive and behavioural change 

into the diagnostic categorisation of patients may help fine tune currently 

used stratification strategies leading to more homogeneous subgroups. 

The effect of this homogenisation on designing future ALS research or on 

interpretation of existing data may be more positive results, previously 

masked by lumping different subgroups together.

The first exploratory adds an extra dimension to the project by exploring 

the social cognitive function in ALS patients and its contributions into the 

proposed heterogeneity within the ALS population. The second exploratory 

study investigates the utility of the generated data for constructing a 

reliable prognostic model.

In this thesis, I propose that cognitive and behavioural function in ALS, 

alone or in conjunction with other clinical variables such as site of onset 

may form the building blocks for a robust categorisation system, and 

possibly a prognostic model. This would provide a tailored approach to 

patient care and would have significant implications for future research 

into ALS pathogeneses or therapeutics.
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5.1 Study Design & Recruitment of Participants

This project  employed a prospective,  observat ional ,  case-cont rol ,  

popula tion-based s tudy design.  The popula tion-based design was 

facilitated by the  p resence  of a popula tion-based regis ter for ALS in the  

Republic of Ireland.

Data collection took place during home-visits .  Data ga th e red  included 

demographic ,  clinical, and neuropsychological  da ta .  The s tudy has 

com plem enta ry  cross-sect ional  and longitudinal e lem ents .  The home-vis its  

were  conducted a t  baseline then  a t  six monthly intervals until death  or 

deve lopm ent  of disability precluding fur ther testing.

The neuropsychological  performance  of ALS pa tients  was com pared  to tha t  

of a cohort  of age,  sex ,  and education m atched  healthy controls. Data 

from controls was  used to c rea te  normative  data  for each ta sk  and to 

identify appropria te  cut offs for abnormal performance.

Statistical analysis included descriptive analysis,  in ter-group case-control  

comparisons ,  within-group compar isons  of identified subgroups ,  and 

survival analysis.
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5.1.1 Population-based Recruitment for Patients

All pa t ien ts  diagnosed with ALS in Republic of Ireland within the  s tudy 

period (October 2006- February 2011) were  identified through the  Irish 

ALS Register,  and invited to participate in a longitudinal s tudy of cognitive 

function in ALS.

The Irish ALS regis ter has  been  in operat ion a t  th e  National Neuroscience 

Centre  since 1995 (Traynor e t  al., 1999, O'Toole e t  al., 2008).  The 

regis te r is ope ra ted  by a dedica ted specialist nurse ,  and relies on an in te r

linked network  th a t  includes neurologists,  neurophysiologis ts,  n eu ro 

pathologis ts,  and  general  practi t ioners practicing in the  Republic of 

Ireland, including private sec tor  practi tioners.  In addition,  th e  regis ter has  

close links to the  Irish Motor Neuron Disease  Association, a voluntary 

organisation  concerned with providing services  to  patients  with ALS and 

the ir  care  givers.

The Irish ALS register also served as  a source  of infornnation on no n 

partic ipants  i.e. pa tients  diagnosed within the  s tudy  period who were  not 

cap tured .  This data  was linnited to basic dem ographic  information th a t  

pa tien ts  consen ted  to add to the  register,  such as  da te  of birth, gender ,  

da te  of o n se t  of sym ptom s,  da te  of diagnosis,  si te of onset ,  and da te  of 

dea th  in case  of pat ients  who are  deceased .  However this da ta  allowed 

direct  comparison of basic demographics  be tw een  s tudy participants and 

non-part ic ipants ,  a comparison th a t  provided a direct e s t im ate  of the  

deg ree  to which the  s tudy sample  was  rep resen ta t ive  of the  ALS 

population in Republic of Ireland as  a whole.
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Following identification of a new ALS patient, a trained experienced 

research nurse contacted the patients by phone to gather the basic 

demographic data relevant to the Register and to enquire on interest in 

participation in research activities. Patients interested in research and in 

whom no apparent reason for exclusion was apparent were then posted a 

Patient Recruitment Package. This included a cover letter inviting the 

patient to participate in the study, a Patient information leaflet, and a 

Return Post Card. The Patient Inform ation Leaflet described the study and 

clearly indicated to patients the voluntary nature of the study stressing 

the fact their refusal participate would not impact their treatm ent, and 

that they were free to withdraw from the study at any point without 

providing an explanation for their withdrawal.

On receiving a confirmation of the patient's interest in participation (via 

the Return Post Card or other means of communication) the research 

investigator contacted the patient by phone to confirm interest, answer 

any queries, and arrange a suitable date and tim e for the home-visit.

In case of patients who declined participation the reason was documented 

if the patient (or carer-giver) provided a specific reason. However, 

patients who declined were not specifically contacted to enquire on 

reasons for refusal. This was to avoid any breach of privacy or any 

elem ent of coercion.
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During th e  a r ranged  honne-visits demographic ,  clinical, and 

neuropsychological  da ta  was collected. Unless the  patient  reques ted  

otherwise,  a let ter  was  pos ted to the  pat ien t 's  general  pract i t ioner to 

inform h im /he r  of the  pa tient ' s  participation in the  study. In case  of 

identification of major  cognitive or behavioural  abnormalit ies  the  patient 's  

general  practi t ioner and the ir  trea ting neurologis t  were  informed if 

appropria te .

Follow up visits were  conducted every six m o n th s  in patients  who were 

alive, and  able to participate. Patients were  con tac ted  by phone  prior to 

the  follow up visits to confirm their  continued in te res t  in participation.  The 

visits were  discontinued if th e  pa tient  declined fur ther  participation,  or in 

case  of (1) dea th  of the  patient,  (2) progression  of the  patient ' s  physical 

disability to th e  ex ten t  tha t  participation is not possible, (3) progression of 

the  pa tien t ' s  dem ent ia  to th e  ex ten t  t h a t  part icipation is not possible.  On 

occasion,  it was  only a p p a ren t  a t  the  t ime of the  house-vis i t  t h a t  the  

patient was  too physically ill or disabled to participate.  In such cases ,  

clinical da ta  was  ga thered .

5.1.2 Recruitment of Healthy Controls

A cohort  of carefully selected age,  sex  and  education m atched  controls 

was recruited by advertising though pos te rs  and research  website 

adver t i sem en ts .  A list of in te rested individuals was  g en era ted ,  and 

suitable individuals were posted  a Healthy Control Information Leaflet by 

mail.
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After lapse of an appropria te  period of t ime- usually ab o u t  ten  days  -  the  

resea rchers  contac ted  th e  healthy controls by phone  to confirm interes t ,  

an sw er  any queries,  and  to a r range  an appo in tm en t  a t  the  Psychology 

D epar tm en t  in B eaum ont  Hospital, where  the  neuropsychological  

a s s e s s m e n t s  of healthy controls took place.

5.1.3 Case Ascertainment, Inclusion & Exclusion criteria

Case a sce r ta inm en t  was  supervised by a senior ALS specialist (OH) and a 

senior  neuropsychologis t  (NP). Inclusion criteria included (1) age  more  

than  18 years ;  (2) a diagnosis of possible, probable  or definite ALS 

according to the  Revised El Escorial criteria (Brooks e t  al., 2000);  (3) Irish 

pa ren tage  and  res idence in Republic of Ireland for a t  least  five year s  prior 

to the  a s s e s s m e n t ;  (4) ab sence  of uncer tainty  regarding diagnosis;  (5) 

absence  of a lte rnat ive  diagnosis th a t  may explain sy m p to m s ;  and (6) the  

absence  of atypical d isease  course  suggesting variant of ALS, such a s  PLS.

Exclusion criteria were  minimized to avoid selection bias. Exclusion criteria 

included (1) English not the  subjec t ' s  first language; (2) non-Irish 

descen t ;  (3) history of o the r  neurological conditions th a t  could affect 

cognition such as  major  hemispheric  s troke ,  t raum at ic  brain injury, 

learning disability, and  seve re  active epilepsy; (4) alcohol dependence  

syndrom e;  (5) uncontrolled d iabetes  mellitus or hypertension; (6) serious 

active menta l  illness; (7) cur ren t  use  of high dose  psychoactive
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medication; (8) inability to read or write, and (9) seve re  disability or 

w eak n ess  a t  t ime of a s s e s s m e n t  prohibiting participation.

Respiratory s ta tu s  of the  patient (as  m easu red  by Forced Vital Capacity or 

Sniff Nasal Inspiratory Pressure) was  not included in the  inclusion and 

exclusion criteria because  the  popula tion-based  design of the  study m ade  

it impractical to carry out th e se  respiratory te s t s  in all patients .  To ad jus t  

for any  effect carbon dioxide levels may have on neuropsychological 

performance,  t ran scu tan eo u s  blood g a se s  were  m easu red  using a mobile 

t r a n scu ta n e o u s  senso r  (described in more  detail in section 5.3.2).

The final exclusion of any patient was  decided by the  s tudy supervisors  

(OH and NP). In cases  where  a reason  for exclusion b ecam e  app a ren t  a t  

the  s tag e  of da ta  collection (for example  a history of s troke,  or heavy 

alcohol use) ,  da ta  collection was comple ted,  and then  the  case  was 

discussed a t  a later s tage  with the  supervisors  in order  to m ake  the  final 

decision regarding patient exclusion.

Inclusion criteria for healthy controls were  age  more  than  18 year  and 

age ,  sex  and education similar to recruited ALS patients.  The sam e  

exclusion criteria outlined above were  applied to healthy controls.

5.2 Ethical Approval and Data Protection

The s tudy  had full ethical approval from Beaumont  Hospital Research 

Ethics Commit tee  (06/79) .  Written informed consen t  was  obta ined from 

all the  pa tients  and controls who participated in the  s tudy  (appendix  3).
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The consents were obtained at tim e of assessment after allowing 

participants an appropriate period of tim e to read the relevant Inform ation  

Leaflets and if they wish to discuss their participation with family members 

or with their general practitioners.

A separate Patient Inform ation Leaflet and Inform ed consent (appendix 4) 

was simultaneously utilized in patients in whom blood samples for genetic 

testing were obtained. The information leaflet stressed the voluntary  

nature of the study and the fact that the patients would not be provided 

with the results of genetic analysis.

Data was initially collected using a paper questionnaire (hard copy), then 

transferred to computerized master sheet using Statistical Package for the  

Social Sciences (SPSS) version 19. All identifying information was treated  

in a strictly confidential manner that conformed to the Irish Data 

Protection Acts 1988 and 2003.

To ensure anonymity the data was by assigning each participant a unique 

identifying numeric code. A "key" document contained all identification 

data and it was strictly separated from sensitive data such as health data. 

The "key" document was stored in an encrypted and password protected 

form at on securely stored hard disc which was not connected to any 

computer with active internet access.

Hard copies were stored in a locked cabinet at the Clinical Research 

Centre in Beaumont Hospital could only be accessed by research 

personnel directly involved in project. The coded database was stored on
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com pute rs  accessed  only by resea rchers  directly involved in study. Blood 

sam ples  were  coded, so th a t  they  could not be t raced  back to the  patient 

without accessing two pro tec ted  coded systems.

All da ta  was subsequent ly  analysed and p resen ted  as  mainly as group 

results.  Identifying information was not shared ,  p resen ted  or published. 

The participant 's  trea ting  physician was notified of t e s t  results  only in 

cases  of severe  cognitive or behavioural  changes  requiring clinical 

intervention.

5.3 Demographic and Clinical Data

5.3.1 Demographic data

The following demographic  and clinical variables t h a t  were  docum en ted  in 

all part icipants (1) d a te  of birth; (2) gender ;  (3) h an d ed n e s s  (right or 

left); (4) education with particular em phas is  on last qualification obtained 

and age  a t  t ime of cessat ion of formal educat ional  a t ta inm en t ;  (5) 

Occupation; (6) marital s ta tu s ;  (7) list of any medicat ions  used; and (8) 

the  p resence  or ab sence  of any exclusion criteria, such as  uncontrolled 

diabetes  mellitus or t raum at ic  brain injury.

No o the r  demographic/clinical  details  are  ga thered  in case  of healthy 

controls.

109



5.3.2 Clinical data

The following clinical details  are  ga th e red  in all ALS pa tients  (1) si te of 

onse t  of sym ptom s;  (2) da te  of sym ptom  o nse t  and  da te  of diagnosis;  

(3) family history of ALS; (4) family history of o the r  neurodegenera t ive  

conditions in particular FTLD, Parkinson's d isease  , and dem en t ia  of the  

Alzheimer's type; (5) family history of psychiatric disorders ;  (6) n a m e  of 

trea ting neurologist  and  general  practi t ioner;  (7) use  of Riluzole; (8) the  

p resence  of an enteral  feeding tube ;  (9) use  of non-invasive ventilation 

(NIV) and  in case  of pa tients  using NIV the  av erage  nu m b er  of hours  NIV 

was used per 24 hours;  (9) the  relationship of the  main care  giver to  the  

patient;  and (10) the  n u m b e r  of hours  of external  care  (e.g.  h om e  help) 

received by the  patient.

Clinical a s s e s s m e n t  of ALS patients  during the  home-vis its  also included a 

full neurological examinat ion aimed a t  categorizing the  pa tient according 

to the  Revised El Escorial Criteria into "suspected" ,  "possible",  "probable"  

or "definite" ALS. Patients with " suspec ted"  ALS were excluded from the  

study.

A blood sample  for genetic test ing was  also taken  during th e  home-visit ,  

excep t  in pa tients  who were known to have  previously a t tended  

Beaumont  Hospital and have  had a blood sample  taken  for the  purposes  of 

genet ic  research.  Two millilitres of blood were  collected from each 

individual in an EDTA whole blood tube ,  stored at  -70C a t  th e  Clinical 

Research Centre  in B eaum ont  Hospital.
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Arterialised tissue capillary blood gas tensions were measured during the  

home-visits using a non-invasive transcutaneous sensor (TOSCA 500, 

Radiometer Ireland Ltd). The sensor was attached to the patient's ear lobe 

with the use of disposable ear clips and contact gel. The sensor functioned 

via a transcutaneous electrode system that involves a thermostatically 

controlled heating elem ent to maximise local tissue blood perfusion. 

Although patients experienced an intense warm sensation the point of 

contact of the sensor with the ear lobe but no pain was experienced and, 

importantly, the skin was not punctured. The sensor was connected to a 

mobile light weight monitor on which, after an interval of about 10 

minutes, the patient's pulse rate, arterial oxygen saturation (P a02 ) and 

carbon dioxide levels (PaC 02) levels are displayed continuously. On a 

regular basis the sensor was calibrated using blood gas results obtained 

from independent m easurem ent of PaC02 and Pa02 in the subject's own 

arterial blood.

Due to the population- based design of study routine Sniff nasal 

inspiratory pressure (SNIP) and/or Forced Vital Capacity (FVC) were not 

included in the protocol. In cases were respiratory function tests were 

carried out for clinical reasons, results were documented.
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5.3.3 Disease Severity and Rate of Motor Progression

Disease severity was estimated during home-visits using the revised 

version of the ALS Functional Rating Scale (ALSFRS-R, appendix 5).

The ALSFRS-R is a well validated functional scale in which scores range 

from 0 to 48, with lower scores indicating more disability (Cedarbaum et 

al., 1999). The structure of the ALSFR-R lends itself to evaluating different 

regions of the body using ALSFRS-R sub-scores:

• The first three questions of the ALSFRS-R scale assess the 

presence/absence and degree of bulbar involvement (slurring of 

speech, drooling of saliva and swallowing difficulties). The total 

score of these three questions constitutes the "bulbar ALSFRS-R 

sub-score" (maximum 12 points for normal bulbar function);

• The last three questions in the ALSFRS-R scale evaluate shortness 

of breath, orthopnoea and use of non-invasive ventilation. The sum 

of these three questions constitutes the "respiratory ALSFRS-R sub

score" of the ALSFRS-R (maximum 12 points obtained in case of 

normal respiratory function);

• The remaining six questions of the ALSFRS-R scale evaluate limb 

function by enquiring on activities of daily living such as walking, 

climbing stairs, w riting, and the ability to feed and dress one's self. 

The total score of these questions constitutes the "Limb Function 

subs-score" with a maximum of 24 points obtained in case of 

normal upper and lower limb function.

112



The rate of motor disease progression in this project was assessed 

retrospectively and prospectively.

Prospective estimation of motor progression relied on the ALSFRS-R score 

(or sub-score) slope between home-visits, for example the difference 

between total ALSFRS-R obtained at the initial visit and that obtained at 

the second visit was divided over the tim e between the two visits to 

generate an estimate of overall motor decline per month.

Retrospective estimation of motor progression was carried out by 

estimating the rate of functional decline from presumed normal function 

prior to symptom onset to the tim e of initial assessment. This was 

calculated as follows:

• The rate of total or overall functional decline was estimated  

retrospectively using the following formula: (48  minus ALSFRS-R 

score at tim e of baseline visit) divided by disease duration in 

months from at tim e of baseline visit.

Note 48 is the maximum ALSFRS-R total score and thus represents normal 

overall motor function.

• The rate of bulbar functional decline was estimated retrospectively 

using the following form ula:(12 minus bulbar ALSFRS-R sub-score 

at tim e of baseline visit) divided by disease duration in months from  

at tim e of baseline visit.
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Note 12 is the  m axim um  ALSFRS-R bulbar sub-score  and thus  r ep resen ts  

normal bulbar function.

• The ra te  of respiratory functional decline was  es t im ated

retrospectively using the  following formula:  (12 minus respira tory  

ALSFRS-R sub-score  at  t ime of baseline visit) divided by d isease  

duration in m onths  from a t  t ime of baseline visit.

Note 12 is the  m axim um  ALSFRS-R respiratory sub-score  and th u s

rep resen ts  normal respira tory  function.

• The ra te  of limb functional decline was e s t im ated  retrospectively

using the  following formula:  (24-minus  the  limb function ALSFRS-R

sub-score  a t  t ime a t  t ime of baseline visit) divided by disease  

dura tion in m onths  from a t  t ime of baseline visit.

Note 24 is the  maximum Limb function ALSFRS-R sub-score  and th u s  it 

rep resen ts  normal limb function

5.4 Neuropsychological Assessment

Cognitive function in ALS patients  was  a s se ssed  using a comprehens ive  

battery  of neuropsychological  ta sks  (table 5.1),  t h a t  involved detailed 

evaluation of a t ten t ion /execu t ive  function and  mem ory ,  and  screened  for 

language and visuo-construct ive deficits.
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Table 5.1. The neuropsychological battery o f  tasks used classified by cognitive domain and the definitions used for identifying dysfunction in each cognitive 

domain. Key SD: Standard deviation, HC Healthy controls

Remarks

Executive Function/Attention Executive dysfunction: scores two SD below the mean o f  HC on at least two executive tasks

Stroop Colour-W ord Interference Test (Trenerry M, The difference in scores between the priming and inhibitory trials as used as it represented the

1989) number o f responses “ losf ’ due to the delay imposed by the extra executive demands in the 

inhibitory trial.

Brixton Spatial Anticipation Test (Burgess, 1997) Scaled score (range 0-10) used

Backward digit span (W echsler D., 1997) Age adjusted scaled scores used

Category Fluency (Delis, 2001) Patients were asked to name as many animals at they could think o f in one minute (spoken 

only)

Phonemic verbal fluency index (Abrahams et al.. Written or spoken, number o f  words starting with letter “S” generated in five minutes and

1995) number o f  four letter words starting with letter C generated in four minutes. Patients are asked 

to copy/read the generated words and time required used to adjust for disability.

Language - Boston Naming Test (Kaplan E, 2001.) Language dysfunction: a score that is two SD below the HC mean on this task
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Memory Age adjusted scaled scores used in all tasks. Memory dysfunction: scores that are two SD 

below HC means on at least four of the listed parameters*

Logical Memory (LM) (Wechsler D., 1997) LM l* (immediate recall), LM2* (delayed recall) and LM retention* (retention)

Verbal Paired Associate (VPA ) (Wechsler D., 1997) VPAl * (immediate recall),VPA2* (delayed recall) and VPA* retention (retention)

Auditory Delayed Recognition Task (Wechsler D., 1997) *Sum of total recognition scores on Logical Memory and Verbal Paired Associates

Rey-Osterrieth Complex Figure Test (Meyers, 1995) Non-verbal memory: parameters used; Immediate recall trail * and delayed recall trial*

Visuo-Construction (VC)

Rey-Osterrieth Complex Figure Test (Meyers, 1995) VC dysfimction: a score that is two SD below the HC mean on copy trial of this task.

Intelligence Quotient

Wechsler Test of Adult Reading (WTAR) (Wechsler D., Task provides an estimate of premorbid intelligence

2001 )

Raven’s Coloured Progressive Matrices (Raven, 1998) Non-verbal intelligence

Note ** exception, memory dysfunction in patients with severe bulbar disability who were only able to perform non-verbal memory tasks was defined as 

impairment in both immediate and delayed recall trials of the Rey-Osterrieth Complex Figure Test



The battery was designed to minimize the effect of fatigue, motor and 

bulbar disability. The majority of tasks in the battery were un-timed to 

avoid the confounding effect of physical disability. Three tasks were timed 

(phonemic verbal fluency, semantic verbal fluency and the Stroop 

Interference Colour Word Task). Where possible the patients' scores on 

these tasks were adjusted m otor/bulbar disability. These adjustments are 

detailed below.

The battery was carried out in fixed order, where possible, because 

many of the memory tasks required an interval of 20 -30  minutes between 

registration and delayed recall. To minimise patient discomfort, verbal 

and non-verbal tasks we alternated and a 10 minute break was 

incorporated into the battery, approxim ately half-way through the testing.

Neuropsychological assessments were carried out by appropriately trained 

researchers under the direction a senior neuropsychologist (NP). 

Assessments of in ter-rater reliability were performed on a regular basis.

HC underwent the same neuropsychological assessment as ALS patients, 

with the exception of the Frontal Systems Battery Scale (FrSBe) for which 

published norms were used. The rationale for using HC was to create 

normative data for the Irish population of same age and sex as the ALS 

cohort. These normative data were then used to identify appropriate cut 

offs for abnormal perform ance on the undertaken neuropsychological 

tasks.
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5.4.1 Executive Function

Five ta sks  were  used to evaluate  executive function and  a ttention b ecause  

of he terogene i ty  of the  p rocesses  Involved In executive functioning.

1) Brixton Spatial Anticipation ta sk  (BSAT)

The BSAT Is a non-verbal t e s t  t h a t  m e asu re s  the  ability to de tec t  and 

follow rules and  rule changes  using a sequence  of visuo-spatlal stimuli. 

The subjec t  was  p resen ted  with a 56 page  st imulus  booklet , one  page  a t  a 

time. Each page had the  s a m e  basic design of 10 circles num bered  1 to 10 

and a r ranged  In two parallel rows. On each page  only one  of the  10 circles 

was  coloured black. The position of the  "black circle" changed  with each 

page of the  booklet  governed  by rules th a t  are  unknown to the  subjec t  

and change  periodically every few pages .  The subjec t ' s  ta sk  was  to predict 

where  th e  "black circle" will be In each page  based  on the  pa t te rn s  he had 

observed  In the  previous pages .  The ta sk  took 5-10 minutes  to 

adminis ter.

Like the  more  frequently  used Wisconsin Card Sorting Tes t  (WCST), the  

BSAT evalua tes  planning, goal sett ing,  abs trac tion of logical rules, and 

Inhibition of responses  th a t  do not confirm to current rules. However,  

compared  to th e  WCST the  BSAT is more user  friendly and less stressful 

and t ime consuming (Chan et  al., 2008).  There  Is evidence suggesting 

th a t  th a t  BSAT Is a useful and sensit ive m e asu re  of executive Impairment
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in a wide variety of patient groups (van den Berg et al., 2009, P.W. 

Halligan, 2005).

Other advantages of the BSAT include the fact that it is not a timed task, 

and that a verbal response is not required, as participants can simply 

point to the circle of interest. As such the BSAT is particularly suitable in 

populations where progressive physical disability is expected, such as the 

ALS population.

Scoring-. The number of errors made was documented and then used to 

award to award the patient a scaled score between 1 and 10. This scaled 

score was the score used in all analyses.

2) Phonemic Verbal Fluency

As outlined in Chapter 2, abnormal verbal fluency is the most consistently 

reported abnormality in ALS patients. Thurstone (1938 ) was the first to 

describe a verbal fluency task in which patients are required to generate  

a list of words beginning with the letters S and C in a fixed tim e period. 

Since then various variations of phonemic verbal fluency have emerged as 

one of the most frequently used and most sensitive tasks of executive 

function, speed of processing, and flexibility of verbal thought processes.
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In this study patients were tested using the version of the tasi< described 

by Abrahams and colleagues (1995 ) because it incorporated a method for 

adjustm ent for motor or bulbar delay. The method, term ed the verbal 

fluency index (V F I), involves three subtasks detailed below.

The first subtask required the subject to retrieve as many words as they  

can think of starting with the letter "S" in a period of five minutes.

In the second subtask the subject was allowed four minutes to generate  

as many four letter words starting with the letter "C" as he/she can think 

of.

Prior to starting the stopwatch for each subtask the subject was informed 

of the rules of the task. These rules prohibited the use of names of people 

and places (i.e. proper nouns) or the use of identical words with different 

endings (e.g . sad and sadly). For both subtasks the exam iner kept the 

tim e. The subject either wrote down the words on a piece of paper, or 

spoke the words while then the exam iner wrote them down legibly on a 

piece of paper. The choice of modality (written or spoken) in ALS patients 

depended on their physical abilities e.g. a patient with weak hand muscles 

but minimal bulbar disability could select the spoken modality.

The third subtask aimed to adjust for delay due to motor disability. I f  a 

"written" modality was selected, then the subject was asked to copy all 

the words he/she generated as fast they can, while the exam iner recorded 

the tim e (in seconds) it took h im /her to do so. I f  the chosen modality 

was "spoken" then the subject was asked to read all the words he/she

120



generated, while the exanniner recorded the time (in seconds) it took 

him /her to do so. This time recorded is an estimate of the time it would 

have taken the subject to produce the words (i.e. write or say them ) if 

he/she did not need to think about them.

Scoring: The verbal fluency index (VFI) was calculated as follows:

The total number of words generated was counted. Errors or rule breaks 

were not counted. Minor spelling mistakes were tolerated.

The time taken for the subject to copy or read the words he/she 

generated was subtracted from the total time he/she was allowed to 

generate the words i.e. 9 minutes (540 seconds). The resulting figure 

was an estimate of the time it took the subject to think of the words.

The last obtained figure was then divided by total number of words 

generated by the patient. The result is called the Verbal Fluency Index  

(VFI) and is an estimate of the average time taken by the subject to think 

of one word. The VFI was the score used in all statistical analyses.

Example: A patient generated 16 "S "words in 5 minutes, and 4 "C" 

words in 4 minutes. He wrote them down while the examiner kept time. 

The patient then was able to copy the 20 words he generated in 50 

seconds. His VFI is (5 4 0 -5 0 )  /  20 = 24.5.

As the VFI is an estimate of the average amount of time it took the 

subject to generate each word, a higher VFI score indicated worse 

performance.



3) Category Verbal Fluency

The Category verbal fluency (CatVF) task, also term ed the semantic 

verbal fluency test, requires the subject to retrieve words that belong to a 

particular semantic category such as "fruits", "furniture" or "animals". In 

the version used in this study (Delis, 2001) subjects were instructed to 

name as many "animals" as they could think of in a pre-set tim e of one 

minute. Only a spoken form of this task was undertaken, thus patients 

with severe bulbar involvement were excluded.

While access to the temporal lobe-based semantic knowledge is essential 

for normal performance on the CatVF, this task is also sensitive to frontal 

lobe dysfunction because, like phonemic verbal fluency, it captures several 

components of executive functioning such as planning, strategy making, 

error monitoring, and inhibition of words not conforming to the rules 

(Jurado and Rosselli, 2007).

Scoring: The total number of animals generated by the subject in one 

minute was the final score recorded and included in all statistical analyses.

4 ) Stroop Colour Word Interference Task (Stroop CW I Task)

This brief task is one of the most frequently used executive tasks in 

experimental and clinical neuropsychology (Halligan, 2003; MacLeod, 

1991; Trenerry M, 1989).
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The Stroop CWI Task measures multiple dimensions of executive control 

including error monitoring, working m em ory, selective attention, and 

inhibitory control (Royall et al., 2002).

Multiple versions of the Stroop CWI task exist. The version used in this 

project was a tw o-part test. In Part-A (the priming subtask) the subjects 

were presented with a multi-coloured list of names of colours, and asked 

to simply read the printed words as quickly as they can. In Part-B (the 

inhibitory/interference subtask), the subjects were presented with another 

multi-coloured list of names of colours. The second list was comprised of 

names of colours printed in ink colours not denoted by the name e.g. the 

word "blue" was printed in red ink. The subjects are then asked to name 

as quickly as possible the colour of ink in which each word is printed.

The subject had been primed by Part A of the task to respond in a 

particular response set (i.e. read the names of the colours). In Part B this 

schema was inhibited, and a new rule with different response set was 

initiated (i.e. to ignore the name of the colour and name the colour if the 

ink in which the word is printed). This is a classical executive process.

Although the task is predominantly a test of executive function, other 

cognitive skills are also recruited to complete the task, as few cognitive 

tests are process pure (Jurado and Rosselli, 2007).

The design of the Stroop CWI Task permitted the extraction of the 

executive component of the test using a standard subtraction paradigm.
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Non-executive factors (including bulbar disability) contribute equally to 

the two subtasks of the Stroop CWI Task, but Part B places additional 

executive demands. Thus it would be expected that the difference in 

scores between the two subtasks would reflect the number of words "lost" 

due to this executive demand, and would therefore be proportional to the  

degree of executive impairm ent present.

Scoring: In  each of the two test parts or trials (Part A and Part-B), the 

number of correct responses generated in two minutes was recorded.

The number of words generated in part B (the interference subtask) was 

subtracted from the number of words generated (over the same tim e  

period) in part A (priming subtask). The resulting score (the difference in 

scores the two subtasks) was assumed to reflect the effect of the 

additional executive demands of Part B. This score used in all relevant 

analyses Of note higher scores indicated increased delay in the second 

subtask, and thus worse executive function.

5) Backward Digit Span

The digit span subtest of the Wechsler Memory Scale is a commonly used 

test of attention, working memory, and mental processing capacity 

(Wechsler D., 1997). This subtest includes (1 ) a forward digit span task in 

which the subjects are instructed to repeat series of digit strings; and (2 ) 

a backward digit span task in which the subjects are instructed to repeat 

a series of digit strings backwards, for example when the exam iner says 

7 -1 -9 , the subject is expected to say 9 -1 -7 .
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The length of the  digit s equences  p resen ted  to the  participants is 

increased serially to reach a maximunn of nine digits for the  forward digit 

span  and eight digits for the  backward digit span.

There  is evidence suggesting th a t  backward but not forward digit span  is 

innpaired in ALS patien ts  (Hanagasi  e t  al., 2002; Moretti e t  al., 2002) .  This 

is likely to be related to the  extra d e m an d s  placed on both working 

m em ory  and inhibitory control in case  of backward digit span (Royall e t  

al., 2002; Hanagasi  e t  al., 2002).  In this s tudy the  subjec ts '  performance 

on th e  backward digit span  ta sk  was  included in the  a s s e s s m e n t  of their  

executive functioning.

Scoring: The participants received one point per  each sequence  repea ted  

correctly in the  reverse  order  resulting in a maximum of 14 points.  This 

raw score  was conver ted to an age-ad jus ted  scaled score which was 

subsequent ly  used in all stat istical analyses.

5.4.2 Memory Function

Several  memory  ta sks  were  utilized to evaluate  m em ory  function in ALS 

patients.  These  ta sks  are  described below.

1) Logical Memory

Logical Memory (LM) is su b se t  of the  Wechsler Memory Test-I II  (Wechsler 

D., 1997) th a t  exam ines  the  ability to recall and  recognise  multiple 

e lem en ts  in a logical story sequence .  The sub jec t  was  required to repea t
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two short vignettes immediately after an auditory presentation. This part 

of the task is term ed the "im m ediate recall" section or "LM -I". The second 

vignette was presented twice. The subject was then informed that they 

will be required to recall the vignettes at later stage.

After an interval of 30 minutes (during which other tasks in the 

neuropsychological battery are adm inistered) the subject was required to 

recall again the two vignettes. This subtask is termed "delayed recall" or 

LM -II. In addition the subject was required to answer 30 questions 

regarding the vignettes with "Yes" or "No" options to test his/her ability to 

recognise key story elements.

Scoring-. Several memory scores were generated from the subject's 

performance on this task:

• LM-I: the total number of correct story units and main themes 

recalled from the three trials of imm ediate recall (one trial for first 

vignette and two trials for the second vignette) was recorded. The 

total score of correct story units was then converted to an age- 

adjusted scaled score which was then used in all statistical analyses 

involving LM-I (or imm ediate story recall).

• LM -II: the total number of correct story units and main themes 

recalled from the two trials of delayed recall (one for each 

vignette) was recorded. The total score of correct story units was 

then converted to an age-adjusted scaled score which was then
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used in all statistical analysis involving LM -II (or delayed story 

recall).

• LM-Retention: This was calculated by dividing LM -II raw score (the  

total number of correct story units recalled from the two trials of 

delayed recall-one for each vignette) by total number of story units 

obtained during LM-I from the immediate recall by first vignette and 

the second trial second vignette. The figure obtained was 

multiplied by 100%  to obtain an estimate of the percentage of the 

information that was registered that was recalled 30 minutes later. 

This percentage was then converted to an age-adjusted scaled 

score which was then used in all statistical analyses involving LM- 

Retention (or story retention).

• LM-Recognition: The correct number of responses to the 30 

recognition questions was added to the score obtained from the  

Recognition Trial of the Verbal Paired Associates Task (see below). 

The new figure obtained was converted to age-adjusted Auditory 

Delayed Recognition (ADR) scaled score which was then used in all 

statistical analyses involving ADR or "Recognition".

2) Verbal Paired Associate Learning

The Verbal Paired Associate Learning Task (VPAL) memory test is also a 

subtest of the Wechsler Memory S c a le -Ill (Wechsler D., 1997). The 

subject was presented with a list of eight semantically unrelated word
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pairs such as "Reptile- Clown". The subject was then provided with one 

part of each pair (e.g . Reptile) and was required to recall the word that 

formed the second part of the pair (e.g. Clown in this case). The list was 

read four times and recall was tested imm ediately after each trial (I.e . four 

imm ediate recall trials in total were undertaken), and then once after a 

30-m inute delay, in the last occasion without reading the list again. After 

the 30-m inute interval, the subject was also presented with a list of 24 

word pairs to test his/her ability to recognise the original eight pairs.

Scoring: Several scores were generated from the subjects' performance 

on this task:

• VPAL-I: For each of the four trials of imm ediate recall the subject 

was awarded one point per each correctly recalled pair. The total 

score of the four trials (m axim um  32 points) was then converted to 

an age-adjusted scaled score which was then used in all statistical 

analyses involving VPAL-I (or imm ediate paired-list recall).

• VPAL-II: The subject was awarded one point per each correctly 

recalled pair after the 30-m inute interval (m axim um  8 points). This 

score was then converted to an age-adjusted scaled score which 

was used in all statistical analyses involving VPAL-II (or delayed 

paired-list recall).

• VPAL-Retention: The subject's raw VPAL-II score (the number of 

correctly recalled word pairs after a 30-m inute interval) was divided 

by the score obtained on the fourth (i.e . the last) im m ediate recall
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trial, and then the obtained figure was multiplied by 100%  to 

estimate the percentage retention of the paired-list. This 

percentage was converted to an age-adjusted scaled score which 

was used in all statistical analyses involving VPAL-Retention (or 

paired-list retention).

• VPAL-Recognition: The number of correct responses to 24 Yes-No 

recognition questions was added to the raw score obtained from the  

Logical Memory (LM) Recognition Trial. The figure obtained was 

converted to an age-adjusted Auditory Delayed Recognition (ADR) 

scaled score which was then used in all statistical analyses involving 

Auditory Delayed Recognition or "Recognition".

3) Rey-Osterrieth Complex Figure Test

The Rey-Osterrieth complex figure test (ROCF) was developed by Rey in 

1941 and was standardized by Osterrieth in 1944 (Rey, 1941, Osterrieth, 

1944).

The version of the task used in this study (Meyers, 1995) consists of three  

subtasks: (1 ) a "Copy trial" in which the subject was asked to copy a 

complex figure; (2 ) an "Im m ediate Recall Trial" in which the subject was 

instructed to reproduce the figure from memory imm ediately after copying 

it and without previous warning, and (3 ) a "Delayed Recall Trial" in which 

the subject was asked to reproduce the figure again from memory after a 

20 minutes delay.
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The ROCF is a widely used brief t e s t  t h a t  evalua tes  both visuo- 

constructive abilities and non-verbal memory .  The ROCF was th e  only 

ta sk  used to t e s t  m em ory  in pa tients  with seve re  bulbar im pa i rm en t  as 

the re  was  no verbal component .  The task  is a largely m oto r  ta sk  a s  it 

requires  the  ability to  draw. To avoid any  confounding effects of physical 

disability the  t ime taken  to produce the  drawings  was not factored in 

scoring,  and those  with seve re  limb w eakness  were  not tes ted .

Scoring-. The th ree  trials were  scored according to s tandard ised  scoring 

sys tem  th a t  included organisation,  accuracy  and  location of the  various 

parts  of the  complex figure. The raw scores  were conver ted to age  

ad jus ted  T scores  which were  then  used in fu r ther  analyses.

5.4.3 Language & visuo-constructive abilities

Deficits in Language  and Visuo-constructive abilities were  sc reened  for 

using the  following ta sks

4) Rey-Osterrieth Complex Figure Tes t  (ROCF)

The copy trial of the  ROCF, as  described above,  was  used to sc reen  for 

visuo-construct ive abnormalit ies.  It is essential  to note  t h a t  it is known 

th a t  both executive function and perceptual p rocesses  are  closely involved 

in the  accura te  copy and reproduction of th e  complex figure of the  ROCF 

task  (Shin e t  al., 2006).
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5) Boston Nanning Test (BNT)

A 30-item  version of the BNT (Graves R. E., 2004; Kaplan E, 2001) was 

used to screen for language deficits. The BNT is a test of confrontational 

naming in which the subjects were presented with simple line drawings 

of objects and asked to produce the common name of the objects.

The BNT test was selected for screening for language problems because it 

is a brief but highly informative test. I t  includes both high and low 

frequency items taking into account that only the latter may be affected in 

patients with dysnomia.

There is evidence suggesting that the BNT is sensitive to mild language 

impairment in healthy elderly (Nicholas et al., 1985), and in patients with 

early dementia (Hodges et al., 1991). The BNT can also yields rich and 

detailed information on lexical abilities that extend beyond the severity of 

word finding impairment. Qualitative examination of the errors, for 

example semantic errors versus problems in phonological processing, can 

help generate hypothesis for type of language difficulty present (Diehl et 

al., 2005; Goldstein G, 2004 ). This test has the added advantage of being 

a simple test that can used in bulbar patients.

Scoring: The subjects were awarded one point per each correctly named 

object. When the names were written down (bulbar patients) spelling 

mistakes were noted but no marks were omitted as long as the intended 

word was clear.
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6) The Pyramid and Palm Trees  t e s t

The Pyramid and Palm t re e s  t e s t  (Howard, 1992)  is a t a sk  t h a t  evalua tes  

associative sem ant ic  knowledge. The subjec t  was  p resen ted  with 52 

picture tr iads  and asked to indicate which of two possible a lternat ives  (for 

example,  palm or fir t ree )  is associa ted  with the  t a rg e t  (pyramid) .  This 

te s t  has  previously been used in patients  with ALS (Rakowicz and Hodges,  

1998).

This t e s t  was  not part  of the  routine batte ry .  The task  was used in 

fur ther  evaluation of patients  in whom sem ant ic  language  difficulties were 

suspec ted ,  for example  em pty  circumlocutory speech ,  or multiple 

semant ic  paraphas ic  errors  on confrontational naming. This t e s t  has a 

nu m b er  of potential  versions and  in the  current  s tudy the  non-verbal 

picture version was utilized.

5.4.4 Premorbid & Current Intellectual Functioning

7) W ech s le rT es t  of Adult Reading (WTAR)

The WTAR (Wechsler D., 2001 ) was used in this s tudy to e s t im a te  the  

subjec ts '  pre-morbid  intelligence quotient (IQ). The WTAR is a reading 

t e s t  t h a t  comprises  50 words  with irregular pronunciations.  As s tandard  

pronunciation rules do not apply,  to read the  words  correctly t h e  subjec t  

m us t  have  prior knowledge of the  words.
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The rationale behind the test is that reading tasks such as the WTAR rely 

on relatively "pure" recognition abilities and thus place minimal demands 

on memory and executive function and unlike most other cognitive 

abilities, tend to remain relatively stable in the presence of general 

cognitive decline (Halligan, 2003).

The WTAR was developed and normed at the same tim e as the Adult 

Intelligence Scale® —Third Edition (W A IS ® - II I  ) and Wechsler Memory 

Scale® —Third Edition (W M S ® -III ) .  This co-developm ent enables the  

WTAR to be an effective method for predicting full-scale IQ and memory  

performance.

Scoring: The subject is awarded one point for each correct pronunciation 

to yield a maximum of 50 points. The raw scores are converted to age 

adjusted standardised scores which are subsequently converted to Full 

Scale Intelligence Quotients (FSIQ) using the appropriate nomograms.

8) Raven's Coloured Progressive Matrices (RCPM)

The RCPM was originally developed by John Raven in 1936. This is a well- 

validated measure of non-verbal general intelligence. The version used in 

this study comprised a 36 page booklet presented to the subject one page 

at a tim e. Each page contained a large figure or pattern with a missing 

piece. Below the large figure/pattern were six small figures one of which 

completed the figure or pattern. The subject was required to select from  

correct figure from the six possible options. The 36 items were placed in 3
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se ts  of 12 i tems. I t e m s  within each se t  are  a r ranged  in increasing o rder  

of relative difficulty (easy  i tems first).

The use of the  RCPM has  several  adv an tag es .  It requires no verbal input 

and minimal motor  input. Patients with severe  physical and bu lbar 

disability often can still under take  the  t e s t  by simply pointing to  the  

responses .

5.4.5 Mood and Behaviour

9) The Hospital Anxiety and Depression Scale (HADS)

Mood dis tu rbances ,  specifically anxiety and depress ion were  a s s e s s e d  in 

this s tudy using the  HADS (Zigmond and Snaith,  1983).  One i tem, "I feel 

slowed down" was  omit ted  from both patient and control scores  to avoid 

confounding effect  of physical disability.

10) The Frontal S ys tem s  Behaviour Scale (FrSBe)

Information on behaviour  was obta ined via direct a s s e s s m e n t  of the  

patient,  and sem i-s t ruc tu red  interviews with the  carers  (using the  

Manchester-Lund Criteria as  a tem p la te  for quest ions) ,  and the  use  of the  

FrSBe questionnaire  (Grace e t  al., 1999).

The FrsBe scale is comprised  of a Self-Rated form (to be filled by the  

subject)  and a Family Rated Form (to be comple ted by sub jec t ' s  carer) .  

Both forms pose th e  s a m e  46 i tems differing only in pronoun used,  for
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exam ple  the  i tem "am disorganised" in the  Self-Rated Form becom es  "is 

disorganised" in th e  Family-rated Form. On each form the  i tems are  

scored in the  range  1 = a lmost never,  2 = seldom, 3 -  som et im es ,  4 = 

frequent ly ,  and  5 ^ a lm o s t  always) according to their  accuracy in 

describing the  subjec t ' s  behaviour both "Before Illness and Injury" (to 

establish pre-morbid  behaviour) and "At Present Time" (to es t im ate  any 

change  due  to the  current illness).

Scoring: The 46  i tems were  designed to cover th re e  behavioural  clusters  

often observed  in patients  with frontal lobe lesions: apathe tic  behaviour,  

disinhibition, and  dysexecutive  behaviour.  Both th e  Self and Family ra ted 

forms yield s ep a ra te  "Before Illness" and "At Present"  scores  in four 

subscales :  "apathy" ,  "disinihibition" "dysexecu tve  behaviour",  and "total 

behaviour".  Raw scores  were conver ted  to age ,  sex and education 

ad jus ted  T score.  Any quest ions  left unansw ered  were  a s su m e d  normal

5.5 Cognitive & Behavioural Categorisation

5.5.1 Diagnosis of Co-morbid Dementias.

Co-morbid f rontotemporal dement ia  (ALS-FTD) in this s tudy was  defined 

as  a behavioural  or language disorder t h a t  fulfilled the  Manchester-Lund 

criteria for FTLD (Neary e t  al., 1998, s ee  appendix  6). The revised 

diagnostic criteria for FTLD proposed by Rascovsky e t  al ( 2 0 1 1 ,  s e e  

a p p e n d i x  7) could not be adopted  in this s tudy because  of their  very 

recen t  publication.
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All cases  suspec ted  of co-morbid FTLD were  ascer ta ined  by a senior 

psychologist (NP). For example  if a case  of sem ant ic  dem en t ia  (SmD) 

was suspec ted  due  to observed loss of conceptual  knowledge, naming 

difficulties, and poor word comprehens ion ,  then  the  patient was  referred 

for fu r ther  a s s e s s m e n t  by senior psychologist . The Boston Naming Test  

(BNT) helped in this regard to identify substi tution of generic  categories  

e.g.  zebra  ^  giraffe ^  horse  ^  animal ^ n o t h i n g  i.e. the  decline of the  

category  n am e  to inability to re trieve information.  Other  clues t h a t  led to 

suspicion included surface dyslexia with preserved  ability to read 

orthographically regular word and circumlocutory re sponse  such a s  saying 

"furry, e a t s  car ro ts"  instead of "rabbit". Further a s s e s s m e n t  usually 

included the  Pyramids and  Palm Trees  test .

Diagnosis of o the r  co-morbid dem en t ias  such as  dement ia  of the  

Alzheimer's type  was reliant on the  criteria reco m m en d ed  by Diagnostic 

and Statistical Manual of Mental Disorders-IV criteria (DSM-IV, American 

Psychiatric Association 1994) and  the  National Ins ti tu te  of Neurological 

and Communicat ive  Disorders and S troke-Alzheimer 's  Disease  and 

Related Disorders Association (NINCDS-ADRDA ) (McKhann e t  al., 1984).

5.5.2 Cognitive Impairment

ALS patients  in whom the  diagnosis of dem ent ia  was excluded were 

fur ther  stratified based  on their  neuropsychological  performance  a t  each 

a s s e s s m e n t  com pared  to t h a t  of a cohort  of HC on th e  s a m e  a sse ssm en t .  

HC were  m atched  to patients  with regard to age ,  sex ,  and education.  HC 

also underw en t  repea ted  a s s e s s m e n t s  to ad jus t  for any  learning effects.
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Non-demented ALS patients were classified from a cognitive point of view 

using two different methods:

(1) The cohort was first classified using the recently published 

consensus criteria for frontotemporal syndromes in ALS (Strong 

et al., 2009): Cognitive impairment was defined as impairment 

on two tests of executive function tha t was below the 5th 

percentile of healthy controls.

(2) The patients were also classified using a specifically designed 

cognitive domain-based classification system. This method 

differed from the consensus criteria in two ways:

(i) a more stringent cut off of two standard deviations 

below the mean for healthy controls (2.3rd percentile 

as opposed to 5th percentile) was used to define 

abnormal performance; and

(ii) the presence of impairment in non-executive 

cognitive domains was taken into account, in addition 

to the number of cognitive domains involved.

The latter system involved a two-step process. The firs t step was the 

documentation of the presence/absence of dysfunction on each of the four 

cognitive domains evaluated by the battery (executive function/attention, 

memory, language, and visuo-constructional abilities). The criteria used to 

define impairment in each domain are detailed in table 5.1.

137



The second s tep  involved dividing the  participants  into th re e  g roups  based  

on the  p re sence  or absence  of innpairment on any  cognitive domain  and 

on w h e th e r  th e  executive domain was  involved:

1. Im pa i rm en t  in executive dysfunction e ither single domain  or  in 

association with im pairment  in o the r  cognitive dom ains  

(mult i-domain);

2. Non-executive cognitive impairment  (NECI), e i ther  single 

domain (e.g. language only) or multidomain dysfunction (e .g.  

language  and memory) ;

3. No de tec ted  cognitive abnormality

The dom ain -based  sys tem  was  also used to explore cognitive im pa irm ent  

ALS-FTD pa tients  but controls were  matched  on a 1:1 basis  to ALS-FTD 

cohort .

5.5.3 Behavioural Impairment

Behavioural im pairment  was  de termined  using the  FrSBe Family-rated 

form. As detailed in section 5.4 .5,  FrSBe includes carer  e s t im a te s  of the  

sub jec ts '  behaviour both "Before Onse t  of Illness or Injury" and  "At 

Present".
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Both the "Before" and "At Present" estimates generated raw scores for

four subscales (apathy, disinhibition, dysexecutive behaviour, total

behaviour) which were then converted to age, sex and education 

adjusted T scores. A T score of 65 or more is generally accepted as 

abnormal.

To address the subjective nature of behavioural reports obtained from  

carers a stringent definition of behaviour im pairm ent was used:

• An "At Present" T sub-score of 65 or more on any of the four

subscales was classified as "abnormal" if its complimentary

"Before Onset of Illness or Injury" T score was less than 65

• An "At Present" T sub-score of 65 or more on any of the four

subscales was classified as "abnormal" when complimentary

"Before Onset of Illness or Injury" T score was also 65 or more only 

if the "At Present" T score exceeded the "Before Illness or Injury" 

subscore by at least 5 points.

• The diagnosis of "behavioural Im pairm ent" required im pairm ent on 

least two out the four "At Present" subscales.
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5.6 Exploratory Studies

5.6.1 Exploratory (1) Social Cognition

5.6.1.1 Participants

Social cognitive function was  invest igated in nes ted  sub-cohor t  of the  

popula tion-based sample.  The demographics  and  cognitive function of this 

nes ted  sub-cohor t  were compared  to those  of main cohort  to ensu re  lack 

of significant differences.

5.6.1.2 Reading the M in d  in the Eyes

Social cognition in this s tudy was evaluated  using the  Reading the  Mind in 

the  Eyes ta sk  (RME).

Human beings tend  to preferentially focus on th e  eye  region of o ther 

individuals in order  to ex tract  complex meaning regarding motives, 

feelings, and intentions. The RME is a ta sk  th a t  utilizes this tendency  to 

evaluate  theory  of mind abilities, particularly "affective" th eory  of mind 

i.e. the  ability to infer how o ther  individuals a re  feeling.

The subjec t  was  p resen ted  with 36 black and  white pho tographs  of the  

eye  region of male  and female  actors  depicting complex emot ions  such 

feeling "playful" or "reflective". The subjec t  was  required to select  from 

four options the  word th a t  m os t  accura tely described the  feelings of the  

individuals depicted in photographs .
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The RME has been shown to display convergent validity with social- 

cognitive tests of theory of mind as well as reasonable cross-cultural 

validity, and to reliably differentiate healthy subjects from subjects with 

clinically impaired social perception, such as autism spectrum disorders 

(Adams et al., 2010; Baron-Cohen et al., 1999; Adolphs et al., 2002).

Performance on the RME has been linked to brain regions known to 

integral to social cognitive functioning including the medial prefrontal 

cortex, orbitofrontal cortex, and temporal lobes, particularly the superior 

temporal sulcus (Gallagher and Frith, 2003; Baron-Cohen et al., 1999; 

Adams et al., 2010).

Additional advantages of this task include the fact that it is untimed and 

that it is not affected by severe physical disability as patients can simply 

point to their selected response. The main disadvantage of this task is 

that some of the words used to describe emotions are relatively difficult 

(e.g. "despondent", "aghast") which may can result in educational 

attainment exerting a confounding effect. This was addressed in two 

ways. Before the task was administered, the subject was informed (as per 

test instructions) that he/she could enquire on the specific meaning of any 

word if its exact meaning was not clear. Secondly matching for 

educational attainment was used to ensure any observed findings were 

not due to differences in education.

Scoring: the number of correct responses was recorded (maximum 36) 

and that score was included in all calculations.
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5.6.2 Exploratory (2) Prognostic Modelling 

No protocol a m e n d m e n t s  were  m ade  for this exploratory  study.

5.7 Genetic Screening

For exonic re -sequencing  of SO D l ,  FUS, TARDBP and OPTN, Illumina 

sequencing libraries were  prepared  from genomic  pa tient DNA and  then 

enriched for t a rg e t  s equences  using a cus tom SureSelec t  ta rg e t  

enr ichm ent  sys tem  (Agilent, San ta  Clara, CA) as  per  the  m anufac turer 's  

instructions with so m e  modifications.  Modifications included the  use  of 

cus tom barcoded Illumina sequencing a d ap te r s  (Metabion, Martinsried,  

Germany)  in place of s tandard  a d ap te r s  in library prepara t ion,  and  the  

pooling of s ample  libraries prior to t a rg e t  enr ichment .  Premorbid

Enriched library pools were  sequenced  e ither  by 80 bp paired-end 

sequencing on an Illumina Genome Analyser II a t  TrinSeq, Ins ti tute  of 

Molecular Medicine, Trinity College Dublin or 101 bp single end sequencing 

on a Hiseq 2000 a t  GATC Biotech AG, European Genom e and Diagnostics 

Centre,  Jakob-Stadler-P la tz  7, 78467  Konstanz,  Switzerland. Variant and 

geno type  calls were  m ade  from the  sequencing  da ta  with some 

modifications.

To screen for th e  C9orf72 hexanucleot ide  rep ea t  expans ion, DNA samples  

were  screened  for a GGGGCC rep ea t  in ch ro m o so m e  9 using a repeat-  

primed PCR. PCR products  were analysed on an applied Biosystems
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(Foster City, CA, USA) 3130x1 genetic analyser then examined visually for 

the characteristic appearance of the expanded repeat with a decaying 

series of 23 of more considered pathogenic (Genemapper Software, 

version 4.0). The cut o ff of 23 was selected based on the healthy control 

data reported by De-Jesus-Hernandez et al (2011).

The PCR analyses was validated using southern blotting in samples from 

12 unrelated individuals who carry the C9orf72 repeat expansion but were 

not part of this study

5.8 Statistical Analyses

5.8.1 Power Analyses

To adequately test the primary hypotheses of this study, the sample size 

required to provide adequate power to identify two basic clinically 

meaningful effects was estimated. These two effects were:

1. The difference in cognitive function between ALS patients and 

healthy controls.

2. The difference in cognitive function between cognitively impaired 

ALS patients and cognitively intact ALS patients
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The First Effect: The difference in cognitive function between ALS patients 

and healthy controls (HC).

The largest study of cognitive function in ALS published to date, a clinic 

based study, was used for obtaining the data required to calculate the 

sample size needed to provide 80%  power to identify this effect (Ringholz 

et al., 2005). In this study, the combined data from ALS patients (n=279) 

and HC (n = 129) on untimed tasks was adjusted for age and education 

then used in K-means cluster analysis. ALS patients were subdivided into 

four groups based on cognitive function: normal, mild impairment, 

moderate impairment and severe impairment.

The frequency of mild cognitive impairment in ALS patients (32% ) 

compared to that of HC (5 .7% ) was used to calculate the standardized 

difference between the two groups. The sample size required for each arm 

of the study was ten calculate using three different methods.

Standardized difference was calculated using the following formula: 

p i -p 2 ) /  V  pm (1-pm ) where p i and p2 are the proportion estimates 

for each group with a mean of pm (Whitley and Ball, 2002).

= (0 .3 2 -0 .0 6 )/ V  0 .13 (1 -0 .13 )

= 0.26 /  0.34

= 0.76
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Sample size per arm required for a power of 80%  at a two-tailed alpha

value of 0 .05 was then estimated using 3 methods

a) Calculated using the statistical formula 7.9 x [p i  ( 1 - p l )  + p2 

( l - p 2 )  /  (p l -p 2 )2  ] where p i  and p2 are the proportion estimates for

each group (Chan, 2003, Whitley and Ball, 2002):

= 7.9 X [ (0 .32  X 0.68) + (0 .06x  0 .94 )  /  (0 .3 2 -0 .0 6 )  2 ]

= 7.9 X (0 .2 2 +  0 .0 6 /0 .0 7 )

= 31.6 participants per arm

b.) Consulting the relevant tables of sample size requirement for 

the difference between independent proportions provided by Norman and 

Streiner (Norman, 2002) which utilizes the arcsine formula with Fleiss' 

correction for continuity: the required sample size was

= 31 participants per arm

c). Consulting the relevant nomogram for calculating sample size 

provided by Altman (Altman, 1991): minimum sample size was

= 32.5 participants per arm

The average value of the minimum sample size required using the 3 

methods was 31.7 (range 30 -32 .5 )  participants per arm (ALS patients 

versus HC).
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1) The Second Effect: the difference in cognitive function between  

cognitively impaired ALS patients and cognitively intact ALS 

patients.

To calculate the expected effect size in this case, data from the same 

study cited above (Ringholz et al., 2005) was used to compare the 

difference in performance between ALS patients with and without 

cognitive impairment. We compared the mean z scores of patients 

categorised as categorised as having "mild impairment" ( -1 .3 , SD 1 .6 ) on 

the Verbal series Attention Test (VSAT (M ahurin)) to those of ALS patients 

categorised as "normal" (-0 .3 , SD 1 .3 ). This was to ensure that our study 

had enough power to identify differences between cognitively intact 

patient and patients with the mildest form of cognitive im pairm ent. The 

VSAT was selected because it was only untimed executive task used in the 

study (in the absence of appropriate adjustm ent the results of timed tasks 

are likely to be influenced by delay due to physical disability and as such 

were not included).

The Standardized Effect Size was calculated by dividing the difference in 

mean performance between the two groups by the common standard 

deviation (Chan 2002, W hitley and Ball, 2002 ).

= M l-  M2 divided by V  (S D 12+  SD22 ) /2  where 

M land M2 represent is the mean score of the first and second group 

respectively while S D l and SD2 represent the standard deviation for the 

first and second group respectively
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= 1.3-0.3 divided by V  (1 .62  + 1 .22)/2

= 1.0 /  1.4 

= 0.71

Required Sample size for each group for a power of 80% at a two-tailed 

alpha value of 0.05 was estimated using three different methods:

a) Calculating sample size using Lehr's formula (Chan, 2002)

= [(2x7.9)/the  square of standardized effect size] +1 

= [15 .8/0 .50] + l  

= 32 participants per arm

b) Consulting relevant tables of sample size requirement for 

independent T test (Norman, 2002)

= 32 participants per arm

c). Consulting relevant nomogram fo r calculating sample size 

provided by Altman (1991)

= 32.5 participants per arm.

As the cognitive status of patients was not known at time of recruitment 

it was necessary to ensure that at least 32 patients with mild cognitive 

impairment are recruited. Estimating tha t at least 30% of the recruited
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patient  cohort  will belong to this subgroup  (Ringholz et  al., 2005) then  the  

nninimal required size for the  whole ALS cohort  would be (32 x3) 96 

patients.

5.8.2 Treatment of Missing Data

Because of th e  range  of physical disabilities in the  ALS cohort ,  no t all 

patients  comple ted all te s t s .  In addition, not all pa tients  were  able to 

under take  repea ted  a s se s sm e n ts .  Missing data  were  excluded from 

individual analyses  but the  cases  were  re ta ined in the  da tase t .

5.8.3 Statistical Methods and Survival Analyses

Following detailed exploratory  analysis,  categorical  da ta  were  p resen ted  

as  proportions while continuous variables were  p resen ted  ei ther as  m eans  

(and s tandard  deviations,  SD) or medians  (and interquarti le ranges ,  IQR) 

depending on da ta  conformity to a normal distribution.

In te r-group compar isons  were  m ade  using the  Chi - squa re  (x^) t e s t  in 

case  of categorical  variables,  with Monte Carlo correction sample  size was 

small. I n d e p e n d en t  two-sam ple  T t e s t  or one  way Analysis of variance 

(ANOVA) were used for cont inuous  variables.  Where da ta  failed to  m eet  

criteria for parametr ic  analysis,  they  were  e ither  t ransform ed  according to 

statistical s tan d a rd s  or non-parametr ic  t e s t s  (Kruskal Wallis t e s t  or Mann- 

Whitney tes t )  were  used.  The Bonfeorroni correction m ethod  for multiple 

compar isons  was  used to ad jus t  the  alpha level where  appropr ia te .
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Correlation analysis was carried out by calculating the Spearm an's rank  

correlation co-efficient (rho). The value of rho (range -1  to +  1) was used 

to determ ine the statistical significance of the  correlation. I f  the rho 

atta ined or exceeded the critical value required to achieve an a level of 

significance equivalent to p < 0 .0 5  for the sample size involved in the  

calculation (Zar, 199 9 ) .  The Cohen's (1 9 8 8 )  guidelines were used to 

define the strength of statistically significant correlations: rho value of 0 .0  

to 0 .2 9  =  weak correlation; rho value of 0 .3 0  to 0 .4 9  = m oderate  

strength correlation; and rho value of 0 .5  to 1 .0  =  strong correlation.

Linear and Logistic (binary or multinomial) regression analyses were used 

to identify predictors of continuous and categorical variable outcomes  

respectively. For multiple linear and binary logistic regression analyses, 

the Enter method was used. Ordinal regression analyses were used where  

the dependent displayed an ordinal in nature for exam ple, prognostic 

categories of increasingly worse outcome.

Survival t im e was defined as t im e from sym ptom  onset to tim e of death  

from all causes. Patients who were alive at t im e of analyses were  

censored. Univariate assessment of the survival effect of categorical 

variables was carried out Kaplan-Meier (KM) survival analysis and equality  

of outcome was assessed using the log rank test. Cox proportional 

hazards method was used for univariate survival analysis of continuous 

variables, estimation of hazard ratios (HR) and 9 5 %  confidence intervals  

( 9 5 % C I ) .  Cox's proportional hazards regression was also used for 

m ultivariate  analysis using backward elimination (Wald's tes t) .  Log minus
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log graphs of covariates were constructed prior to inclusion in Cox models 

to ensure  that proportional hazard assumption was not violated.

Mean scores on the different neuropsychological tasks were used for inter

group comparisons of cognitive performance at baseline. For longitudinal 

comparisons the participants' performance were presented as mean z 

scores. Z scores were obtained by using healthy control data for the 

appropriate a ssessm en t  as reference to ensure adjustment  for learning 

effects. Intergroup analysis was carried out using repeat-measure  ANOVA. 

When data failed to meet  criteria for parametric analysis, non-parametric 

methods were used to compare the change in participant z scores 

between assessm ents  in the different subgroups.

In order to investigate whether  the cognitive s ta tus  of individual patients 

changed over time, the patients were re-categorised at each repeat 

a s sessm ent  (T2-T4) by comparing their performance to matched HC who 

undertook the same number  of repeated assessments .  At each 

assessment ,  the HC were matched to the patient cohort with regard to 

age, sex, and education.

All tes ts  were two tailed and statistical significance was set at  p<0.05 

except  when adjusted for multiple comparisons. Statistical analyses were 

carried out using SPSS (versions 19, SPSS Inc, Chicago, Illinois).
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6.1 Introduction

This chap te r  is focused on the  first aim of th e  thesis:

Aim (1) To invest igate  w h e th e r  the  cognitive s ta tus  of ALS patients  can be 

used to divide patients  into clearly defined cognitive subgroups  with 

distinct demographic  s ignatures ,  neuropsychological profiles, and clinical 

characterist ics.

In this chapte r,  the  popula tion-based incidence of cognitive impairment in 

ALS pa tients  is docum ented  and the  association of cognitive impairment 

with distinct demographic  a n d /o r  neuropsychological profile(s) is explored.

6.2 Sample Size and Population-based Sampling

As per the  Irish ALS regis ter in July 2011,  395 pa t ien ts  were  diagnosed 

with possible, probable or definite ALS (as per th e  Revised El Escorial 

Criteria) in the  Republic of Ireland in the  period extending from October  

2006 to February 2011. Of t h e se  244 pa tients  were recruited to the  study 

(61 .8% ).  37 patients  were  subsequent ly  excluded resulting in a final 

cohort  of 207 ALS patients.

Figure 6.1 details  the  reasons  for exclusions, and in case  of n on 

participants reasons  for non-captu re .
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Figure 6.1. A summary o f the process of patient recruitment and reasons for patient non

capture and exclusion.

ALS Patients diagnosed \  
Oct 2006 -Feb 2011 I

n=395
Not Captured 

n=151

Captured Cases 
n=244

Died Prior 
to Capture 

n=95

Declined
Participation

n=47
Did not respond 

to invitation 
n=9

Met Exclusion 
Criteria?

YES

NO

Final Participants 
n=207

N=37
Major hemispheric Strol<e n=9 

Alcohol dependence Syndrome n=6 
Pre-morbid Learning Disability n = l  

Major Psychiatric disorder n=3 
Atypical course suggestive of variant n=4 

Severe Active Epilepsy n = l  
Too sick at time of visit n=8 

Undertook less than two executive tasks at baseline
n=4

Patient not informed of diagnosis n = l

** the atypical clinical manifestations: a co-morbid parkinsonian syndrome (n=l); a very 

slow progressing upper motor predominant weakness suggestive of progressive lateral 

sclerosis (n=2), with a delay of nine years between symptom onset and diagnosis in one case; 

and a very slow progressing pure lower motor neuron syndrome (n = l).

T h e  re a s o n s  p rov ided  by p a t ie n ts  for declining partic ipa tion  included 

feeling  to o  sick o r  w e a k  to  p a r t ic ip a te  (n = 10),  an d  being afraid th a t  

te s t in g  would c a u s e  u n d u e  s t r e s s  (n = 7). H ow ever, in th e  m ajo rity  of 

c a s e s  (n = 30) no specific c a u s e  w as  given.
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Basic demographics available on all ALS patients diagnosed within the 

study period (captured and not captured) included age, sex, site of onset, 

delay to diagnosis, and overall survival time. ALS patients included in the 

final study cohort (n = 207) were significantly younger at time of diagnosis 

(mean age 61.41, standard deviation or SD 10.30) compared to ALS 

patients diagnosed within the same time period who did not participate in 

the study due to non-capture or exclusion (non-participants, mean age 

69.04, SD 10.86, p<0.0001,  n = 188, date of birth unavailable in 2 cases).

There was no significant difference between participants and non

participants with regard to gender distribution (59 .4%  males versus 

50.5% , p=0.094),  or site of onset (participants: bulbar-onset 35.3% , 

spinal-onset 63 .3% , and respiratory-onset 1.4% versus non-participants 

bulbar-onset 40 .5% , spinal-onset 57.8%  and respiratory-onset 1.6% , 

p=0.520).  However, median delay to diagnosis was longer in participants 

(11.00 months. Interquartile range or IQR 11.00) compared to non

participants (9 .00 months, IQR 8, p=0.024).

Median survival time, estimated from time of symptom onset, was 

significantly shorter in non-participants (21.00 months 95%  Cl 19.03- 

22.97) compared to participants (34.00 months, 95%  Cl 31.61-36.39, 

p<0.0001). The observed difference in median survival between 

participants and non-participants seemed to be driven by two factors: 

(I) older age at symptom onset in non-participants, and (ii) a subgroup of 

ALS patients with particularly aggressive disease leading to death within 6 

months of diagnosis, representing 35.6%  of non-participants compared to 

6.8%  of participants {p<0.0001).
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On exclusion of patients with very aggressive disease (defined as  disease 

leading to death within six months of diagnosis), and adjusting for age  at 

t ime of symptom onset,  there  was no significant difference in the  median 

survival of between participant and non-participants {p=0.307).

6.3 Demographics of the Final Patient Cohort

Detailed demographics of the final cohort (n = 207) are shown in table 6.1.

87.9% of ALS patients were evaluated within one year of diagnosis. The 

median time to first evaluation was 5 months (IQR=5). Median delay from 

symptom onset was 17 months (IQR 14.00). Of note,  15% of patients in 

the cohort were still in active employment  at t ime of first assessment .

Arterialised capillary blood gas tensions were documented at  t ime of 

assessm ent  in 193 patients (93.23%) using a mobile transcutaneous 

sensor (TOSCA 500, Radiometer Ireland Ltd). None of the patients had 

evidence of hypoxemia (defined as oxygen saturation less than 92 

mmHg). Median blood gas  tensions are shown in table 6.1

Genetic screening for known gene mutations (described in detail in section 

5.7) was carried out in 186 patients (89.86%).  18 patients (8 .7%) had 

evidence of pathogenic C9orf72 hexanucleotide repeat expansion in 

chromosome 9 (23 or more repeats).  Pathogenic mutations in FUS and 

TARDP were documented in one patient each (<1.0%).
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Table 6.1. Detailed demographics of ALS patients included in the final cohort (N=207)

Mean age at symptom onset (SD) 61.41 (10.30)

Males % 59.4%

Mean number of years of formal education (SD) 12.11 (3.27)

Site of onset Spinal-onset disease 63.3%

Bulbar-onset disease 35.3%

Respiratory onset disease 1.4%

Median ALSFRS-R total score at baseline (IQR) 38.00 (10.00)

Use at Non-Invasive ventilation (NIV) 11.6%

Enteral feeding tube in situ 15.5%

Riluzole use % 83.1%

Median Oxygen (02) saturations (IQR) 97.0% (2.0)

Median Carbon dioxide (C 02) partial pressure in kPa (IQR) 5.30 (6.70)

Family History of ALS (I'Vl"** degree relative) 12.6%

Family History of Frontotemporal Lobar degeneration 4.8%

Family History of Parkinson’s disease (PD) 9.2%

Family History of Dementia of the Alzheimer’s Type (DAT) 12.7%

Family History of Psychiatric Disorders 8.7%
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A positive fam ily history for ALS was defined as the presence of ALS in a 

first or second degree relative. A positive fam ily history for ALS was 

documented in 61% of patients with the pathogenic C9orf72 

hexanucleotide repeat expansion in chromosome 9 (C9orf72+ patients). 

Conversely, 50% of ALS patients with a fam ily history of ALS (FALS 

patients) had evidence of the pathogenic C9orf72 hexanucleotide repeat.

All results are reported first in the entire patient cohort (n = 207) as a 

representative sample of the ALS population as a whole, followed by a 

comment on the effect of the presence of a positive C9orf72 

hexanucleotide repeat expansion mutation and/or the presence of a fam ily 

history of ALS.

Table 6.2 displays the demographics of patients who were positive for the 

C9orf72 hexanucleotide repeat expansion (C9orf72+, N = 18), patients with 

a positive fam ily history of ALS with no known gene mutation (FHALS+, 

N = 15), and patients with no evidence of a fam ily history of ALS or known 

mutation (ALS-sporadic, N = 172).

C9orf72+ patients were younger at symptom onset compared to other 

two groups (mean age 55.75, SD 8.84, versus 63.63, SD 5.19 in FHALS+ 

patients, and 62.01, SD 10.18 in ALS-Sporadic patients, p=0.024). 

C9orf72+ patients were also more likely to have a positive fam ily history 

for FTLD (27.8% ) compared to ALSFH+ patients (13.3% ) and ALS- 

Sporadic patients (1.7% , p<0.0001).
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Table 6.2 Baseline demographics of ALS patients segregated based on the presence of 

C9orf72 repeat expansion ( C9orf72+), the presence of a family history of ALS in the 

absence of evidence of a known gene (FHALS+), and absence o f either factors (ALS-sporadic)

ALS-sporadic C9orf72+ FHALS+ R value

N=172 N=18 N=15

Mean age at assessment (SD) 62.01 (10.18) 55.75 (8.84) 63.63 (5.19) 0.024

Males % 59.3% 55.6% 66.7% 0.800

Formal education (SD) 12.06 (3.21) 11.44 (3.42) 13.27 (3.77) 0.267

Spinal-onset disease 62.8% 61.1% 80.0%

0.812

Bulbar-onset disease 35.5% 38.9% 20.0%

Respiratory Onset disease 1.7% 0.00% 0.00

Median ALSFRS-R total score 38 (11.00) 33 (7.00) 39 (7.00) 0.082

Median bulbar sub-score 10.0 (5.00) 9.5 (4.25) 12.0 (4.00) 0.055

Use at non-invasive ventilation 11.6% 16.7% 0.00% 0.350

Enteral feeding tube in situ 15.1% 27.8% 0.00% 0.073

Riluzole use % 83.7% 83.3% 73.3% 0.599

FH of FTLD 1.7% 27.8% 13.3% <0.0001

FH of Parkinson’s disease 8.1% 16.7% 13.3% 0.279

FH of Alzheimer’s type dementia 11.6% 16.7% 26.7% 0.186

FH of Psychiatric Disorders 8.1% 11.1% 6.7% 0.862
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A non-significant t rend  for ALSFH+ patien ts  to have  less seve re  d isease  a t  

baseline was  noted ,  as  evidenced by higher ALSFRS-R scores  and lower 

frequency  of NIV and enteral  tube  use  a t  baseline.

The demographic ,  clinical and  cognitive fea tu res  of patients  with non- 

C9orf72 type  muta tions  (PUS n = l  and TARDP n = l ) ,  a re  provided in a 

descriptive fashion a t  the  end of the  chapter.

6.4 The Population-Based Incidence of Cognitive 

Impairment in ALS

6.4.1 Incidence of co-morbid dementia

Three patients  (1 .4 % )  had evidence of co-morbid  Alzheimer 's  type  

dement ia  as  per the  criteria r ecom m ended  by the  DSM-IV (American 

Psychiatric Association 1994) and  the  National Ins ti tu te  of Neurological 

and Communicat ive Disorders and S troke-Alzheim er 's  Disease and  

Related Disorders Association (NINCDS-ADRDA) (McKhann et  al., 1984).

Twenty seven  ALS pa tients  (13 .0% )  fulfilled the  Manchester-Lund criteria 

for fronto temporal dem ent ia  (ALS-FTD)(Neary e t  al., 1998).  The majority 

of ALS-FTD patients  (22 /27 )  p resen ted  with behavioural  changes  typical of 

behavioural variant FTLD (Bv-FTLD). Two pa tients  p re sen ted  with 

express ive language difficulties typical of Progressive Non-Fluent Aphasia 

(PNFA) and the  clinical p resenta tion  in th re e  patients  was  consis tent with 

Semantic  Dementia  (SmD).
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Compared to patients with no evidence of dementia, ALS-in"D patients 

had lower median total ALSFRS-R scores (35.00 [IQR 17.00] versus 38.00 

[11.00], p=0.043)  and lower median ALSFRS-R bulbar sub-scores (9.0  

[IQR 6] versus 10.0 [IQR 4], p=0.022)  at initial assessment. ALS-FTD 

patients were also less likely to be on Riluzole (66 .7%  versus 85.3% ,

p=0.026).

There were no significant differences between ALS patients with and 

without evidence of co-morbid FTLD in age at symptom onset {p=0.085),  

gender distribution (p=0.532),  site of onset (p = 0.786), number of years 

of formal education {p=0.094),  estimated premorbid full scale intelligence 

quotient (FSIQ, p=0.223) ,  median 02  saturation {p=0.793),  median C02 

partial pressure {p=0.764) ,  or the proportion of patients using NIV 

{p=0.517)  or enteral tube feeding at baseline {p=0.151).

ALS-FTD patients were more likely to have positive family history (first of 

second degree relative) of FTLD compared to non-demented patients 

(18 .5%  versus 2.8% , p=0.004) ,  but no significant differences were 

observed in the frequency of positive family history for ALS, PD or DAT 

{p>0.05  in all cases).

The majority of patients with co-morbid language variant FTLD had bulbar 

onset of disease (4 /5 ), while distribution of disease onset in patients with 

behavioural variant FTLD was similar to that of the cohort as a whole 

(7 /2 2  or 31.8%  bulbar onset and 15/22 or 68.2%  spinal onset).
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Patients with language-variant co-morbid FTLD (ALS-Lang-FTLD, n = 5) 

were then excluded, and the comparisons were limited to behavioural 

variant ALS-FTD patient (ALS-Bv-FTLD). The only persistently significant 

differences between patients with and without dementia were frequency of 

positive family history of FTLD (5 /22  or 22.7%  versus 5/177 or 2 .8% , 

p-0 .002) ,  and the frequency of Riluzole use (13 /22  or 59.1 versus 

151/177 or 85.3% , p=0.005).  No significant differences in baseline 

ALSFRS-R total scores or bulbar sub-scores were observed between ALS- 

Bv-FTLD patients and non-demented ALS patients, suggesting the above 

mentioned differences in disease severity were driven mainly by language 

variant dementia cases.

Effect of C9orf72 Repeat Expansion or Positive Family Historv

All three patients with evidence of co-morbid DAT belonged to the ALS- 

sporadic subgroup, suggesting a rate of 1.7%  in ALS patients with no 

evidence of known gene mutations or family history of ALS.

Similarly, the five patients with language-variant co-morbid FTLD also 

belonged to the ALS-sporadic subgroup. The only form of co-morbid 

dementia observed in the other two subgroups was behavioural variant 

frontotemporal dementia (Bv-FTLD).

The frequency of Bv-FTLD was significantly higher in C9orf72-i- (5 /18 , 

27.8% ) compared to ALS patients with no evidence of the expanded 

repeat (ALSFhH- and ALS-sporadic, 17/179, 9 .5% , p=0.035).
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Table 6.3 displays a summary of the demographic and clinical 

characteristics of behavioural variant ALS-FTD patients in the C9orf72 + 

subgroup and the ALS-sporadic subgroup (ALSFH+ patients not included 

in this table because only one patient from this subgroup displayed 

evidence of co-morbid FTLD).

The most striking difference in baseline characteristics between Bv-FTLD 

patients with and w ithout evidence of the C9orf72 repeat expansion was 

the predominance spinal-onset disease in the C9orf72+ group.

Within-group comparisons of baseline characteristics in patients with and 

without co-morbid FTLD in the ALS-sporadic sub-cohort revealed similar 

results to those described above, specifically ALS-FTD patients were more 

likely to have a positive family history of FTLD (12.5%  versus 0.7%, 

p=0.025),  and were less likely to be using Riluzole (62.5%  versus 85.1%, 

p=0.034).

No significant w ithin-group differences were noted in patients with and 

w ithout dementia in the C9orf72+ sub-cohort, though sample sizes was 

relatively small.
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Table 6.3 Baseline characteristics o f behavioural variant ALS-FTD patients segregated into 

two groups: (1) C9orf72+: positive for the C9ort72 hexanucleotide repeat expansion; and (2) 

ALS-sporadic: no evidence o f any known pathogenic mutation or positive family of ALS

Baseline Demographics ALS-Sporadic C9orf72+

Sample size 16 5

Median age 60.00(11.13) 62.00(6.79)

Males % 56.3% 60.0%

Median Formal education 12 (5) 8(5)

Median estimated premorbid FSIQ 105.00 (17.75) 88.50 (35.50)

Spinal-onset disease 9/16(56.3%) 1/5 (100.00%)

Bulbar-onset disease 7/16(43.8%) 0/5(0.00%)

Median ALSFRS-R total score 37.00(7.00) 31.00(13.00)

Median bulbar sub-score 8.00(6.50) 10(3.00)

Use of Non-Invasive ventilation 2/16(12.5%) 0/5(0.00%

Enteral feeding tube in situ 3/16(18.8%) 2/5 (40.00%

Riluzole use % 62.5% 60.0%

FH of Dementia of Alzheimer Type 1/16 (6.3%) 1/5 (20.00%)

FH of Parkinson’s disease 2/16(18.8%) 0/5(0.00%)

FH of Psychiatric disorders 1/16(6.30%) 2/5 (40.00%)
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6.4.2 Incidence of Cognitive Impairment in Patients 

without Dementia

No evidence  of  dementia according to DSM-IV, NINCDS-ADRDA or the  

Manchester-Lund criteria was  found in in 85 .5%  of the  main patient cohort  

( 1 7 7 / 2 0 7 ) .  The baseline characteristics  of n on -d e m e n te d  patients and 

th o se  of age ,  sex ,  and education matched healthy controls (HC) are 

shown in Table 6.4 .

Table 6.4 Baseline demographics of ALS patients (ALS) without dementia and healthy 

controls (HC). Key. T1 first assessment, SD Standard deviation

ALS HC P

value

N N

Mean Age at T1 (SD) 62.51 (10.48) 177 61.00 (9.49) 121 0.205

Males % 58.20% 177 48.8% 121 0.137

Mean education (SD) 12.28 (3.37) 177 12.81 (3.40) 120 0.182

Median Premorbid FSIQ 103.50 (18.00) 132 105.00(13.25) 118 0.142

Right Handed % 89.8% 177 90.9% 121 0.913

Median HADS estimated 

Depression score

2.00 (4.00) 130 1.00 (3.00) 80 0.079

Median HADS estimated 

Anxiety score

4.00 (6.00) 130 6.00 (5.00) 80 0.060

165



The cognitive performance of ALS patients without dementia was 

compared to that of HC. The mean scores of ALS patients without 

dementia were significantly lower than those of HC on all executive tasks 

except the Brixton Spatial Anticipation Task (see table 6.5).

The frequencies of abnormal performance on any executive task (defined 

as a score that is two standard deviations below the HC mean) are also 

shown in table 6.5. The tasks that were most sensitive to executive 

impairment in ALS patients were the phonemic verbal fluency index (VFI), 

category fluency (CAT-VF), and the Stroop Colour Word Interference Task 

(Stroop CWIT). The most frequently abnormal task in ALS patients was 

the phonemic verbal fluency index (VFI) which was abnormal in 36% of 

patients compared to 3.3%  of HC {p<0.0001).

In case of non-executive tasks, significant differences between non

demented ALS patients and HC were observed on the Boston Naming Test 

and on all verbal memory tasks {p<0.0001  in all cases, see table 6.6), 

with the exception of the Auditory Recognition task.

HC scores were used to generate normative data which were then used to 

categorise ALS patients without dementia, based on their 

neuropsychological performance, into cognitive subgroups using two 

different methods (described in detail in section 5 .5 .2): :

(1) the criteria proposed by the recent consensus document on cognitive 

impairment in ALS (Strong et al., 2009); and

(2) a specifically designed cognitive domain-based categorisation
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Table 6.5. This table shows the comparison o f the neuropsychological performance of ALS patients without dementia (ALS) and Healthy controls (HC) on 

tasks of attention/executive function. This includes group mean scores and the proportion of each group with abnormal performance.

Mean Scores ( Standard Deviations) Abnormal performance n

ALS HC p value ALS HC p value ALS HC

Phonemic Verbal Fluency* 18.90 (25.17) 8.04 (4.69) < 0.0001 36.1% 3.7% < 0.0001 166 109

Category Fluency 17.26 (7.76) 20.93 (4.87) < 0.0001 19.1% 1.0% < 0.0001 136 105

Stroop Colour Word Interference* 33.03 (23.74) 18.50 (17.26) < 0.0001 25.0% 4.3% < 0.0001 132 115

Backward Digit Span task 11.00 (3.72) 11.80 (2.90) 0.042 13.4% 1.7% 0.001 134 119

Brixton Spatial Anticipation Test 5.35 (2.21) 5.40 (1.88) 0.840 18.5% 11.5% 0.193 161 113

Note: R esu lts  for written and sp o k e n  p h on em ic  verbal f luency w ere  m erged  for th is  a n a ly s is  and log tran sform ation  w a s  

carried ou t  to  e n s u r e  norm al distribution. Key: *  Higher s c o r e s  in t h e s e  ta sk s  indicate w o r se  p erform an ce .
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Table 6.6 This table shows the comparison o f the neuropsychological performance of ALS patients without dementia (ALS) and Healthy controls (HC) on 

tasks o f memory, language and visuo-construction. Key: VPAL: Verbal Paired Associates Learning Task, ROCF: Rey-Osterrieth Complex Figure.

Mean Scores ( Standard Deviations) n

ALS HC p value ALS HC

Logical Memory Immediate Recall 9.99 (3 .57) 11.44 (2 .71) < 0.0001 133 121

Logical Memory Delayed Recall 9.88 (3 .38) 12.26 (2 .48) < 0.0001 133 121

Logical Memory Retention 9.86 (2 .93) 12.03 (2 .50) < 0.0001 133 121

VPAL Immediate Recall 10.09 (3 .09) 11.46 (2 .75) < 0.0001 112 117

VPAL Delayed Recall 10.19 (3 .05) 11.67 (2 .64) < 0.0001 111 117

VPAL Retention 10.02 (2 .85) 11.14 (2 .38) < 0.0001 111 117

Auditory Delayed Recall 11.10 (3 .43) 11.85 (2 .76 ) 0.077 107 117

ROCF Immediate Recall 47.98 ( 15.59) 50.41 ( 14.31) 0.199 130 121

ROCF Delayed Recall 46.55 ( 15.47) 48.20 ( 14.27) 0.388 130 117

ROCF copy trial 30.17 (7 .36) 31.81 (3 .87) 0.735 135 121

Boston Naming Test 23.12 (4 .69) 25.88 (3 .00) < 0.0001 173 119
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6.4.2.1, The Consensus C riteria

According to the consensus criteria, (Strong et al., 2009) 59 out of 177 

ALS patients were cognitively innpaired representing 33.3% of ALS 

patients w ithout dementia (or 28.5% of the entire patient cohort). This 

rate was significantly higher than that observed in HC (7/121 or 5.8%,

p<0.0001).

6.4.2.I Domain-based Categorisation

Compared to HC (n = 121), non-demented ALS patients (n = 177) had 

significantly higher frequency of impairment in all four cognitive domains:

• executive dysfunction (29.0%  versus 3.3%, p<0.0001)\

• language dysfunction (23.1%  versus 3.4%, p<0.0001);

• memory dysfunction (9.0%  versus 2.5%, p=0.044)) and

• dysfunction in visuo-constructional abilities (13.3%  versus 3.3%,

p=0.008).

Non-demented ALS patients were then divided into three groups based on 

the presence or absence of cognitive impairment, and whether the 

executive domain was involved.
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The three cognitive subgroups were as follows:

1. subjects with impairm ent in executive function, including 

im pairm ent that is single domain or in association with im pairm ent 

in other cognitive domains (m ulti-dom ain);

2. subjects with im pairm ent confined to the non-executive domains 

(Non-executive cognitive im pairm ent or ALS-NECI), including 

im pairm ent that is single domain (e.g . language only) or 

multidomain dysfunction (e.g. language and m em ory);

3. No detected cognitive impairment: no dysfunction on any cognitive 

domain.

The final classification of the whole cohort after using this domain-based  

categorisation is shown Figure 6.2.

The incidence of each the above cognitive categories (executive  

im pairm ent, non-executive cognitive im pairm ent/NECI and no cognitive 

im pairm ent) in non-demented ALS patients was compared to that in HC. 

As shown in table 6 .7 ., a significantly higher proportion of ALS patients 

had cognitive deficits characterized by executive dysfunction, particularly 

in combination with im pairm ent of other cognitive domains (i.e . m ulti

domain executive im pairm ent).

In the absence of executive im pairm ent, the frequency of m em ory, 

language, and /or visuo-constructional deficits was not significantly higher 

in ALS patients compared to controls.
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F igure 6.2. This figure illustrates the final categorisation o f the cohort o f incident ALS patients (n=207) using the cognitive domain-based categorisation. 

Percentages were rounded to nearest whole percent. Key. ALS-FTD: ALS patients with co-morbid frontotemporal lobar degeneration
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49%
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Table 6.7 Non-demented ALS patients (n=177) and age, sex and education matched healthy controls (n= 121) stratified using the proposed cognitive domain- 

based categorisation. Key NECI: Non-executive cognitive impairment.

Main Categories ALS HC p value
count (%) count (®/o)

Sub-Categories ALS 
count ( ”/o )

HC 
count (%)

p value

1 .Executive 
Dysfunction

2. NECI

51(28.9%) 4(3.3% ) <0.0001 Multi-domain

25(14.1% ) 11(9.1%) 0.259

Single domain 

Multi-domain 

Single domain: 

memory

30(17.0%) 0 (0.0%

21(11.9%) 4 (3.3%)

4 (2.3%) 1 (0.8%

< 0.0001

0.016

0.652

5 (2.8%) 1 (0.8%) 0.407

language 15 (8.0%) 5 (4.1%) 0.217

Visuo-construction 1 (0.6%) 4 (3.3%) 0.162

3. No abnormality 101(57.4%) 106(87.6%) <0.0001



As the phonemic verbal fluency index was identified as the most 

frequently abnormal task in ALS patients without dementia, the frequency 

of impaired performance was investigated in the three cognitive 

subgroups (note the executive dysfunction as per the domain-based 

criteria required abnormal performance on at least two executive tasks). 

The VFI task abnormal in 89.6%  of patients categorised as having 

executive dysfunction,33.3%  of patients with non-executive cognitive 

impairment, and 10.3%  of patients in whom no other cognitive 

abnormality was detected.

Effect of C9orf72 Repeat Expansion or Positive Family History

Using the consensus criteria, the frequency of cognitive impairment 

among non-demented ALS patients was 30.8%  in C9orf72+ patients, 

30.8%  in ALSFH+ patients, and 34.0%  in ALS-sporadic patients 

{p=0.949).  In all three sub-cohorts the observed frequency of impairment 

was higher than that documented in HC {p<0.012  in all cases).

Using the more stringent domain-based criteria, the incidence of executive 

dysfunction in ALS patients without dementia, as still unaffected by the 

presence of the C9orf72 expanded repeat or a positive family history of 

ALS (see table 6.8). Conversely, the incidence of non-executive deficits 

tended to vary among the three sub-cohorts, with the highest rates of 

language, memory and visuo-constructional deficits observed in ALS-FH + 

patients the lowest in C9orf72-i- patients. Statistically significant difference 

was documented observed in case of language dysfunction (p=0.033).
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Table 6.8 Summary of the incidence of impairment in each o f the four cognitive domains in 

patients positive for the C9orf72 expanded hexanucleotide repeat (C9orf72+), patients with a 

positive family history o f ALS is the absence of a known gene mutation (ALSFH+) & 

patients with no family history or gene mutation (ALS-sporadic).

ALS-Sporadic C9orf72+ ALSFH+ P  value

N 142 15 15

Executive Dysfunction 29.5% 26.7% 26.7% 1.000

Language Dysfunction 21.8% 6.7% 46.7% 0.033

Memory dysfunction 9.5% 0.0% 13.3% 0.493

Visuoconstructional dysfunction 13.8% 7.7% 16.7% 0.797

6.5 The Demographic & Clinical Profile of Cognitive 

Impairment

This section is focused on investigating the  demographic and clinical 

profiles of cognitively impaired patients.

6.5. L 2 Consensus criteria

Cognitive impairment,  as  defined per the consensus criteria, was 

associated with older mean age at time of a s ses sm en t  (65.42, SD 8.60, 

n = 59 versus 61.06, SD 11.00, n = 118, p=0 .009) ,  lower mean number  of 

years of formal education (10.64, SD 3.01, n = 59 versus 13.10 SD 3.10, 

n = 118, p<0.0001) ,  lower median estimated premorbid FSIQ (90.00, IQR 

23.00, n=44,  versus 106.50, IQR 13.00, n=88,  p<00001) .
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There were  no statistically significant differences be tween cognitively 

impaired and cognitively intact ALS patients  with regard to gender  

distribution (p=0.725) ,  s ite of onse t  (p=0.238) ,  median ALSFRS-R total 

scores {p=0.155),  median ALSFRS-R bulbar sub-scores  (p=0.098) ,  

median C02 levels (p=0.866) ,  median 0 2  levels {p=0.330) ,  or median 

anxiety and depress ion scores  as  e s t im ated  by the  HADS {p=0.805  and 

p=0.811  respectively).

6.5.1.2 Domain-based Categorisation

On comparing the  baseline demographic  and clinical character is t ics of the  

three  cognitive subgroups  of n o n -dem en ted  ALS patients  (ALS-Executive 

dysfunction,  ALS-NECI and ALS-No cognitive abnormality),  the  only 

significant inter-group dif ferences were  in age  at  t ime of a s s e s sm e n t ,  

educational a t ta inm en t ,  and  premorbid FSIQ {p<0.008  in all th ree  cases,  

see  table  6.9).

Post-hoc pair-wise compar isons ,  with bonferroni correction for multiple 

comparisons ,  revealed th e  educational a t t a inm en t  and es t imated  

premorbid FSIQ were  significantly higher  in cognitively intact patients  

compared  to the  two cognitively impaired pat ient  subgroups  {p<0.0004  in 

all cases) .  With regard  to age ,  cognitively intact patients  were  significantly 

younger  a t  t ime of a s s e s s m e n t  compared  to patients  with executive 

dysfunction {p=0.004) ,  bu t not com pared  to pa ten t s  with non-executive  

cognitive impairment {p=0.343).
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Table 6.9 This table shows the baseline characteristics of the three main cognitive categories. Key NECI: Non-executive cognitive impairment, disease 

duration is time from symptom onset to time of assessment.

Executive Dysfunction NECI No Abnormality Detected

Mean n Mean n Mean n p value

Age at time of assessment (SD) 66.22 (9 .0) 51 62.25 ( 11.22) 25 60.70 ( 10.68) 101 0.004

Males 56.9% - 51 64.0% - 25 57.4% - 101 0.815

Bulbar onset 34.7% - 51 40.0% - 25 35.0% - 101 0.885

Mean Education in years (SD) 10.53 (3 .00) 51 11.24 (2 .86) 25 13.43 (3 .05) 101 <0.0001

Median Premorbid Full Scale IQ (IQR) 91.00 (23 .5) 37 96.50 ( 13.25) 16 107.00 ( 11.00) 79 <0.0001

Median ALSFRS-R at baseline (IQR) 37.00 ( 10.00) 51 39.00 ( 12.00) 25 39.00 ( 10.00) 101 0.141

Median ALSFRS-R Bulbar subscores (IQR) 10.00 (5 .00) 51 11.00 (5 .00) 25 11.00 (3 .00) 101 0.121

Median 0 2  saturations (IQR) 97.0% (2 .00) 50 98.0% (2 .00) 23 97.0% (2 .00 ) 94 0.563

Median C 02 levels in kPa (IQR) 5.35 (0 .9) 50 5.20 ( 1.6) 23 5.20 ( 1.2) 94 0.485

Median disease duration (IQR) 17.00 ( 15.00 51 18.0 ( 17.50) 25 19.00 ( 15.00) 101 0.759
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Of note, there were no significant differences among the cognitive 

subgroups with regards to HADS estimated anxiety or depression levels 

{p=0.185  and p=0.577, respectively).

Effect of C9orf72 Repeat Expansion or Positive Familv Historv

On excluding patients with positive C9orf72 repeat expansion and/or a 

positive family history for ALS, the characteristics associated with 

executive dysfunction (as defined by the consensus criteria or the domain- 

based criteria) in the ALS-Sporadic sub-cohort were similar to those 

described above i.e. significantly older age (consensus criteria: p=0.014) 

domain based criteria: p -0 .0 0 2 ),  and significantly lower educational 

attainment and premorbid FSIQ {p<0.0001 in all cases). However, a new 

finding that emerged in the ALS-sporadic group was that patients with 

executive impairment had significantly worse median ALSFRS-R bulbar 

sub-scores (consensus criteria: 9.5, IQR 5, versus 11.0, IQR 3.0, 

p=0.025)  domain-based criteria 9.0, IQR 5, versus 11.0, IQR 3.0,

p=0.018).

Similar trends for patients with executive impairment to be older and to 

have lower educational attainment were noted in C9orf72+ and ALSFhU- 

sub-cohorts, but numbers were too small for formal analysis.
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6.6 Adjustment for Effects of Age and Education

The above results  sugges ted  th a t  executive  dysfunction was  o v e r 

rep resen ted  in no n -d em en ted  ALS pa tients  com pared  to HC. The results  

also sugges ted  th a t  distinct subgroups  exist  within the  no n -d em en ted  ALS 

population with distinct cognitive profiles. However, significant differences 

were  observed in the  baseline characteris t ics of t h e se  subgroups,  

specifically with regard to age  a t  t ime of a s s e s s m e n t ,  educational 

a t ta inm en t ,  and  premorbid  FSIQ.

This section is focused on investigating w h e th e r  the  observed  differences 

in cognitive function be tween  the  identified patient  subgroups  were  not 

secondary  to t h e se  background differences.

Multiple one  way ANCOVAs were under taken  using two covar ia tes  (age  at  

t ime of a s s e s s m e n t ,  educat ion in years)  to invest igate  neuropsychological 

performance of four subgroups  of ALS patients  without dement ia

1. pa tients  with executive  dysfunction with multi-domain involvement

2. pa tients  with single domain execut ive  dysfunction

3. pa tients  with non-executive  cognitive im pairment  (NECI)

4. pa tients  in whom no abnormality  was de tec ted

Note t h a t  pa tients  with non-executive  cognitive impairment  were  not 

seg rega ted  with regard to single and multiple domain involvement 

because  of smaller size sample.
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Educational attainment was used as a covariate rather than premorbid 

FSIQ because the later was estimated using the WTAR, a reading task 

which patients with severe bulbar involvement could not undertake. 

Estimated premorbid FSIQ was thus available only in a proportion of the 

patient cohort. A significant correlation was noted between education and 

FSIQ (Spearman's Rho 0.522, p<0.0001) .  Neuropsychological

performance was investigated on the following tasks;

-tasks of attention/executive function;

• phonemic verbal fluency index (VFI) written or spoken,

• category fluency,

• the Stroop Colour Word Interference task (Stroop CWIT),

• the backward digit span task (BKDS), and

• the Brixton Spatial Anticipation Test (BSAT)

- tasks assessing different aspects of memory function

• Logical Memory immediate and delayed recall (LM-I and LM-II)

• Logical Memory Retention (LM-Ret)

• Auditory Delayed Recognition Task (ADR)

• Rey-Osterrieth Complex Figure (ROCF) immediate and delayed 

recall (ROCF-I and ROCF-II)
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Note Performance on the Verbal Paired Associates Learning Task (VPAL), 

Boston Naming Test, and the Rey-Osterrieth Complex Figure copy task 

could not be evaluated in this instance because of violations of the 

ANCOVA assumptions.

Using a bonferroni adjusted alpha value of 0.004, there were significant 

intergroup differences in performance on all tasks listed above after 

adjusting for age and education {p<0.0001  in all cases), with the sole 

exception of the BKDS task {p=0.013).

The results of pair-wise post-hoc analysis with bonferroni correction for 

multiple comparisons can be summarised as follows:

(1) Compared to cognitively intact ALS patients,

• patients with multi-domain executive dysfunction had significantly 

worse performance on all tasks {p<0.005  in all cases), except for 

the Auditory Delayed Recognition task {p=0.064).

• patients with single domain executive dysfunction had significantly 

worse performance on all executive tasks (BSAT p=0.005)  Stroop 

CWIT p<0.0001;  phonemic and category fluency tasks p<0.0001  in 

both cases), and all immediate and delayed recall memory tasks 

(ROCF immediate and delayed recall: p=0.002  and p<0.0001  

respectively. Logical memory immediate and delayed story recall: 

p=0.001  and p=0.012  respectively). There was no difference 

between the two groups on retention and recognition tasks (Logical
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Memory-retention and Auditory Recognition task: p=0 .267  and 

p=0.308  respectively).

• patients with non-executive cognitive impairment (NECI) had 

significantly worse performance on all memory tasks {p<0.002  in 

all cases) and on the VFI task (p=0.006).  There were no significant 

differences between the two groups on any of the other executive 

tasks.

(2) As would be expected, patients with executive dysfunction had 

significantly worse performance on executive tasks compared to 

NECI patients (multi-domain patients: BSAT: p=0.029,  Stroop 

CWIT p=0.004,  VFI p<0.0001)  single domain patients: VFI 

p=0.002,  and Stroop CWIT p=0 .040).

(3) Conversely, NECI patients had significantly worse mean scores 

compared to patients with single domain executive dysfunction 

on delayed story recall Logical Memory delayed recall 

ip=0.010).

Effect of C9orf72 Repeat Expansion or Positive Family Historv

On excluding patients with positive C9orf72 repeat expansion and/or a 

positive family history for ALS (ALS-sporadic patients), the results of the 

multiple one way ANCOVA were unchanged with a single minor exception: 

on post-hoc pair-wise comparisons, significant differences in memory
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performance  be tween cognitively intact pa tient and patien ts  with single 

domain executive dysfunction were  confined to non-verbal  m em ory  t a sk  

(RCF im media te  and  delayed recall), with borderline difference in case  of 

immedia te  story recall (p = 0 .0 4 )  and non-significant difference in case  of 

delayed story recall (p=0 .086 ) .

6.7 Cognitively Intact Patients versus Healthy Controls

The m ean  scores  of pa tients  categorised as  cognitively intact  (n = 101) 

were  com pared  to those  of HC (n = 121) on all neuropsychological  tasks .  

Using a bonferroni ad jus ted  alpha value of 0 .003,  the  pe rform ance  of 

cognitively intact pa tien ts  was  significantly worse than  th a t  of HC on two 

ta sks :  phonemic  verbal fluency index (p = 0 .0 0 1 )  and logical m em ory  

retention (p< 0 .0001 ) .

6.8 Cognitive Function in Patients with Co-morbid 

Dementia

The diagnosis of FTLD in this s tudy was  reliant on behavioural  changes  or 

language  difficulties as  per the  Manchester-Lund criteria. In this section 

the  cognitive function of ALS-FTD patien ts  was  examined  in more  detail. 

The cognitive performance  of ALS-FTD pa tients  was  com pared  to HC, 

m atched  with regard to age  sex and education on a one -one  basis.
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Using tlie  domain-based criteria for dysfunction in each cognitive domain, 

executive dysfunction was documented in 60% (15/25, two patient 

undertook less than 2 executive tasks). Language dysfunction was also 

common, affecting 54.2% of all ALS-FTD patients (13/24), and 45% of 

cases after excluding the language variants (9 /20). Memory dysfunction 

was documented n 45.5% (10/22), and visuo-constructional deficits in 

42.9% (6/14).

On applying the full categorisation system, the following pattern was 

observed in the ALS-FTD cohort:

• The most common subgroup was executive multi-domain (n = 13) 

with the most common co-existing abnormalities being language 

and memory impairment (n = 8 in each case compared to n = 3 in 

case of co-existent visuo-constructional deficits).

• The second most common form of cognitive impairment was m ulti

domain non-executive cognitive impairment, documented in 4 

patients, all of whom had language deficits (with co-existing visuo- 

constructional abnormalities in 3 patients and memory dysfunction 

in 2 patients).

• Single domain cognitive abnormalities were uncommon: Single 

domain executive impairment was observed in only two cases and 

single domain non-executive change was observed in one case 

(language dysfunction).
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• No cognitive abnormality was detected in five ALS-FTD patients 

(20%).

As would be expected, language dysfunction occurred more frequently in 

ALS-LangFTLD (5 /5  versus 9 /2 ) ,  and executive dysfunction was more 

frequently observed in ALS-BvFTLD (1 3 /2 1  versus 2 /5 ) . Memory 

dysfunction was only observed in the ALS-BvFTLD (1 0 /1 9  versus 0 /5 ) .  

Notably, the five patients with no cognitive abnormality were also all 

behavioural variant ALS-FTD patients.

Effect of C9orf72 Repeat Expansion or Positive Familv History

As detailed in in section 6.4 , the only variant of co-morbid FTLD observed 

in ALS patients with the C9orf72 repeat expansion and patients with a 

positive family history of ALS in the absence of a known gene mutation 

was the behavioural variant (n = 5 in case of C9orf72+ and n = l  in case of 

ALSFH + ).

The type of cognitive impairm ent observed in behavioural variant ALS-FTD 

patients with and without the C9orf72 mutation is summarised in table 

6.10. None of the C9orf72+ patients displayed evidence of language, 

memory, or visuo-constructional deficits in the absence of executive 

dysfunction (non-executive cognitive im pairm ent), but numbers were too 

small for formal analysis.
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Table 6.10 This table summarises cognitive function in behavioural variant ALS-FTD 

patients segregated by the presence (C9orf72+) or absence (C9orf72-) o f  the pathogenic 

C9orf72 repeat expansion. Key: NECI: non-executive cognitive impairment

Executive NECI No Cognitive

Dysfunction abnormality

C9orf72+ Count (%) 3 (60.0) 0 (.0%) 2 (40.0%)

C9orf72- Count (%) 10(66.6% ) 2 (13.3%) 3 (20.0%)

6.9 Patients with Non-C9orf72 Mutations

Pathogenic nnutations in FUS and TARDP were  docum en ted  in one patient  

each ( < 1 .0 %  of th e  patient cohort).

The pat ient  positive for the  FUS mutation was a female  who p resen ted  

with young onse t  bulbar-onset disease.  Age at  t ime of sym ptom  onse t  

was 20 .67  years.  Family history was negative  for ALS or o ther  

neurodegenera t ive  conditions. The motor  a spec t  of the  d isease  was 

character ized by rapid progression.  At t ime of initial a s s e s s m e n t  (T l) ,  

which took place eight month  post  sym ptom  onset,  significant lower limb 

and respiratory involvement were  docum en ted ,  total ALSFRS-R score was  

33, and pa tient was on non-Invasive ventilation.  From a cognitive point 

view, abnormal performance on the  Boston Language Tes t  and  the  Verbal 

Fluency Index were observed. Of note ,  only non-verbal t a sks  were 

under taken  because  of seve re  bulbar involvement.  No second a s s e s s m e n t  

was under taken  as  pa tient  died 12 months  from sym ptom  onset.
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TARDBP g ene  mutat ion was docum en ted  in a male patient  wlio also 

p resen ted  with bulbar-onse t  disease .  Age a t  sym ptom  onse t  was  67 

years.  Family history was  negat ive for ALS or o ther  neurodegenera t ive  

conditions. First a s s e s s m e n t  (T l )  took place 28 months  pos t  sy m p to m  

onset.  Mild-moderate involvement of all body regions (bulbar, limb and 

respiratory) was  docum en ted  a t  t ime a t  baseline with a baseline total 

ALSFRS-R score of 35. No Cognitive impairment was  de tec ted  a t  th e  first 

or second a s se s sm e n t .  Overall survival t ime  from sym ptom  o nse t  was 51 

months  (still alive).

6.10 Discussion

6.10.1 Patient Sample and Generalizability of Results

This is the  first large scale, prospect ive  popula tion-based s tudy of 

cognitive impairment in ALS. The demographics  of our cohort  were 

comparable  to those  of the  incident cohorts in previous published studies 

based  on the  Irish ALS register-  a finding th a t  is consis tent with the  

popula tion-based design of t h e se  studies  (O'Toole et  al., 2008; Traynor et  

al., 1999).

The p resence  of popula t ion -based  regis ter permit ted direct investigation 

of th e  degree  to which the  s tudy sample  is represen ta t ive  of th e  ALS 

population as  a whole in the  Republic of Ireland.
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study participants were younger at symptom onset and had shorter 

survival compared to patients diagnosed within the same period who did 

not participate due to non-capture or exclusion. The difference in survival 

tim e was driven by the age difference between the two groups and by a 

subgroup of ALS patients with very aggressive disease, leading to death 

within six months of diagnosis. With these caveats, the study sample can 

be considered to be representative of the ALS population in Ireland

Almost 90%  of the recruited patients were evaluated within 12 months of 

diagnosis. The population-based design of the study and its reliance of 

incident cases minimized the risk of bias, particularly selection bias and 

survival bias.

Care was also taken to identify age, gender, and education matched 

healthy controls, in order to generate geographically appropriate 

norm ative data. This is predicted to reduce the risk of over-estimation  

cognitive deficits that is often encountered when published norms, 

validated in culturally different context are used (Parker and Philp, 2004, 

Sosa et al., 2009, Nielsen et al., 2012).

C9orf72 hexanucleotide repeat expansion was documented in 8 .7 %  of the  

cohort including 50%  of familial cases. C9orf72-i- patients were younger 

age at disease onset and were more likely to a family history for FTLD. 

These findings are largely in line with the emerging literature on the  

C9orf72 repeat expansion (Boeve and Graff-Radford, 2012; Simon- 

Sanchez et al., 2012; Chio et al., 2012; Renton et al., 2011; Snowden et 

al., 2012; Savica et al., 2012).
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6.10.2 Co-morbid Frontotemporal Dementia

Co-morbid FTLD was identified in 13 .0%  of ALS patients,  a ra te  

comparable  to t h a t  reported  by Ringholz e t  al (2005) ,  but a t  variance  with 

lower es t im ates .  The majority of ALS-FTD patients  p re sen ted  with fea tu res  

consis tent with behavioural  variant fronto temporal dem ent ia  (Bv-FTLD). 

This is also consis tent with the  l iterature.

ALS-FTD patients  were more  likely to have  a positive family history of 

FTLD and were  less likely to be on regular Riluzole t r e a tm e n t .  The later 

finding is likely to be linked the  previous repor ts  of reduced compliance to 

medical intervention in this subgroups  (OIney e t  al, 2005).

Cognitive impairment in ALS-FTD patients  was com m on and occurred 

mostly in the  form of executive or non-executive  multi-domain 

dysfunction.  However,  no cognitive abnormality  was  de tec ted  in five 

behavioural  va riant ALS-FTD cases.

Memory dysfunction was observed in more  than  half the  ALS-FTD with 

behavioural  variant FTLD and in none of pa tients  with language  variant 

FTLD. This is interesting in the  context of a recent m et  analysis tha t  

repor ted th a t  m em ory  changes  are  presenting sym ptom  of 20 %  of cases  

of ALS with co-morbid Bv-FTLD (Raaphorst  e t  al., 2012).  Memory deficits 

in sporadic FTLD were  considered to be mild and  secondary  to frontal lobe 

function ra the r  than  a specific deficit of retention.  A recen t  s tudy however  

sugges ted  th a t  m em ory  im pairment  in behavioural  variant FTLD may be
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as  severe  as  th a t  in patients  with Alzheimer's  d isease  (Hornberger e t  a!., 

2010).  The au thors  sugges ted  th a t  mennory te s t s  may be used to 

discriminate t rue  progressive Bv-FTLD pa tients  from phenocopies.

The ra te  of co-morbid FTLD was  higher in C9orf72+ patients ,  though no 

language  variants  were  observed. Although Bv-FTLD is a lmost  invariably 

reported  as  the  m os t  f requen t  presenta tion in C9orf72 positive patients ,  

th e  li terature regarding language variants  is inconsistent.  Boeve e t  al 

sugges ted  th a t  C9orf72 repea t  expansion muta tions  are  uncommon in 

language  variant FTLD (0 .7% ) (Boeve e t  al., 2012).  Other  groups 

sugges ted  th a t  12 -24%  of C9orf72 positive cases  of FTLD p resen t  with 

non-f luent aphas ia  (S imon-Sanchez  e t  al., 2012; Hsiung e t  al.; 2012,  

Snowden e t  al., 2012) .

6.10.3 Non-Dementia Cognitive Impairment

In ALS patients  without dement ia ,  an overrepresen ta t ion  of executive 

dysfunction was observed  compared  to HC. The incidence of executive 

impairment  in this cohort  was  approximate ly  one third. The slightly higher 

ra te  docum en ted  using the  consensus  criteria (34 .1% )  compared  to the  

dom ain -based  criteria (25 .8% )  is a direct  reflection of th e  more  st r ingent 

cut off used  by the  cognitive dom ain -based  criteria.
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Verbal f luency (phonemic  and semant ic )  and the  Stroop CWIT were  

identified as  sensit ive ta sks  to execut ive dysfunction in ALS patien ts  

without dement ia .  This may be related to th e  heavy d e m an d s  placed by 

th e se  t a sks  on multiple fronto- striatal circuits leading to sensit ivity to any 

lesion affecting integrity of the  prefrontal-circuit sys tem  (Jurado and 

Rosselli, 2007; Royall e t  al., 2002).  It may also secondary  to impor tance  

of inhibitory function inn th e se  ta sks ,  a sens it ive m e asu re  of all execut ive 

dysfunction. The Hayling te s t  (Burgess,  1997),  a no the r  ta sk  requiring 

inhibition of unwanted  re sponses  has  also been  reported  to be sensit ive in 

th e  ALS population (Lillo e t  al., 2012) .

The data  also sugges ted  th a t  no n -d em en ted  ALS patients  have  a higher 

f requency of language, m em ory  and  visuo-constructional abnormalit ies  

com pared  to HC. However,  using the  dom ain -based  classification, it is 

evident t h a t  th e se  deficits tend  to occur in the  context of executive 

dysfunction.  This implies th a t  studies  where  patients  with executive 

dysfunction are  unde r - rep resen ted ,  the  f requency of language,  memory  

and  visuo-spatial  impairment in ALS may also be underes t im ated .

Non-executive abnormalit ies in th e  ab sence  of involvement of the  

executive  domain (non-execut ive  cognitive impairment or NECI) have  not 

been  described as  such in ALS patients.  The frequency  of NECI in non

d e m e n te d  ALS patients  was  not significantly higher  than  th a t  in HC. It is 

no t possible to exclude th e  possibility th a t  the  NECI subgroup rep resen ts  

an incidental finding. It is also possible t h a t  th e  study was  underpowered  

to de tec t  a small but discrete  sub-cohort  of pa tients  with a more  posterior 

form of cognitive im pairment  in ALS. One third of th e se  pa tients  had
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abnormal performance on the VFI task. This may be a harbinger of more 

apparent frontal dysfunction that would em erge with tim e.

The suggestion that NECI patients may represent an under-recognised 

form of cognitive impairm ent in ALS is particularly interesting in the 

context of its over-representation in patients with a family history of ALS. 

While the incidence of executive im pairm ent was unaffected by the 

presence of the C9orf72 gene mutation or a positive family history of ALS, 

NECI was most frequently observed in ALS patients with positive family 

history of ALS in the absence of a known gene mutation, and least 

frequently observed in patients with C9orf72 mutation. This suggests the 

genetic status of patients may more likely to modify their susceptibility to 

develop non-executive deficits rather than executive deficits.

Significant differences in age, education and premorbid FSIQ were 

observed in the different cognitive subgroups. Patients with executive 

dysfunction were older at symptom onset, while cognitively intact patients 

had higher education and premorbid FSIQ.

Age, education and premorbid IQ are considered important predictors of 

cognitive reserve and function including processing speed and executive 

function (Kaplan et al., 2009). However, the cognitive differences between 

the subgroups were still apparent after adjusting for these factors, 

suggesting age and poor education are likely to be markers for a 

particular subgroup of ALS that are more susceptible to an aggressive 

form of the disease.
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Older age Is also the single most important risk factor for developm ent of 

dementia in Parkinson's disease (Hindle, 2010; Aarsland et al., 2007 ). It  

is conceivable that the interlinked patho-mechanisms of age-related  

neurodegenerative disorders combined with the vulnerability of the ageing 

brain increases the susceptibility of older patients to more aggressive 

forms of the neurodegenerative process.

While, the literature on cognitive function in ALS suggests that deficits are 

dominated by abnormalities in executive function, language im pairm ent in 

ALS is well described (Rakowicz and Hodges, 1998; Bak and Hodges, 

2001; Bak et al., 2001; Bak and Hodges, 2004; Bak, 2010). Conversely, 

the literature on memory function in ALS patients has been inconsistent, 

which has prompted the inclusion of a range of memory tests in this 

study.

Reports of poor recall but intact recognition suggested that deficits may 

be due to abnormal retrieval or encoding processes, which are dependent 

on pre-frontal function (Massman et al., 1996; Abrahams et a!., 1996). 

However, deficits in delayed memory and recognition have also been 

reported (Ringholz et al., 2005; Strong et a!., 1999; Mantovan et al., 

2003).
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In this study, patients with non-executive cognitive innpairment (NECI) 

performed poorly on all memory tasks. Conversely, poor performance in 

patients with predominantly executive im pairm ent was on the immediate  

and delayed story recall, but not story retention or recognition.

Executive processes sub-served by a fronto-striatal circuit are thought to 

contribute to encoding and retrieval processes in the first two tasks while 

the latter tasks, particularly recognition, are linked to the hippocampal 

memory system (Lepage et al., 2000; Brown and Aggleton, 2001). This 

suggests that memory impairm ent in patients with executive dysfunction 

predominantly reflects impairm ent in the fronto-striatal system while that 

in ALS-NECI extends to involve the mesial-tem poral memory system. 

These findings support the concept that cognitively impaired ALS patients 

may represent a heterogeneous population.

An important finding in this study was that no cognitive abnormality was 

detected in almost half the recruited patients, notwithstanding the subtle 

differences in VFI and story retention when directly compared to HC.

In conclusion, the results of this chapter, drawn from a large population- 

based sample of ALS patients with appropriately matched controls, 

demonstrate that cognitive im pairm ent may occur in almost half the 

incident ALS population. The deficits are primarily, but not exclusively, 

dysexecutive in nature suggesting that cognitive im pairm ent in ALS may 

be more heterogeneous than previously recognized. The next chapter 

includes an investigation of the prognostic implications of cognitive 

impairment.
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7.1 Introduction

This Chapter  Is focused on the  second aim of th e  thesis:

Aim (2) To explore w he ther  the  cognitive s ta tu s  of ALS patients  has  an 

influence on the  ra te  of motor  progression a n d /o r  overall survival t ime

The objectives of this chap te r  are  to (1) d o c u m en t  the  effect, if any, of 

cognitive s ta tus  a t  baseline on rate  of m oto r  functional decline; (2) to 

examine  the  survival effect of co-morbid FTLD, and to de te rm ine  w he ther  

in the  absence  of dement ia ,  impairment in different cognitive domains  

influence clinical outcome.

7.2 Motor Progression

The ALSFRS-R total score and  sub-scores  (bulbar ,  respiratory,  and limb 

function) were used to es t im ate  ra tes  of m oto r  progression in ALS 

pa tients,  using two methods :  re trospect ive est imation of motor

progression prior to recru itment and prospect ive  est imation of motor 

progression after recruitment.

The details of ALSFRS-R scoring sys tem  (total score  and  sub-scores )  and 

of the  m ethods  used to e s t im ate  progression retrospectively and 

prospectively described in detail in section 5.3 .3 .  In brief, re trospective 

estimation of motor  decline was  es t im ated  by dividing the  difference 

be tween  a normal sco re /subscore  and  tha t  obta ined by the  patient at  

initial a s s e s s m e n t  (representing degree  of decline from normal function)
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over  t ime  since sy m p to m  onset.  Prospective est imation relied on the  slope 

in ALSFRS-R sco res / su b -sco re s  over  th e  t ime be tw een  a s s e s s m e n ts .

7.2.1 Retrospectively Estimated Motor Progression

Table 7.1 displays a s u m m a ry  of retrospectively es t im ated  median ra tes  

of functional decline (total ,  bulbar, respiratory,  and limb) in four groups  of 

ALS patients ,  s e g r e g a te d  based  on cognitive s ta tu s  at  baseline:  ALS-FTD 

pa tients ,  pa t ien ts  with executive dysfunction,  pa tien ts  with non-executive  

cognitive im pairment ,  and  pa tients  in whom no cognitive abnormali ty  was 

de tec ted .

Higher median ra te s  of total,  bulbar,  and  to a lesser ex ten t  limb functional 

decline were  observed  in ALS-FTD patients  and pa tients  with execut ive 

dysfunction,  c om pared  to pa tients  with no evidence of either 

f ronto temporal s y n d ro m e  (namely  patients  with non-executive  cognitive 

im pa irm ent  and cognitively intact  pa tients,  see  table  7.1).  Statistically 

significant dif ferences in all th ree  p a ra m e te r s  were  observed  when all four 

cognitive subg roups  were  compared  (p value 1 in table  7.1),  and when 

patien ts  with dem en t ia  were  excluded and compar isons  were  limited to 

n o n -d e m e n te d  ALS patien ts  with or without executive  dysfunction (p value 

2 in table  7.1).  No significant differences were  observed  in retrospectively 

e s t im ated  ra tes  of respi ra tory  decline.
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Table 7.1 A summary of median decline in ALSFRS-R total scores and subscores, estimated retrospectively, in four groups of ALS patients segregated based 

on cognitive status at baseline.

ALS-FTD Executive No Executive Dysfunction

N=27 Dysfunction ALS-NECI No Cognitive abnormality

N= 51 N==25 N=101

N Median IQR Median IQR Median IQR Median IQR p value 1 p value 2

Total ALSFRS-R decline (points/month) -0.68 0.83 -0.71 0.67 -0.47 0.45 -0.46 0.48 0.004 0.003

Bulbar sub-scores (points/month) -0.23 0.37 -0.13 0.37 -0.06 0.32 -0.05 0.25 0.015 0.026

Limb sub-scores (points/month) -0.40 0.69 -0.47 0.55 -0.30 0.37 -0.30 0.41 0.016 0.012

Respiratory sub-scores (points/month) 0.00 0.16 0.00 0.14 0.00 0.23 0.00 0.06 0.222 0.186

Key. ALS-FTD: ALS patients with co-morbid frontotemporal dementia, ALS-NECI: ALS patients with non-executive cognitive impairment, p value 1: 

comparison of all four groups; p value 2: comparison of non-demented patients with and without executive dysfunction.
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7.2.2 Prospectively Estimated Motor Progression

The  ra te  of m o t o r  p rog res s ion  o v e r  t im e  w a s  e s t i m a t e d  p rospec t ive ly  

using t h e  s lope  in ALSFRS-R s co re s  b e t w e e n  a s s e s s m e n t s .  To in v e s t ig a te  

t h e  ef fec t  of cogni t ive s t a t u s  early  in t h e  d i s e a s e  on p rospec t ive ly  

e s t i m a t e d  m o t o r  p rog res s ion ,  tw o  m e t h o d s  w e re  u sed  (1)  d irec t  

co m p ar i so n  of  m e d ia n  r a t e s  of decl ine  a m o n g  t h e  cogni t ive s u b g r o u p s ;  (2)  

an ex am in a t io n  of  p red ic to rs  of m o t o r  p rog res s ion  using l inear  r eg re s s io n  

an a ly se s .

7.2.2.1 Direct Comparison of Median Rates of Decline:

Table 7 .2  s u m m a r i s e s  t h e  m ed ian  decl ine  in ALSFRS-R to ta l  s c o re s  and  

s u b - s c o r e s  in t h e  four  main  cogni t ive  s u b g r o u p s  b e t w e e n  first a n d  t h e  

s econd  A s s e s s m e n t  (T2 d a t a  ) and  b e tw e e n  first and  third a s s e s s m e n t  (T3 

d a t a ) .  ALS-FTD p a t i e n t s  a n d  n o n - d e m e n t e d  p a t ien t s  with ex ec u t iv e  

im p a i rm e n t  d isp layed  a c o n s i s t e n t  t r e n d  to  h a v e  h ighe r  m e d ia n  r a t e s  of 

m o to r  functional  dec l ine  w h e n  c o m p a r e d  to  p a t ien t s  who had  no e v id e n c e  

of d e m e n t i a  or  ex ec u t iv e  im p a i r m e n t  a t  base l ine .  Stat is t ical ly signif icant  

d i f fe rences  w e re  o b s e rv e d  in p rospec tive ly  e s t i m a t e d  bu lba r  funct ional  

decl ine w h e n  all fou r  cognit ive s u b g r o u p s  w e re  c o m p a r e d  direct ly (p va lue  

1 in t ab le  7 .2 ) ,  a n d  w h e n  p a t ien ts  with d e m e n t i a  w e re  e xc luded  and  

c o m p a r i s o n s  w e re  limited to  n o n - d e m e n t e d  ALS p a t i e n t s  with or  w ithou t  

e xecu t ive  dysfunction  (p va lue  2 in ta b le  7 .2 ) .
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Table 7.2 Prospective estimates of functional motor decline in the ALS patients after segregation into four groups based on cognitive status at initial visit.

Cognitive function at Baseline ALS-FTD Executive dysfunction No dementia or executive impairment

Non-Executive Cognitive No cognitive

Impairment abnormality

Median Decline Tl to T2 in points/month (IQR) p value 
1

p value
“7

N 7 19 14 66

1 z

Total ALSFRS-R score -1.80(1.40) -1.20(1.00) -1.04(1.09) -0.83 (1.07) p=0.065 0.335

Bulbar sub-scores -0.33(0.55) -0.20 (0.50) 0.00 (0.02) 0.00 (0.33) p=0.006 0.034

Limb function sub-scores -1.40(1.02) -0.60 (1.30) -0.65 (1.10) -0.50 (0.94)

O
sII 0.803

Respiratory sub-scores -0.17(0.29) -0.17(0.63) -0.07 (0.37) 0.00 (0.21) 11 0.037

Median Decline Tl to T3 in points/month (IQR)

N - 5 3 37

Total ALSFRS-R score - -0.76(1.80) -0.67 (-) -0.42 (0.77) - p=0.031

Bulbar sub-scores - -0.25 (0.35) -0.10 (-) 0.00 (0.16) - p=0.137

Limb function sub-scores -0.71 (1.32) -0.50 (-) -0.23 (0.55) - p=0.042

Respiratory sub-scores -0.11 (0.41) 0.00 (-) 0.00 (0.08) -

>II

Key. T l: first assessment; T2: second assessment; T3: the third assessment, ALS-FTD; ALS patients with co-morbid frontotemporal dementia, p value 1: 

comparison of all four groups; p value 2: comparison of non-demented patients with and without executive dysfunction.
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Executive dysfunction in non-demented patients was also associated with 

significantly higher respiratory functional decline at T2 (p=0.025) .  Of 

note,  highest rate of limb function decline at T2 was observed in patients  

with non-executive cognitive impairment (NECI), but the inter-group 

differences were not statistically significant.

Sample size at T3 was relatively small, but patients with executive 

dysfunction continued to display higher ra tes of total, bulbar, limb function 

and respiratory functional decline, significantly higher than pat ients 

without evidence of executive dysfunction at baseline in case of overall 

and limb function {p=0.031  and p=0.042) .

7 .2 2 .2  M u lt ip le  linear regression analyses

Multiple linear regression analyses were then used to investigate the 

predictors of prospectively estimated rates of decline in total motor 

function, bulbar function, limb function, and respiratory function. Slopes 

between first and second assessments  were used (T2 data).  T2 clinical 

data  was available in 106 patients.

Predictors included in regression models were basic demographic variables 

documented at  the first a ssessm en t  (and by extension can be documented 

by clinicians/researchers at first evaluation of patients).  Five predictors 

were included in all models: age at symptom onset, gender, site of onset 

(Bulbar-onset coded "1" versus spinal-onset coded "0"), retrospectively 

estimated rates motor progression, and cognitive sta tus at baseline.
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To investigate cognitive status in the context of linear regression, binary 

categorical variables were used. The firs t selected cognitive variable was 

the presence (coded "1") versus absence (coded ” 0") of a frontotemporal 

syndrome, defined as co-morbid frontotemporal dementia or executive 

dysfunction.

The results of the regression analyses suggested the five selected 

variables as a set were reliable predictors of decline in bulbar and 

respiratory functional status (p<0.0001 in both cases), but not of total or 

limb function decline (p>0.05).

As shown in tables 7.3-A and 7.3-B, bulbar-onset of disease was a 

significant predictor of higher rates of decline in both bulbar and 

respiratory function {p=0.028  and p=0.012,  respectively). Older age at 

symptom onset was also a significant predictor of respiratory decline 

(p=0.04).  The presence of a frontotemporal syndrome was a significant 

predictor of bulbar decline {p<0.0001), but its effect in case of respiratory 

decline was borderline {p=0.055).

Almost identical results were obtained when the same method was used 

to investigate the effect of executive dysfunction per se on motor 

progression in ALS patients w ithout dementia (n=99). Only models 

investigating bulbar and respiratory decline were significant (details shown 

in tables 7.4-A and 7.4-B), and executive dysfunction was significant 

predictor of bulbar functional decline (p=0.004), with borderline but non

significant effect in case of respiratory decline {p=0.055).
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Table 7.3-A. Results of linear regression with prospectively estimated rate of bulbar functional decline between T1 and T2 as dependent. Adjusted R^ 0.170, 

Residual outlier removed (n=2).

Model

Unstandardized Coefficients Standardized Coefficients

t Sig.

95.0% Confidence Interval for B

B Std. Error Beta Low/er Bound Upper Bound

1 (Constant) .916 .248 3.701 .000 1.425 1.408

Age at symptom onset -.005 .003 -.147 -1.556 .123 -.011 .001

Bulbar(1) versus s Spinal (0) .125 .056 .206 2.234 .028 .014 .236

Gender Male (1 )Female -.085 .053 -.148 -1.610 .111 -.191 .020

Retrospectively Estimated Motor Progression .008 .072 .011 .114 .910 -.134 .150

Frontotemporal syndrome Present (1) or absent (0) .246 .062 .375 3.970 .000 .123 .370

ANOVA"

Model Sum of Squares df Mean Square F Sig.

1 Regression 1.777 5 .355 5.232 .000"

Residual 6.659 98 .068

Total 8.436 103

a. Predictors: (Constant), Age at symptom onset, retroprog, FrontotempSynd, genderOI, 

bulbarspinal

b. Dependent Variable: bulbarprog



Table 7.3-B. Results o f linear regression with prospectively estimated rate of respiratory functional decline between T1 and T2 as dependent. Adjusted R  ̂

0.159, Residual outlier removed (n=2).

Coefficients^

Model

Unstandardized Coefficients Standardized Coefficients

t Sig.

95.0% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1 (Constant) .014 .205 .068 .946 -.393 .421

Age at symptom onset .005 .003 196 2.076 .040 .000 .010

Bulbar(1) versus s Spinal (0) .117 .046 .237 2.569 .012 .027 .208

Gender Male (1 )Female (0) -.066 .044 -.138 1.495 .138 -.153 .021

Retrospectively Estimated Motor Progression .015 .058 .025 .264 .792 -.101 .131

Frontotemporal syndrome Present (1) or absent (0) .099 .051 .184 1.945 .055 -.002 .200

ANOVA”

Model Sum of Squares df Mean Square F Sig.

1 Regression 1.133 5 .227 4.896 .000"

Residual 4.535 98 .046

Total 5.667 103

a. Predictors: (Constant), Age at symptom onset, retroprog, FrontotempSynd, genderf)1, 

bulbarspinal

b. Dependent Variable: resprog
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Table 7 .4-A  Results of linear regression with prospectively estimated rate of bulbar functional decline between T1 and T2 as dependent. Adjusted R  ̂ 0.145, 

Residual outlier removed (n=2).

Coefficients®

Unstandardized Coefficients

Standardized

Coefficients 95.0% Confidence Interval for B

Model B Std. Error Beta t Sig. Lower Bound Upper Bound

1 (Constant) .840 .253 3.325 .001 .338 1.342

Age at symptom onset -.005 .003 -.170 -1.723 .088 -.011 .001

Bulbar(1) versus s Spinal (0) .133 .056 .230 2.357 .021 .021 .245

Gender Male (1 )Female (0) -.084 .054 -.152 -1.560 .122 -.192 .023

Retrospectively Estimated 

Motor Progression

.008 .075 .010 .101 .920 -.141 .156

Executive dysfunction 

Present (1) absent (0)

.199 .068 .288 2.930 .004 .064 .334

AN0VA“

Model Sum of Squares df Mean Square F Sig.

1 Regression 1.382 5 .276 4.267 .002"

Residual 5.894 91 .065

Total 7.276 96



Table 7.4 B Results o f  linear regression with prospectively estimated rate o f respiratory functional decline between T1 and T2 as dependent.Adjusted R  ̂

0.145, Residual outlier removed (n=2).

Model

Unstandardized Coefficients Standardized Coefficients

t Sig.

95.0% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1 (Constant) .094 .218 .430 .668 -.340 .527

Age at symptom onset .005 .003 .171 1.740 .085 -.001 .010

Bulbar(1) versus s Spinal (0) .102 .048 .207 -2.136 .035 .007 .197

Gender Male (1 )Female (0) -.077 .047 -.161 1.647 .103 -.169 .016

Retrospectively Estimated Motor Progression -.019 .064 .-029 -.296 .768 -.145 .108

Executive dysfunction Present (1) absent (0) .113 .058 .190 1.943 .055 -.002 .228

a. Dependent Variable: resprog

a n o v a “

Model Sum of Squares df Mean Square F Sig.

1 Regression 1.018 5 .204 4.253 .002"

Residual 4.357 91 .048

Total 5.376 96

a. Predictors: (Constant), executivedys, genderOI, retroprog, bulbarspinal, Age at symptom onset

b. Dependent Variable: resprog
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The effect of language dysfunction and memory impairment on 

prospectively estimated motor progression in non-demented ALS patients 

(total, bulbar, limb and respiratory function) was also investigated.

The presence of language dysfunction made no significant contribution to 

the prediction of motor decline regardless of the parameter used.

When memory impairment was introduced into the regression models as 

the cognitive status variable, the model investigating limb function decline 

was statistically significant {p<0.0001),  but not the models investigating 

decline in Total ALSFRS-R scores, bulbar sub-scores or respiratory sub

scores (p>0.05).

As shown table 7.5, significant predictors of faster rates of limb functional 

decline were spinal-onset disease (p=0.023) ,  a high retrospectively 

estimated total motor decline (p=0.039),  and the presence of memory 

dysfunction {p<0.0001).
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Table 7.5 Results o f linear regression with prospectively estimated rate of limb functional decline between T1 and T2 as dependent,.Adjusted R  ̂ 0.188, 

Residual outlier removed (n=4).

Model

Unstandardized Coefficients Standardized Coefficients

t Sig.

95.0% Confidence Interval for B

B Std. Error Beta Lower Bound Upper Bound

1 (Constant) -.100 .434 -.231 .818 -.954 .763

Age at symptom onset .009 .007 .131 1,362 .177 .004 .023

Bulbar(1) versus s Spinal (0) -.301 .130 -.225 -2.308 .023 -.560 -.042

Gender Male (1 )Female (0) .130 .125 .102 1.039 .302 -.119 .379

Retrospectively Estimated Motor Progression .373 .178 .204 2.094 .039 .727 .019

Memory dysfunction Present (1) absent (0) .785 .214 .349 3.666 .000 0.359 1.210

ANOVA”

Model Sum of Squares df Mean Square F Sig.

1 Regression 8.575 5 1.715 5.255 .000"

Residual 28.396 87 .326

Total 36.971 92

a. Predictors: (Constant), memorydys, genderOI, retroprog, bulbarspinal, Age at symptom onset

b. Dependent Variable: spinalprog
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7.2.3 Effect of C9orf72 Repeat Expansion or Positive 

Family History

On excluding patients with C9orf72+ hexanucleotide repeat expansion and 

patients with family history of ALS, the negative effects of frontotemporal 

dementia and executive dysfunction on rates motor progression remained 

significant.

Median decline in functional scores in ALS-sporadic patients are shown in 

table 7.6 (retrospectively estimated rates) and Table 7.7 (prospectively 

estimate  rates,  T2 data  only as T3 data in ALS-sporadic patients was too 

small for formal analyses). Executive dysfunction in non-demented 

patients was associated with significantly higher rates of retrospectively 

estimated bulbar and limb functional decline, and prospectively estimated 

bulbar and respiratory functional decline.

Linear regression models investigating motor decline in the ALS-Sporadic 

patients also yielded similar results to those detailed above:

• In the cohort as whole, the presence of a frontotemporal syndrome 

was a significant predictor of higher rates bulbar progression (beta 

0.290, 95%  Cl 0.039-0.287, p=0.011).

• In patients without dementia,  executive dysfunction predicted more 

aggressive bulbar decline (beta 0.265, 95% Cl 0.021-0.303, 

p=0 .025) ,  while memory impairment predicted faster ra tes  limb 

functional decline (beta 0.287, 95% 0.259-1.433, p=0.008).
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Table 7.6 A summary of median decline in ALSFRS-R total scores and sub-scores, estimated retrospectively, in ALS patients with no evidence o f C9orf72 

hexanucleotide repeat expansion or a positive family history of ALS. The cohort was segregated based on cognitive status at baseline.

Executive No Executive Dysfunction

ALS-FTD

N=21

Dysfunction

N=43

ALS-NECI

N=18

No Cognitive abnormality 

N=87

N Median IQR Median IQR Median IQR Median IQR p value 1 p value 2

Total ALSFRS-R decline (points/month) 0.75 0.94 0.71 0.62 0.48 0.40 0.46 0.57 0.003 0.002

Bulbar sub-scores (points/month) 0.23 0.37 0.13 0.37 0.06 0.32 0.05 0.25 0.004 0.019

Limb sub-scores (points/month) 0.40 0.69 0.47 0.55 0.30 0.37 0.30 0.41 0.075 0.036

Respiratory sub-sores (points/month) 0.00 0.16 0.00 0.14 0.00 0.23 0.00 0.06 0.312 0.070

Key’. ALS-FTD: ALS patients with co-morbid frontotemporal dementia, ALS-NECI: ALS patients with non-executive cognitive impairment; p value 1: 

comparison of all four groups; p value 2: comparison of non-demented patients with and without executive dysfunction.
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Table 7.7 Median prospectively estimated functional motor decline (expressed in points/month) in the ALSFRS-R total score and sub-scores in the ALS in 

ALS patients with no evidence of C9orf72 hexanucleotide repeat expansion of a positive family history of ALS. The cohort was segregated based on 

cognitive status at baseline.

No dementia or executive impairment

Cognitive function at Baseline ALS-FTD Executive dysfunction
Non-Executive 

Cognitive Impairment

No cognitive abnormality

Median Functional Decline p value 1 p value 2

T1 to T2 (IQR)

N 5 16 11 56

Total ALSFRS-R score -1.2(0.82) -1.18 (1.84) -1.00(1.33) -0.83 (1.06) II p=0.267

Bulbar sub-scores -0.20(0.31) -0.27 (0.59) 0.00 (0.00) 0.00 (0.00) p=0.018 p=0.012

Limb function sub-scores -0.86(1.22) -0.55 (1.26) -0.67(1.28) -0.50 (0.67) p=0.492 p=0.777

Respiratory sub-scores -0.20(0.36) -0.18(0.53) 0.00 (0.40) 0.00 (0.17) p=0.026 p=0.008

. Key. T1: first assessment; T2: second assessment; ALS-FTD: patients with co-morbid frontotemporal lobar degeneration; p value 1: comparison of all four 

groups; p value 2: comparison of non-demented patients with and without executive dysftmction.



Sample size in C9orf72+ and ALS-FH+ cohorts was too small for similar 

detailed analyses.

7.3 Survival analysis

The following section details an investigation into the effect of cognitive 

function on overall survival time. Survival time is defined as time from 

symptom onset to death from all causes. To avoid survival bias, only ALS 

patients who were recruited within one year of diagnosis were included in 

this analysis (182 out 207 recruited patients, 87.9% ).

7.3.1 Initial Exploratory Analysis

At time of analysis (1st of September 2012) 140 out of 182 incident 

patients were deceased (76.9% ). Median survival time in the deceased 

patients was 29.5 months (range 7-92).

Univariate analysis was undertaken to explore the survival effect of the 

following demographic and clinical characteristics: age at symptom onset, 

gender, site of onset, fam ily history of ALS, education (measured in 

number of years), and disease severity at baseline estimated using 

ALSFRS-R score, C02 partial pressure at time of assessment, and Riluzole 

use.
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Factors that were associated with a significantly shorter survival time on 

univariate analysis included:

1. older age at symptom onset: HR 1.024, 95%  Cl 1 .01-1 .04,

p=0.011)

2. non-spinal site of disease onset: with a median survival time of 15 

months (95%  Cl 13.8 - 20.20) in respiratory-onset disease, 30.00  

months (95%  Cl 27.10 - 32.89) in bulbar-onset disease, versus 

36.00 months in spinal-onset disease (95%  Cl 31.25 -  40 .75 ),

p < 0 .0 0 0 1 ;

3. lower ALSFRS-T total score at baseline: HR 0.95, 95%  0 .92 -0 .97 ,

p<0.0001]

4. higher carbon dioxide level at time of assessment: HR 1.66, 95%  Cl 

1.32 -  2.09, p<0.0001;  and

5. short delay to diagnosis: HR 0.96, 95%  0 .94-0.98, p<0.0001.

Correlation analysis using Spearmen rank test showed only weak- 

moderate correlations (Spearman Rho <4.0 ) between the variables above. 

Thus all five factors were included in multivariate analyses.

Males displayed a non-significant trend for longer survival compared to 

females (36 months, 95% CI 29.4-45.60 versus 33 months, 95% CI 29.77- 

36.23, p=0.122).
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Factors th a t  displayed no significant effect  on survival on univariate 

analysis included: family history of ALS {p=0.959) ,  education (p=0.892) ,  

and Riluzole use  {p=0.843).

7.3.2 Cognition: Univariate Analyses

Of the  182 recruited incident pa tients,  24 patien ts  had evidence of co- 

morbid FTLD a t  baseline, 3 had had evidence  co-morbid dement ia  of the  

Alzheimer 's type  (DAT), and 155 pa tients  had no evidence of dement ia  

according to DSM-IV, NINCDS-ADRDA, or the  Manchester-Lund criteria. 

The th ree  pat ients with co-morbid DAT were  excluded from all su b seq u en t  

analyses.

Kaplan-Meier e s t im ated  mean  and median survival t ime in ALS-FTD 

patien ts  and patients  without dement ia  a re  shown in table  7.8.  The 

difference in survival t ime between patien ts  with and without dement ia  

was  statistically significant on univariate analysis  (log rank tes t ,  p=0.032,  

Kaplan-Meier plots of survival probabilities shown in figure 7.1).
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Table 7.8 Kaplan-Meier estimated mean and median survival time of incident ALS patients 

(n=179) segregated by the presence of co-morbid frontotemporal dementia. Key. ALS-FTD:

patients with co-morbid frontotemporal dementia.

Mean Std 95% Cl Median Std! 95% Cl

Error   Error ------------------

Lower Upper Lower Upper

Bound Bound Bound Bound

ALS-FTD 31.09 3.4 24.37 37.81 25.00 4.90 15.40 34.60

No 42.75 2.160 38.51 46.99 35.00 1.21 32.63 37.37

Dementia

Figure 7.1 Kaplan-Meier plots of survival probabilities for 179 incident ALS patients 

segregated by presence/absence co-morbid frontotemporal dementia. Log rank test for 

equality of survival functions,/?= 0.032.

Survival Functions
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O o -*-

0 .2 -

0 .0 -

40.00 60.00 80.00 100.00.00 20.00

Survival Time from Symptom Onset (in montlis)

Key: Black line: patients with co-morbid frontotemporal dementia, (n=24); dotted line: 

patients with no evidence of dementia (n=155); + censored cases.
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ALS patients without evidence of dementia were then divided into three 

cognitive categories based on cognitive status at initial visit

(1 )  patients with executive dysfunction, n=46;

(2 ) patients with non-executive cognitive impairment, n = 22; and

(3 ) patients in whom no abnormality was detected, n = 87.

As shown In table, table 7.9, the shortest Kaplan-Meier estimated mean 

and median survival times were observed in patients with executive 

dysfunction at baseline, while the longest survival times were observed in 

patients in whom no cognitive abnormality was detected. The difference 

in survival time between the three cognitive subgroups was statistically 

significant on univariate analysis (log rank test, p=0.035, Kaplan-Meier 

plots of survival probabilities shown in figure 7.2).
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Table 7.9 Kaplan-Meier estimated mean and median survival time of non-demented ALS 

patients (n=155) segregated by cognitive status at baseline;

95% Confidence 

Interval

95% Confidence 

Interval

Mean

Std.

Error

Lower

Bound

Upper

Bound

Media

n

Std.

Error

Lower

Bound

Upper

Bound

Executive Dysfunction 35.78 3.70 28.53 43.02 27.00 2.54 22.02 31.99

NEC! 42.14 6.04 30.30 54.00 33.00 2.94 27.231 38.77

No Cognitive 

Abnormality

46.68 2.91 40.97 52.39 38.00 2.60 32.907 43.09

Key: NECI: Non-executive cognitive impairment.

Figure 7.2 Kaplan-Meier plots of survival probabilities for 155 incident ALS patients 

stratified by cognitive status at baseline. Log rank test for equality of survival functions, 

p= 0.035.
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Survival Time from Symptom O nse t  (months)

Key: Black continuous line: patients with executive dysfunction, black dotted line; patients 

with non-executive cognitive impairment, grey line: patients in whom no abnormality was 

detected, + censored cases.
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7.3.3 Cognition: Multivariate Analysis

Cox proportional hazards regression (backward Wald's) was used to 

estimate the effect of any cognitive status at baseline on overall survival 

time.

Table 7.10 displays the results of the multivariate model (n = 179) which 

included age at symptom onset, spinal versus non-spinal disease onset, 

ALSFRS-R at baseline, delay to diagnosis, C02 levels, and cognitive status 

at baseline. Cognitive status was introduced into the model as a four level 

categorical variable: co-morbid frontotemporal dementia, executive

dysfunction, non-executive cognitive impairment, and no cognitive 

abnormality (w ith the latter being the reference category).

Using intact cognition as reference, a significant negative effect on 

survival time was documented in co-morbid dementia (HR 1.76, 95% Cl 

1.01 -  3.04, p=0.045),  and of executive dysfunction (HR 1.81, 95% Cl 

1.18 -  2.78, p=0.007).  Non-executive cognitive impairment was not 

associated with a significant negative prognostic effect (p=0.548).

Other variables that exerting a significant effects on survival tim e in the 

model were C02 levels {p=0.011),  total ALSFRS-R score at baseline and 

delay to diagnosis (p<0.0001), and cognitive status at baseline 

ip=0.032).
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Table 7.10 Multivariate analysis of survival time in ALS patients (n=179). Model included 

age at symptom onset, ALSFRS-R score at baseline, C02 levels, site of onset, diagnostic 

delay, and cognitive status expressed as a four level categorical variable; co-morbid FTLD, 

executive dysfunction, non-executive cognitive impairment, and (reference level) intact 

cognition. .

B SE Wald df Sig. Exp(B)

95.0% Cl for Exp(B)

Lower Upper

Step 1 Age_symptom .018 .011 2.887 1 .089 1.019 .997 1.040

T1_ALSFRSR -.048 .013 13.693 1 .000 .953 .929 .978

C02_levels .339 .131 6.729 1 .009 1.403 1.086 1.812

Non_spinal -.309 .190 2.648 1 .104 .734 .506 1.065

Cognitive_status4 9.961 3 .019

Cognitive_status4(1) .686 .291 5.536 1 .019 1.985 1.121 3.514

Cognitive_status4{2) .603 .220 7.513 1 .006 1.827 1.187 2.811

Cognitive_status4(3) .247 .291 .720 1 .396 1.280 .724 2.265

Delay_onset_diag -.063 .012 29.239 1 .000 .939 .918 .961

Step 2 Age_symptom .019 .011 3.159 1 .075 1.019 .998 1.041

T1_ALSFRSR -.050 .013 14.634 1 .000 .952 .928 .976

C02_levals .334 .131 6.515 1 .011 1.397 1.081 1.806

Cognitive_status4 8.880 3 .031

Cognitive_status4(1) .563 .280 4.034 1 .045 1.756 1.014 3.043

Cognitive_status4(2) .594 .219 7.353 1 .007 1.811 1.179 2.783

Cognitive_status4(3) .172 .287 .360 1 .548 1.188 .677 2.087

Delay_onset_diag -.063 .012 29.692 1 .000 .939 .917 .960
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7.3.4 Effect of C9orf72 Repeat Expansion or Positive 

Family History

Survival effects of cognitive impairment were investigated in patients with 

no evidence of a known gene mutation/family history of ALS who were 

assessed within one year of diagnosis (incident ALS-Sporadic cohort, 

n = 148). Of these, 18 patients had evidence of co-morbid FTLD at 

baseline, 38 patients had evidence of executive dysfunction, 17 patients 

had evidence of NECI, and 75 patients had no detected cognitive 

abnormality.

In this ALS-Sporadic sub-cohort,  median survival t ime in ALS-FTD patients 

was shorter than that  of patients without dementia (23 months 95% Cl 

10.53 - 35.47, n = 18 versus 35.00 months, 95% 32.74 -  37.26, n = 130), 

but the difference did not reach statistical significance {p=0.069).

In ALS-sporadic patients without dementia,  shor ter  mean and median 

survival t imes were observed in patients with executive dysfunction (table 

7.11).  Univariate analysis of survival t ime in the three cognitive subgroups 

was of borderline significance (log rank test  p=0.05) ,  but when non

demented patients were segregated simply by the presence or absence of 

executive dysfunction, a statistically significant difference was observed

{p=0.021).
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Table 7.11 Kaplan-Meier estimated mean/median survival time o f non-demented ALS- 

Sporadic patients (n=130) segregated into based by cognitive status at baseline. Key: NECI: 

non-executive cognitive impairment.

95% Cl 95% Cl

Mean

Std.

Error

Lower

Bound

Upper

Bound Median

Std.

Error

Lower

Bound

Upper

Bound

Executive

Dysfunction

36.20 4.22 27.92 44.47 27.00 3.082 20.96 33.04

NECI 40.62 4.86 31.08 50.15 34.00 3.871 26.41 41.59

No Cognitive 

Abnormality

47.46 3.22 41.14 53.78 38.00 3.157 31.81 44.19

Table 7.12 Kaplan-Meier estimated mean and median survival time of non-demented ALS- 

Sporadic patients (n=130) segregated by the presence or absence of executive dysfunction.

95% Cl 95% Cl

Mean

Std.

Error

Lower

Bound

Upper

Bound Median

Std.

Error

Lower

Bound

Upper

Bound

Executive

Dysfunction

36.20 4.22 27.92 44.47 27.00 3.082 20.96 33.04

No Executive 

Dysfunction

46.65 2.89 41.00 52.30 37.00 3.16 30.81 43.19

Multivariate analysis, using a cox proportional hazards proportional 

regression analyses, was carried out to further investigate the survival 

effect of cognitive status at baseline in the ALS-Sporadic sub-cohort. The 

model (n = 148) included the following background variables: age at 

synriptom onset, site of onset, delay to diagnosis, ALSFRS-R total score, 

C02 partial pressure as well as cognitive status at baseline was expressed 

as a four level categorical variable (w ith intact cognition as the reference 

group).
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In this model (Table 7 .13),  ALSFRS-R score, delay to diagnosis, and 

cognitive status baseline were significant prognostic predictors. With 

regard to the cognitive categories,  only executive dysfunction emerged as 

a statistically significant negative prognostic indicator (HR 1.93, 95% Cl 

1.19 -3 .11,  p=0.007)

Table 7.13 M ultivariate analyses o f survival time in ALS-sporadic patients (n=148). 

Variables investigated: age, ALSFRS-R score, C 0 2  levels, site o f  onset, diagnostic delay, and 

cognitive status expressed as a four level categorical variable: co-morbid FTLD, executive 

dysftinction, non-executive cognitive impairment, and (reference level) intact cognition .

B SE Wald df Sig. Exp(B)

95.0% Cl for 

Exp(B)

Lower Upper

Step Age_symptom .029 .013 5.361 1 .021 1.030 1.005 1.056

1 T1_ALSFRSR -.047 .014 10.735 1 .001 .954 .928 .981

C 02Jevels .168 .159 1.124 1 .289 1.183 .867 1.615

Non_spinal -.292 .216 1.824 1 .177 .747 .489 1.141

Cognitive_status4 8.082 .044

Cognitive_status4(1) .643 .336 3.672 1 .055 1.903 .985 3.675

Cognitive_status4(2) .631 .245 6.627 1 .010 1.880 1.163 3.041

Cognitive_status4(3) .262 .332 .623 1 .430 1.300 .678 2.494

Delayonset_diag -.059 .012 23.505 1 .000 .943 .920 .965

Step Age_symptom .032 .012 6.852 1 .009 1.033 1.008 1.058

2 T1_ALSFRSR -.051 .014 13.669 1 .000 .950 .925 .976

Non_spinal -.305 .215 2.006 1 .157 .737 .484 1.124

Cognitive_status4 8.613 .035

Cognitive_status4(1) .662 .333 3.941 1 .047 1.938 1.008 3.725

Cog n iti ve_statu s4(2) .650 .245 7.021 1 .008 1.916 1.184 3.100

Cognitive_status4(3) .257 .332 .600 1 .438 1.293 .675 2.477

Delayonset_diag -.059 .012 24.212 1 .000 .943 .921 .965

Step Age_symptom .033 .012 7.295 1 .007 1.034 1.009 1.059

3 T1_ALSFRSR -.054 .014 15.183 1 .000 .948 .923 .974

Cognitive_status4 8.108 .044

Cognitive_status4(1) .552 .323 2.918 1 .088 1.737 .922 3.273

Cognitive_status4(2) .655 .244 7.181 1 .007 1.925 1.192 3.109

Cognitive_status4(3) .185 .328 .319 1 .572 1.204 .633 2.289

Delayonset_diag -.059 .012 24.561 1 .000 .942 .921 .965
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Assessment within one year of diagnosis was carried out in 17 out of 18 

recruited patients with the pathogenic C9orf72 hexanucleotide repeat 

expansion (C9orf72+) and 13 out of 15 patients with a positive family of 

ALS in the absence of a known gene mutation (ALSFH + ). Because of the 

relatively small cohort size in these subgroups, the survival effect of 

cognition was investigated in two groups: patients with and without 

evidence of a frontotemporal syndrome, defined as co-morbid 

frontotemporal dementia or executive impairment.

In the C9orf72+ cohort, patients with frontotemporal syndromes, had 

shorter median survival time compared to patients with no evidence of 

dementia or executive impairment, but the difference was not statistically 

significant on univariate analysis (26.00 months, 95%  Cl 20.16 -  30.84, 

n=9, SE 2.98, versus 31 months, 95%  18.53- 43.47, SE 6.36, n=8, 

p=0.242).

The above trend was less apparent in the ALSFH+ cohort with median 

survival of 40 months in patients with frontotemporal syndromes (95%  

3.5 -76.5 , SE 18.6, n=5) compared to 41 months in patients with no 

evidence of dementia or executive dysfunction (95%  Cl 27.14 -54 .86, SE 

7.07, n=8, p=0.635).

Sample sizes in the C9orf72+ and the ALSFH+ cohorts were too small for 

multivariate analyses.
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7.4 Discussion

7.4.1 Motor Progression

One of the striking manifestations of disease heterogeneity within the ALS 

is the highly variable rates of motor decline among patients. Overall 

survival time in ALS patients ranges from less than 6 months to over 10 

years (Cedarbaum, 2004; Chio et al., 2002; Chio et al., 2009a; Armon et 

al., 2000; Czaplinski et al., 2006; Gargiulo-Monachelli et al., 2012). 

Although some authors have suggested that other features of disease 

heterogeneity in ALS, such as site of onset, maybe be a so-called red 

herring of no consequence with regard to underlying pathogenic 

mechanism or possible response to therapy, most experts agree on the 

importance of heterogeneity in rates of disease progression.

Motor progression was estimated in this study both retrospectively and 

prospectively. The advantage of retrospective estimation is increased 

study power as all recruited patients were included in the analysis. 

However, it is limited by recall bias as estimation of disease duration is 

dependent on history provided by patients and their care givers. 

Prospective estimation of motor progression allows more objective 

calculations, but can only be carried out in patients who able to undertake 

repeated assessments. This leads not only to reduced power, but also to 

possible survival bias, as patients with aggressive disease are more likely 

to be lost to attrition. Thus, the use of both retrospective and prospective 

estimation was undertaken with the expectation that the two methods 

would yield complimentary results.
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When rates of motor progression were estimated retrospectively, the  

presence of a fronotemporal syndrome, defined as co-morbid-FTLD or 

executive dysfunction in patients without dem entia, was associated 

significantly higher rates of decline in bulbar, and a lesser extent overall 

and limb functional decline. Similar results were observed on direct 

comparison of prospectively estimated rates of motor progression. 

Patients with executive dysfunction displayed faster rates of decline in 

bulbar and respiratory decline at T2 and more rapid overall motor decline 

at T3.

Linear regression analysis suggested that bulbar-onset of disease and 

executive im pairm ent predicted higher rates of bulbar decline. Executive 

dysfunction was of borderline significance in case of respiratory decline.

Bulbar-onset disease was significant predictor of respiratory decline. This 

is consistent with a recent study that compared respiratory involvem ent in 

bulbar onset versus spinal onset patients recruited within 18 months of 

disease onset (Pinto et al., 2007) .Although there was no difference in 

disease duration between the two groups, bulbar onset patients had 

significantly worse respiratory function as estimated by FVC.

Linear regression analyses yielded another interesting, albeit unexpected, 

finding. Non-executive change, specifically memory dysfunction, predicted 

faster limb functional decline. This results was consistent with the 

observed trend for ALS-NECI patients to have the highest rates of 

prospectively estimated limb function decline at T2 (see table 7 .2 ), though 

differences on direct comparison did not reach statistical significance.

224



7.4.2 Survival Analysis

Survival analysis was limited to patients assessed  within one year of 

diagnosis to minimize the risk of survival bias. Exploratory analyses of 

survival time in the incident cohort as a whole demonstrated that  baseline 

characteristics associated with a negative effect on overall survival 

include older age at symptom onset,  non-spinal disease onset  (i.e. bulbar 

or respiratory),  more severe disability at  diagnosis, and shorter  delay to 

diagnosis. These associations have all been previously reported by other 

groups (Gil et  al., 2007; Mandrioli et  al., 2006; Czaplinski et  al., 2006; 

OIney et al., 2005; Paillisse et al., 2005; Rusina et al., 2010; Alcaz et al., 

1996; Turner et al., 2010; Gargiulo-Monachelli et  al., 2012). A short delay 

to diagnosis is thought to be a reflection of rapidly progressive disease 

resulting in the patient seeking medical attention in a more active manner  

and facilitating easier clinical diagnosis (Chio et  al., 2009a).

Male gender  was associated with a non-significant trend to have better 

prognosis. However, the difference was significant when all patients were 

included in the analyses,  including patients recruited after 12 months of 

diagnosis {p=0.032,  data not shown). This may reflect reduced power on 

confining the analyses to incident patients or, alternatively, tha t  the 

protective effect associated with the male gender  is more apparent  when 

prevalent cases are included. The literature on gender effect on survival is 

inconsistent, with a significant effect observed more frequently in 

retrospective studies as opposed to prospective population-based studies 

(Lopez-Vega et al., 1988; Marti-Fabregas et al., 1996; Chancellor et  al., 

1993; del Aguila et  al., 2003).
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A few studies liave endeavoured to investigate tine effect of cognitive 

status on survival. OIney and colleagues (2005 ) reported that ALS-FTD 

patients had significantly shorter survival compared to patients with 

normal cognition, and attributed this finding, at least partially, to poor 

compliance with medical interventions. Gordon et al reported that 

moderate but not mild cognitive impairm ent is associated with poor 

outcome (Gordon et al., 2010). Rusina et al (2010 ) and Rippon et al 

(2006 ) failed to find any association between cognitive function and 

outcome.

The findings of this study inform and extend the above mentioned 

reports. The negative survival effect of co-morbid FTLD reported by OIney 

et al was replicated, and (when the entire cohort was examined) 

confirmed in a m ultivariate model that adjusted for age, site of onset, 

and disease severity as measured by delay to diagnosis, ALSFRS-R score 

and C 02 levels. However, the trend did not reach statistical significance in 

the ALS-Sporadic sub-cohort. This variance may be secondary to reduced 

power in the sub-cohort, but another important factor needs to be 

considered. OIney et al excluded patients with cognitive impairm ent from  

their study, and compared survival tim e in ALS-FTD to patients with intact 

cognition. In this study survival in ALS-FTD patients was compared to 

non-demented ALS patients regardless of their cognitive status. Thus the 

ALS without dementia cohort in this study included cognitively impaired 

who may also have poor outcome in their own accord.
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Indeed, the findings of this study have dennonstrated that the presence of 

executive dysfunction, in the absence of dem entia, is an important 

negative prognostic indicator. The negative survival effect of executive 

dysfunction persisted in all m ultivariate models, including those carried 

out in ALS-Sporadic sub-cohort. A more aggressive bulbar and possibly 

respiratory decline in patients with executive dysfunction would explain, at 

partially, the negative prognostic outcome. I t  would also explain the 

conflicting literature about the link between bulbar onset and cognitive 

im pairm ent in ALS. I t  would also be consistent with the suggestion that 

executive dysfunction is linked to the presence of severe bulbar symptoms 

at onset, reflecting a rapid rates of bulbar progression regardless of the 

actual site of onset of disease (Sterling et al 2010, Massman et al 1996).

Gordon et al (2010 ) suggested that moderate but not mild cognitive 

impairm ent had a significant negative effect on survival. Cognitive status 

was estimated using a global deficit score, calculated using z scores from  

multiple neuropsychological tests. None of the patients in this study had 

severe cognitive impairm ent or dementia. The study was also limited by 

absence of a control population, and by the recruitm ent of patients 

through tertiary referral centres, which renders the cohort subject to 

selection bias.

The data generated in this study suggest that the pattern of cognitive 

impairment is at least as important as the degree of impairm ent. The 

presence of frontotemporal cortical involvement in the form of dementia 

or executive-frontal deficits may be a m arker for a more aggressive, 

possibly distinct form of ALS.
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The concept of ALS-FTD representing a distinct entity with poorer 

prognosis, is supported by a recent report of significantly shorter survival 

in these ALS-FTD patients compared to sporadic behavioural variant 

frontotemporal dem entia, despite the similarities in neuro-behavioural 

profile (Lillo et al., 2010).

The results of this chapter seem to contrast with two previous studies that 

reported that cognitive impairm ent had no effect on disease evolution 

(Rippon et al., 2006, Rusina et al., 2010 ). The neuropsychological battery  

utilised in one study was not sensitive to executive dysfunction and the 

diagnosis of dementia was heavily reliant on memory dysfunction (Rippon 

et al., 2006 ). In the second study cognitive impairm ent was defined as 

im pairm ent in at least two cognitive domains below 1.5 SD of normal 

values for a given age and degree of education (Rusina et al., 2010). 

There was no attem pt by the authors to distinguish patients with 

executive dysfunction from patients without executive dysfunction. The 

generated data is consistent with these reports because impairm ent in two 

or more cognitive domains (such as memory, language), in the absence of 

executive dysfunction, had no significant effect on survival.

Frontotemporal cortical involvement is likely to be associated with poor 

compliance with medical intervention (OIney et a!., 2005 ). Indeed, ALS- 

FTD patients in this cohort were observed to be less likely to be on regular 

Riluzole therapy.
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While it is not possible to exclude the possibility that patients with FTD, 

and those with executive dysfunction have a shorter survival because of 

reduced compliance with interventions such non-invasive ventilation, the 

data generated in this projects, would argue that the disease trajectory  

in these patients was more rapid, as measured by motor functional 

decline.

The links between cognitive deficits, rates of motor decline and overall 

survival may be driven by shared pathomechanisms related to genetic 

makeup, anatomical correlates and/or underlying pathology. Notably, the 

links between cognitive status and motor progression were unaffected by 

C9orf72 status. Patients C9orf72 gene mutation had higher rates of co- 

morbid FTLD, but the incidence, characteristics and prognostic effects of 

non-dementia executive dysfunction were identical to those of ALS- 

Sporadic patients. No evidence of language-variant FTLD or non-executive 

cognitive impairm ent was observed in C9orf72 cohort. This is interesting 

in the context of reports worse prognosis in C9orf72 positive patients.

ALS patients with a positive family history of ALS in the absence of a 

known gene mutation, are likely to harbour, a yet to discovered genetic 

abnormality. The over-representation of non-executive abnormalities and 

generally less aggressive disease in this subgroup (even in patients with 

executive change) needs further more detailed analysis with larger sub

cohorts.
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Differences in phenotype and survival between incident and prevalent 

populations have previously been reported by in the Irish population 

(O'Toole et al., 2008). If, as the data would suggest, executive function is 

a negative prognostic indicator, it is likely the frequency of executive 

dysfunction will be higher in an Incident population than in a prevalent 

based cohort.

Accordingly, the findings of this study nnay account for some of the 

marked variations in previously reported rates of cognitive im pairm ent in 

ALS. These important observations, if replicated in further population- 

based studies, should be considered in stratification of future clinical trials. 

The next chapter presents the results of the behavioural aspects of this 

project as well as the exploratory study of social cognition in ALS.
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8.1 Behaviour

This f irst sec t ion  of  th is  c h a p t e r  is focused  on  t h e  following t h e  third,  

four th  a n d  fifth a im s  of  t h e  the s i s :

Aim (3)  To inves t iga te  if behav ioura l  function in ALS p a t i e n t s  can  be  u sed  

to divide p a t i e n t s  into clearly defined dist inct  s u b g r o u p s  with specif ic 

behav ioura l  p a t t e r n s ,  d e m o g ra p h ic  profi les,  and  clinical charac te r i s t ics .

Aim (4) To inves t iga te  if behav ioura l  im p a i r m e n t  in ALS im p a c t s  t h e  r a te  

of  m o t o r  p rog res s ion  and  h a s  an  overal l  survival  effec t

Aim (5)  To inves t iga te  t h e  corre lat ion ,  if any ,  b e t w e e n  ALS p a t i e n t s '  

cogni t ive s t a t u s ,  and  behav ioura l  function

This c h a p t e r  is c o n c e rn e d  with t h e  f r e q u e n c y  a n d  clinical co r re l a t e s  of 

behav ioura l  im p a i rm e n t  in ALS. Behavioura l  in form ation  w a s  o b ta in ed  via 

di rec t  e v a lua t ions  of  pa t ien t s ,  a s e m i - s t r u c tu r e d  in te rv iew with c a re r s ,  and  

t h e  w h e r e  possib le t h e  u s e  t h e  Frontal  s y s t e m s  behav ioura l  sca le  (FrSBe) 

scale.  This  is a 4 6  i t em behav ioura l  sca le  t h a t  in v e s t ig a t e s  behav ioura l  

c h a n g e s  c o m m o n ly  e n c o u n t e r e d  in p a t i e n t s  with fronta l  lobe injury,  

n a m e ly  a p a t h y ,  disinhibit ion,  a n d  d y s e x e c u t iv e  behav iour .  A de ta i led  

descr ip t ion  of th is  sca le  is provided  in sec t ion  5 .4 .5 .
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The criteria used to define behavioural  im pairment  using the  FrSBe scale 

are  detailed in Chapter  5, section 5.5.3.  In brief, e s t im a te s  of current 

behaviour were  based  on age,  sex,  and education ad jus ted  T scores  

obtained using raw scores  Family-Rated Form of th e  FrSBe comple ted by 

the  main care  giver. Dysfunction on any of th e  FrSBe sub-sca les  (apa thy ,  

dysexecutive  behaviour,  disinhibition, total behaviour)  was  defined as  a T 

score of 65 or more  in the  "At Present"  evaluation of t h a t  scale. If the  

re levant  "Before O nse t  of Illness" T score was also more  than  65 then 

the  "At Present"  T score had to exceed tha t  score  with a t  least  5 points to 

be considered abnormal.  The diagnosis of behavioural  Im pa i rm en t  

required th e  p re sence  of abnormal scores  on least  two out the  four 

subscales .

8.1.1 Capture rate and Sample Demographics

A Family-Rated FrSBe form was  completed by th e  main care giver in 133 

out of 204 recruited pa tients  (6 5 .20%  note  th a t  the  3 pa tients  with co- 

morbid DAT were  excluded from this analysis) .  There  were  no significant 

demographic  differences be tween patients  in whom FrSBe scale 

behavioural da ta  was  available and those  in whom this da ta  was not 

available ( see  table  8.1).
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Table 8.1 Comparison o f Baseline demographics o f the ALS patients in whom Frontal 

Systems Behavioural Scale is available (FrSBe+) and those in whom data is not available 

(FrSBe -).

Baseline Demographics FrSBe + (n=133) F rSB e-(n=71)

Mean age at T1 (SD) 61.00 (9.29) 61.69(11.64) 0.640

Males % 59.4% 59.2% 0.973

Mean education (SD) 12.26 (3.27) 11.90 (3.30) 0.463

Site of onset: Spinal-onset 60.9% 66.2%

Bulbar-onset 37.6% 32.40 0.755

Respiratory-Onset 1.5% 1.4%

Median ALSFRS-R score (IQR) 38.00(11.00) 37.00 (12.00) 0.162

Median bulbar sub-score (IQR) 10,00 (5.00) 10(4.00) 0.700

Use of Non-Invasive ventilation 9.8% 14.1% 0.487

Enteral feeding tube in situ 16.5% 14,1% 0.797

Riluzole use % 83.5% 81.7% 0.901

FH of ALS 15.0% 8.5% 0.806

FH of FTLD 6.0% 2.8% 0.499

FH of Dementia of Alzheimer Type 12.8% 11.1% 0.928

FH of Parkinson’s disease 9.8% 8.5% 0.955

FH of Psychiatric disorders 9.0% 7.0% 0.592
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8.1.2 Population-based Incidence of Behavioural 

Impairment

Behavioural impairment, as defined above, was documented in 31 non

demented patients (26.7% ). The most frequent behavioural abnormality 

reported by carers in ALS patients w ithout dementia (n = 117) was 

increased apathy (36.8% ) followed increased dysexecutive behaviour 

(19.7% ), and increased disinhibition (14.7% ).

Higher rates of behavioural impairment were observed patients who were 

positive for the C9of72 hexanucleotide repeat expansion on chromosome 

9 compared to ALSFH+ and ALS-sporadic patients. This was observed 

regardless of whether the whole cohort was included in the analyses 

(c9orf72+: 7/13 or 53.8% versus 5/13 or 38.5% and 30/106 or 28.3% 

respectively), or it was confined to patients without dementia (c9orf72 + , 

4/10, 40%, ALSFH + , 4/12, 33.3% ; and ALS-sporadic, 23/93, 24.7% ), but 

the differences were not statistically significant {p=0.157  and p=0.452, 

respectively). Significantly higher rates of abnormal apathy scores were 

documented in C9orf72+ patients (6/11, 54.5% ) and ALSFH+ patients 

(8/12, 66.7% ) compared to ALS-sporadic patients (29/94, 30.1%, 

p=0.025).
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8.1.3 Characteristics of Behaviourally Impaired 

Patients

8 .1 3 .1  D emographic and Clinical Characteristics

There were no significant differences in baseline demographic or clinical 

characteristics between behaviourally impaired non-demented ALS 

patients compared to ALS patients with no evidence of behavioural 

impairment (see table 8.2).

The clinical associations of change in specific FrSBe subscales (apathetic 

behaviour,  disinhibition, and dysexecutive behaviour) were also 

investigated. Increase in apathy and disinihibition scores since onset of 

illness correlated with lower ALSFRS-R scores (Spearman Rho -0.262, 

p = 0 .002  and Spearman Rho -0.263, p=0 .004  respectively), lower 02  

saturations (Spearman Rho -2.25, p=0 .018  and Spearman Rho -2.19,  

p=0.021 respectively),  and higher C02 levels at  t ime of assessment  

(Spearman Rho 2.12, p=0.026  and Spearman Rho 2.19, p=0.021  

respectively).  Increase in dys-executive behaviour,  as estimated by 

carers,  correlated only with lower ALSFRS-R scores at baseline (Spearman 

Rho -3.02, p=0.001).

Although there was no difference in the frequency of behavioural 

impairment between bulbar-onset and spinal-onset patients (see table 

8.2),  bulbar-onset patients had a significantly higher median increase in 

disinhibition scores since onset of illness (6.0, IQR 12, n=43 versus 0.00, 

IQR 5.0, n = 71, p=0.001).
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Table 8.2 Demographics o f behaviourally impaired (ALSbi) versus behaviourally intact 

(ALS) non-demented ALS patients.

Baseline Demographics ALSbi (n=31) ALS (n=86) p value

Mean age at T1 (SD) 61 .0 0 ( 10.52 ) 60.56  (9 .38 ) 0.832

Males % 61 .3% 58 .8% 0.979

Mean education (SD) 12.77 (3 .31 ) 12.11 (3 .39 ) 0.463

Site of onset: Spinal-onset 60 .9% 66 .2 %

Bulbar-onset 37 .6% 32.40 0.755

Respiratory-Onset 1.5% 1.4%

Median ALSFRS-R score (IQR) 37 .0 0 ( 10.00 ) 40.00  (9 .00 ) 0.118

Median bulbar sub-score (IQR) 10.00 (5 .00 ) 11 (4 .00 ) 0.110

Median Oxygen Saturation% (IQR) 97 (2 .0 ) 97 (2 .0 ) 0.528

Median Carbon dioxide levels kPa (IQR) 5 .4 ( 1. 1) 5.1 (0 .9 ) 0.079

Use of Non-Invasive ventilation 9 .7% 8 .2% 0.726

Riluzole use % 80 .6% 88 .2 % 0.362

FH of ALS 22 .6% 11.8% 0.246

FH of FTLD 0 .0% 4 .7% 0.572

FH of Dementia of Alzheimer Type 6 .5% 15.3 % 0.348

FH of Parkinson’s disease 12.9% 8 .2 % 0.481

FH of Psychiatric disorders 6 .5% 8 . 1% 1.000
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8.1.3.2 Cognitive Function

With regard to cognitive function,  normal cognition was  observed  less 

frequently in behaviourally impaired com pared  to behaviourally intact ALS 

pa tients,  but the  difference was  not statistically significant {p=0.240,  s ee  

table 8.3).

Table 8.3 Summary of cognitive function in ALS patients without dementia after segregation 

by the presence or absence of behavioural impairment. Key: NECI: non-executive cognitive 

impairment.

Behaviourally Impaired Behaviourally Intact 

ALS Patients ALS Patients

Executive Dysfunction 35.5% 22.9%

NECI 16.1% 11.6%

No Cognitive abnormality 48.4% 66.3%

Direct comparison of m ean  scores  of the  two patient sub-cohor ts  on the  

all neuropsychological  ta sks  in the  battery  also revealed no statistically 

significant differences.
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Of note, increase in dysexecutive behaviour, as estimated by carers, 

correlated poor scores on several executive tasks: Stroop CWI task 

(Spearman Rho 0.221, p=0.037) ,  CAT-VF (Spearman Rho -0 .266, 

p=0.013) ,  and phonemic VFI (Spearman Rho, 0.257, p=0.007) .  There 

were no significant correlations between apathy or disinihibition scores 

and cognitive scores.

8.1.3.3 M otor Progression and Prognostic Implications

There were no significant differences in rates of motor progression, 

estimated prospectively or retrospectively, between behaviourally 

impaired and behaviourally intact patients {p>0.05  in all cases). Results 

were unchanged on segregating patients based on the presence or 

absence of the C9orf72 expanded hexanucleotide repeat and/or a positive 

family history for ALS.

Correlation analyses revealed that increase in disinhibition scores since 

onset illness correlated with higher rates of bulbar-functional decline, 

whether estimated retrospectively (Spearman Rho 0.417, p<0.0001,  

n = 117) or prospectively (Spearman Rho 0.239, p=0.038,  n = 78).

The effect of behavioural impairment on survival time was also 

investigated in ALS patients without dementia (n = 117).
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At time of analysis (September 2012), 72 .9%  of the behavioural cohort 

were deceased (97 /133 ), including 11 out of 16 ALS-FTD patients and 86 

out of 117 ALS patients with no evidence of dementia (73 .5% ).

Median survival time in behaviourally impaired non-demented ALS 

patients (n = 31, 34 months, 95%  Cl 26 .37 -41 .64 ) was not significantly 

different from that of behaviourally intact patients (n = 86, 36 months, 

95% C I 31.93-41.06, log rank test p=0.571,  see figure 8.1). Similar 

results were obtained on investigating abnormal scores on a specific 

FrSBe subscale (e.g. abnormal apathy scores, see table 8.4).

Figu re 8 .1  Kaplan-Meier plot o f  survival probabilities for 117 non-demented ALS 

patients stratified by presence o f behavioural impainnent as per FrSBe. Log rank test for 

equality o f survival fiinctions p =  0.571.
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Key: Black line: behaviourally impaired ALS patients, Dotted line: ALS patients w ith no

evidence behavioural impairment, +.' censored cases.
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Table 8 .4  Kaplan-Meier estimated median survival t ime in ALS patients 

without dementia segregated  by the presence of a specific behavioural 

change as estimated using Family-Rated FrSBe subscales.

Behavioural

Change

n Median Survival Time 

(95%CI)

p value

Apathy Present 43 33.00 (28.00-38.00) 0.263

Absent 74 37.00 (33.31 -40.69)

Disinhibition Present 17 33.00 (29.00-37.03) 0.607

Absent 99 37.00 (33.00-41.01)

Dysexecutive behaviour Present 23 33.00 (27.13 -38 .87) 0.533

Absent 94 36.00 (32.52 -  39.48)

8.1.4 Gender Specific Behavioural Profiles

Important differences in the clinical correlates of behavioural impairment 

were observed when the C9orf72 negative patient cohort (n = 106) when it 

was segregated by gender.

As shown in table 8.5 and 8.6, there were no significant differences in 

background variables of behaviourally impaired versus behaviourally 

intact patients post segregation of cohort by gender,  though 

behaviourally impaired female patients tended to older than behaviourally 

intact female patients (mean age 67.73, SD 5.91 versus  61.57, SD 9.68, 

p =0.045).
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Table 8.5 Comparisons o f baseline demographics o f behaviourally impaired (ALSbi) versus 

behaviourally intact (ALS) m ale non-demented ALS patients.

Baseline Demographics ALSbi (n=15) ALS —(n=46)

Mean age at T1 (SD) 57.24  ( 10.48 ) 60 .5 0 (9 .32 ) 0.259

Mean education (SD) 12.67 (3 .02 ) 12.3 7 (3 .92 ) 0.789

Site of onset: Spinal-onset 73 .3%% 67 .4%

Bulbar-onset 26 .7% 28 .3% 1.000

Respiratory-Onset 0 .0 % 4 .3%

Median ALSFRS-R score (IQR) 39.00  ( 12.00 ) 41.00  (9 .00 ) 0.113

Median bulbar sub-score (IQR) 11.00 (5 .00 ) 11 (2 .25 ) 0.583

Median Oxygen Saturation% (IQR) 97  (2 .0 ) 97 (2 .0 ) 0.289

Median Carbon dioxide Partial Pressure (IQR) 5.3 (0 .5 ) 5.1 (0 .9 ) 0.200

Use of Non-Invasive ventilation 0 .0% 4 .3% 1.000

Enteral feeding tube in situ 6 .7% 4 .3% 1.000

Riluzole use % 80 .0% 91 .3% 0.468

FH of ALS 13.3% 10.9% 1.000

FH of FTLD 0 .0% 2 .2% 1.000

FH of Dementia of Alzheimer Type 13.3% 13.0% 1.000

FH of Parkinson’s disease 13.3% 8 .7% 0.630

FH of Psychiatric disorders 13.3% 15.2% 1.000
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T able  8.6 Comparisons o f baseline demographics o f behaviourally impaired (ALSbi) versus 

behaviourally intact (ALS) female non-demented ALS patients.

Baseline Demographics ALSbi (n=12) A LS-(n=33)

Mean age at T1 (SD) 67.73 (5.91) 61.57 (9.68) 0.045

Mean education (SD) 13.17 (3.90) 11.85 (2.61) 0.199

Site of onset: Spinal-onset 50.0% 54.5%

Bulbar-onset 50.0% 45.5% 1.000

Median ALSFRS-R score (IQR) 36.50(8.00) 39.00 (8.00) 0.409

Median bulbar sub-score (IQR) 9.00 (5.50) 10.00 (5.50) 0.268

Median Oxygen Saturation%  (IQR) 97.5% (2.0) 97.0% (2.0) 0.569

Median Carbon dioxide Partial Pressure (IQR) 5.65 (1.1) 5.15(1.1) 0.259

Use of Non-Invasive ventilation 16.7%% 12.1% 1.000

Enteral feeding tube in situ 33.3% 24.2% 0.851

Riluzole use % 75.0%% 84.8% 0.661

FH of ALS 0%% 9.1% 0.598

FH ofFTLD 0.0% 0.0% -

FH of Dementia of Alzheimer Type 0.0% 15.2% 0.303

FH of Parkinson’s disease 8.3% 5.6% 1.000

FH of Psychiatric disorders 0.0% 3.0% 1.000
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The striking differences between the male and female cohorts were 

observed on the influence of behavioural impairment on overall survival 

time.

In males, behaviourally impairment was associated with a longer mean 

and median survival times (see table 8.7, and figure 8.2). The difference 

between the two groups was statistically significant on univariate analysis 

(log rank test p=0.019) .  Using a multivariate model that included age at 

symptom onset, site of disease onset, ALSFRS-R at baseline, C02 levels, 

and the presence/absence of executive dysfunction, behavioural 

impairment in males was associated with hazard rate (HR) of 0.43 (95%  

Cl 0 .21-0.92, p-0.029, see table 8.8 for full results of the model).

Table 8.7 Kaplan-M eier estimated mean and median survival time (from symptom onset) in 

the C9orf72 negative male cohort with o f  non-demented ALS (n=61) segregated by the 

presence (ALS-bi) or absence (ALS) o f behavioural impairment as per FrSBe scale..

Behavioural

Categorisation

Mean^ Median

Mean

Std.

Error

95% Confidence 

Interval

Median

Std.

Error

95% Confidence 

Interval

Lower

Bound

Upper

Bound

Lower

Bound

Upper

Bound

ALSbi 87.874 11.136 66.048 109.700

ALS 47.242 4.355 38.706 55.778 36.000 4.415 27.347 44.653

Overall 59.234 5.860 47.748 70.721 42.000 5.867 30.501 53.499

a. Estimation is limited to the largest survival time if it is censored.
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Figure 8 .2  Kaplan-M eier plot o f survival probabilities for 61 non-demented male ALS 

patients stratified by presence o f  behavioural impairment as per FrSBe. Log rank test for 

equality o f  survival functions p=  0.019.
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Key: Black line: behaviourally impaired male ALS patients; dotted line: M ale ALS patients

with no evidence behavioural impairment, +.• censored cases.
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Table 8.8 The results of cox proportional hazard multivariate model investigating the effect of behavioural impairment in male non-demented ALS patients 

after adjusting for the effects of age at symptom onset, site of onset, ALSFRS-R score at baseline, C 02 levels, delay to diagnosis, and presence or absence of 

executive dysfunction.

B SE Wald df Sig. Exp(B)

95.0% Cl for Exp(B)

Lower Upper

Step 1 age_sympton .053 .017 9.530 1 .002 1.055 1.020 1.091

Executive_Dysf .807 .470 2.952 1 .086 2.242 .893 5.633

Delay_to_diag -.109 .028 15,814 1 .000 .896 .849 .946

C 02Jevel .317 .303 1.100 1 .294 1.374 .759 2.486

T1_ALSFRSR -.061 .029 4.336 1 .037 .941 .889 .996

Behav_Categ -1.352 .478 8.009 1 .005 .259 .101 .660

Bulbar_spinal .367 .354 1.071 1 .301 1.443 .721 2.889

Step 2 age_sympton .053 .018 8.966 1 .003 1.055 1.019 1.092

Executive_Dysf .849 .470 3.268 1 .071 2.337 .931 5.866

Delay_to_diag -.108 .027 15.945 1 .000 .897 .851 .946

C 02Jevel .318 .303 1.104 1 .293 1.375 .759 2.490

T1_ALSFRSR -.063 .029 4.526 1 .033 .939 .886 .995

Behav_Categ -1.372 .475 8.351 1 .004 .254 .100 .643

Step 3 age_sympton .053 .017 9.335 1 .002 1.054 1.019 1.091

Executive_Dysf 1.035 .435 5.658 1 .017 2.816 1.200 6.607

Delay_to_diag -.103 .026 15.588 1 .000 .902 .857 .949

T1_ALSFRSR -.079 .026 9.298 1 .002 .924 .879 .972

Behav_Categ -1.365 .475 8.247 1 .004 .255 .101 .648
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Conversely, in the fennale patients cohort, behavioural impaired was  

associated with a shorter mean and median survival time (see  table 8.9 

and figure 8.3).  The negative effect influence of behavioural impairment 

on survival t ime was statistically significant on univariate analysis 

( p= 0 . 002 )  and on multivariate analysis which included the same baseline 

characteristics listed above (HR 3.08, 95% Cl 1 .29-7 .34 ,  p =0 . 0 1 1 ) .

Table 8.9 Kaplan-Meier estimated mean and median survival time (from symptom onset) in 

the C9orf72 negative female cohort of non-demented ALS patients (n=45) segregated by the 

presence (ALS-bi) or absence (ALS) o f behavioural impairment as per FrSBe scale.

Mean

Std.

Error

95% Cl

Median

Std.

Error

95% Cl

Lower

Bound

Upper

Bound

Lower

Bound

Upper

Bound

ALSbi 27.42 2.39 22.73 32.11 29.00 3.46 22.21 35.79

ALS 46.11 3.87 38.52 53.71 38.00 2.67 32.76 43.24

Figure 8.3 Kaplan-Meier plot of survival probabilities for 45 non-demented female ALS 

patients stratified by presence of behavioural impairment as per FrSBe. Log rank test p= 

0 . 002 .
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Table 8.10 The resuhs o f cox proportional hazard multivariate model investigating the effect o f 

behavioural impairment in female non-demented ALS patients after adjusting for the effects o f 

age at symptom onset, site o f onset, ALSFRS-R score at baseline, C 0 2  levels, delay to diagnosis, 

and presence or absence o f executive dysfunction

Variables in the Equation

B SE Wald df Sig. Exp(B)

95.0% Cl for 

Exp(B)

Lower Upper

Step age_sympton .004 .022 .027 1 .869 1.004 .961 1.049

1 Executive_Dysf 1.091 .420 6.744 1 .009 2.978 1.307 6.784

Delay_to_diag -.096 .031 9.647 1 .002 .909 .856 .965

C02_level .181 .326 .307 1 .580 1.198 .632 2.272

T1_ALSFRSR .000 .031 .000 1 .992 1.000 .942 1.061

Behav_Categ 1.033 .460 5.045 1 .025 2.810 1,141 6.922

Bulbar_spinal -.636 .434 2.151 1 .142 .529 ,226 1.239

Step age_sympton .004 .022 .027 1 .869 1.004 ,961 1.049

2 Executive_Dysf 1.092 .417 6.839 1 .009 2.979 1,315 6.752

Delay_to_diag -.096 .031 9.684 1 .002 .909 .856 .965

C02_level .182 .310 .345 1 .557 1.200 .654 2.200

Behav_Categ 1.034 .459 5.077 1 .024 2.811 1.144 6.907

Bulbar_spinal -.638 .422 2.285 1 .131 .529 .231 1.208

Step Executive_Dysf 1.097 .416 6.940 1 .008 2.994 1.324 6.770

3 Delay_to_diag -.096 .031 9.871 1 ,002 .908 .855 .964

C 02Jevel .195 .300 .425 1 .515 1,216 .676 2.188

Behav_Categ 1.049 .450 5.444 1 .020 2.855 1.183 6.889

Bulbar_spinal -.629 .419 2.248 1 .134 .533 .235 1.213

Step Executive_Dysf 1.115 .420 7.050 1 .008 3.050 1.339 6.945

4 Delay_to_diag -.096 .030 10.156 1 .001 .909 .856 .964

Behav_Categ 1.108 .444 6.214 1 .013 3.027 1.267 7.232

Bulbar_spinal -.545 .405 1.813 1 .178 .580 .262 1.282

Step Executive_Dysf .929 .395 5.542 1 .019 2.532 1.168 5.487

5 Delay_to_diag -.086 .028 9.869 1 .002 .917 .869 .968

Behav_Categ 1.125 .443 6.462 1 ,011 3.081 1.294 7.338
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The baseline demographics of behaviourally impaired male patients were 

compared to those of their and female counterparts to ensure that the 

observed effects were not secondary to differences in background 

characteristics rather than gender.

Behaviourally impaired female patients tended to have higher rates of bulbar- 

onset disease (50 .0%  versus 26.7% , p=0.257),  and had significantly higher 

median rates of bulbar functional decline estimated retrospectively (-0 .24 , 

IQR 0.37 versus 0.03, IQR -0 .11 ,, p=0.004)  or prospectively (-0 .33 , IQR 

0.60 versus 0.00, IQR 0.00, p=0.040) ,  and higher rates of prospectively 

estimated respiratory decline (-0 .57 , IQR 0.76 versus 0.00, IQR -0.13,

p=0.010).

Of note when the male and female demographics were compared in the 

behaviourally intact cohort, the tendency towards bulbar-onset was also 

observed (45 .5%  versus 29.5% , p=0.231) ,  but there were no significant 

differences with regard to rates of motor progression.

The pattern of behavioural impairment was also investigated in male and 

female cohorts. Behaviourally impairment in the female cohort was 

associated with significantly higher median scores on all FrSBe subscales -  

apathy, disinhibition, dsyexecutive behaviour, total behaviour- {p<0.009  in 

all cases) in all cases. In male cohort, behavioural impaired patients had 

significantly higher apathy, dysexecutive scores and total behavioural change 

{p<0.0001  in both cases) but not disinhibition scores (p=0.135) .
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There was a borderline significant difference in increase in disinhibition scores 

since onset of illness in fennale versus male behaviourally impaired patients, 

with higher increases in the females {p=0.047).  The median increase in 

disinhibition scores post onset of illness was also significantly higher in 

females versus male patients with no evidence of behavioural impairment 

(median increase of 4 points, IQR 7.00 versus 0.00, IQR 2.25, p=0.004).

To address the possibility that the observed gender specific patterns were 

secondary to the link between high disinhibition scores and poor bulbar 

function, the multivariate cox proportional models were repeated after 

substituting Total ALSFRS-R scores with bulbar sub-scores. The observed 

pattern was unchanged with a behaviour exerting a negative effect in female 

cohort (HR 3.08, 95%  1.29-7.34, p=0.011)  and a positive effect in males 

(HR=0.30, 95% 0.12 -0.76, p=0.011).

In females behavioural impairment was associated with higher rates 

retrospectively estimated rates overall motor decline and respiratory decline, 

but the difference was of borderline {p=0.047  in both cases). No differences 

were observed in the male cohort.

Finally, with the assumption that behavioural- variant ALS-FTD (Bv-FTLD) is 

an extreme form of behavioural impairment in ALS (the end of the presumed 

continuum), a gender effect on survival was investigated in Bv-FTLD cohort. 

In total, there were 17 recruited Bv-FTLD patients who were negative for the 

C9orf72 repeat expansion, of which 10 were males and 7 were female.
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Female Bv-FTLD patients had shorter mean and median survival times  

compared to males (see  table 8.11 and figure 8.4). The difference was  

borderline significance on univariate analysis {p=0.046) .  Numbers were too 

small for multivariate analysis.

Table 8.11 Kaplan-Meier estimated mean and median survival times in ALS patients with 

behavioural variant frontotemporal degeneration in whom no evidence of C9orf72 gene was 

detected (n=l 7) segregated by gender.

BV-FTLD

Patients mean

Std.

Error

95% Confidence Interval

Median

Std.

Error

95% Confidence Interval

Lower

Bound

Upper

Bound

Lower

Bound

Upper

Bound

Males 57.35 10.83 36.13 78.57 43.00 8.53 26.29 59.71

Female 25.86 5.18 15.70 36.026 19.00 2.62 13.86 24.13

Figure 8.4 Kaplan-Meier plot of survival probabilities for 17 ALS patients with behavioural 

variant frontotemporal degeneration in whom no evidence of C9orf72 gene mutation was detected 

segregated by gender. Log rank test for equality o f survival functions p= 0.046.

Survival Functions

1 .0 -

5  0  6 -

>
3

(/)
E

O  ° ‘‘-

0 .2 -

0 .0-

20.00 40.00 60.00 80.00 100.0000

Key: Black
line:
females;
dotted line:
males. +:
censored
cases.

survival onset

Secondly

non

demented

patients

252



Cu
m 

Su
rv

iv
al

with behavioural impairment were excluded and survival t ime in ALS patients 

with Bv-FTLD was compared to behaviourally intact patients.

In the  male cohort, ALS patient with Bv-FTLD (n=9) had a median survival 

t ime of 52 months (95% Cl 21.33-82.77,  S.E 15.64) compared to 36 months 

in behaviourally intact patients (95% Cl 32.50 -39.48, n=44,  S.E 1.78), but 

the  difference did not reach statistical significance {p=0.325,  see  figure 8.5).

Figure 8.5 Kaplan-Meier plot o f survival probabilities for 53 Male C9orf72 negative ALS 

patients comparing survival in patients with behavioural variant FTLD to that in. behaviourally 

intact patient. Log rank test for equality of survival functions p= 0.325.

Key. Black line: male 
Bv-FTLD patients; 
dotted line;
Behaviourally intact male 
patients; +: censored 
cases.
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In the  female cohort, ALS patients with co-morbid Bv-FTLD (n = 7) had 

median survival of 19 months (95% 13.86 -24.13, S.E 2.62) compared to
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behaviourally in tact female patients (37 m onths, 32.00 -  42.00, S.E 2.56, 

n = 30, p= 0 .003 . see figure 8.6).

Figure 8.6 Kaplan-Meier plot of survival probabilities for 44 female C9orf72 negative ALS 

patients comparing survival in patients with behavioural variant FTLD to that in behaviourally 

intact patients. Log rank test for equality of survival functions p=  0.003.
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Key. Black line: male Bv-FTLD patients; dotted line: Behaviourally intact 

male patients; -i-: censored cases

Sample sizes did not perm it m ultiva ria te  analysis. S im ilarly, were sample size 

was too small in C9orf72 positive cohort fo r investigation o f gender specific 

patterns fo r survival effect o f behavioural change.
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8.1.5 Discussion

8.1.5.1 Population-based Incidence o f  Behavioural Change

A s p e c t r u m  of behav ioura l  abno rm a l i t i e s  h a s  b e e n  re p o r te d  in ALS pa t ien t s  

ranging  f rom s ub t le  f indings to  m a rk e d  c h a n g e s  fulfilling t h e  criteria for  Bv- 

FTLD. Although t h e r e  is e v id en ce  suppo r t ing  h ighe r  c a r e r  b u rd e n  in p a t ien t s  

with behav ioura l  c h a n g e s  (Merri lees e t  al.,  2 0 1 0 ;  Chio e t  al .,  2 0 1 0 ) ,  t h e  risk 

fac to rs  and  clinical co r re la te s  of behav ioura l  c h a n g e s ,  if any ,  rem ain  

unclear .  In addi t ion ,  t h e r e  is no ev idence  conf irming or  refu t ing  specu la t ions  

t h a t  behav ioura l  c h a n g e  in ALS reflect  a form subclinical  f ro n to tem p o ra l  

d e m e n t i a  and  r e p r e s e n t  h a rb in g e r  to  f rank  Bv-FTLD.

Conduct ing  s tu d ie s  of b e h a v io u r  in ALS p a t ien ts  is a chal lenging  unde r ta k in g  

a s  t h e s e  s tu d ie s  m u s t  rely on behav ioura l  r e p o r t s  o b ta in ed  from t h e  ca re rs .  A 

c a r e r - c o m p le te d  behav ioura l  sca le  w as  o b ta in ed  in 6 5 %  of s tu d y  par t i c ipants .  

The  main  ca re r  in t h e  rem ain ing  c a s e s  w as  e i th e r  no t  avai lable or  no t  willing 

to  c o m p le te  t h e  form. The  fac t  t h a t  t h e  coho r t  in w h o m  t h e  FrsBe d a t a  w as  

avai lable did no t  display signif icant  d i f fe rences  in b a c k g ro u n d  var iab les  

c o m p a r e d  to  p a t i e n t s  in w h o m  t h e  fo rm w a s  n o t  c o m p le te d  s u g g e s t s  t h a t  t h e  

s a m p l e  is a r e p r e s e n t a t i v e  s am p le .

The  s e c o n d  cha l lenge  w h e n  eva lua t ing  b e h a v io u r  in ALS p a t i e n t s  is t h e  

a b s e n c e  of  a universa l ly a c c e p te d  behav ioura l  sca le  t h a t  w as  specifically 

d e s ig n e d  for  ALS pa t ien ts .  The  sca le  u sed  in th is  s tudy ,  t h e  FrSBe,  w as  

originally d e s ig n e d  for  pa t i e n t s  with h e a d  t r a u m a ,  and  t h e  sca le  fails to  t a k e
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into account the confounding effect of physical disability. However, the FrSbe 

is a well validated scale in patients with frontal change and has been 

recommended by the recent consensus document on ALS research (Strong et 

al., 2009).

There is also a lack of a universally agreed definition of behavioural 

im pairm ent in ALS. Published studies of behavioural function in non

dem ented ALS patients have variable definitions and reported consequently 

reported wide range of estimates of the proportion of non-demented ALS 

patients with behavioural im pairm ent (1 7 % -8 8 % ). (Gibbons et al., 2008; 

Grossman et al., 2007; W itgert et al., 2010; Lillo et al., 2011; Murphy et al., 

2007b; Woolley et al., 2010b; Chio et al., 2010; Meier et al., 2010 ). The 

findings of this study suggest that population-based frequency of behavioural 

im pairm ent in ALS patients without dem entia, using very strict criteria, is 

2 6 .7 % .

The most common behavioural change was apathy, documented in 36 .8%  of 

patients. This is consistent with the vast m ajority of the published reports of 

behaviour in ALS (W itgert et al., 2010; Lillo et al., 2011; Grossman et al., 

2007; Chio et al., 2010). A more recent study suggested that reduced 

motivation may be present in up to 80%  of patients (Lillo et al., 2011; 

Tsujimoto et al., 2011). Imaging studies have linked apathy in ALS patients 

to changes in the right anterior cingulate, right dorsolateral prefrontal cortex, 

as well as the orbitofrontal cortex frontal pole bilaterally (Woolley, et al, 

2011; Tsujimoto et al., 2011).
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I t ' s  wor th  noting t h a t  t h e  c lu s te r  of b e h a v io u r s  identif ied by G ibbons  e t  al 

( 2 0 0 8 )  a s  th e n  m o s t  f r e q u e n t  behav ioura l  c h a n g e  in ALS p a t i e n t s  (us ing a 

specifical ly de s igned  in fo rm an t - re l i an t  in terview)  included se l f -ce n t red  

b e h a v io u r  a n d  reduce d  e m p a t h y  for  o th e rs .  C h a n g e  ea t ing  hab i t s  and  

s t e re o ty p ic  repet i t ive b e h a v io u r  h a v e  also b e e n  re p o r te d  in ALS p a t ien ts  

(G ibbons  e t  al.,  20 0 8 ;  Lillo e t  al.,  2 0 1 1 ) .  T h e s e  behav ioura l  c h a n g e s  a r e  not  

e x a m in e d  by th e  FrSBe behav ioura l  scale.

N o n - d e m e n t e d  ALS pa t i e n t s  who w e re  pos i t ive for  t h e  C9or f72  r e p e a t  

ex p a n s io n  t e n d e d  to  h a v e  h igher  r a t e s  of behav ioura l  im p a i r m e n t  c o m p a r e d  

to  p a t ien t s  w ithout  t h e  e x p an s io n  a n d  had  signif icantly h ighe r  r a t e s  of  

a p a t h y .

8.1.5.2 Clinical and C ognitive Correlates o f  Behavioural Change

Exam ina t ion  of  t h e  l i te ra tu re  revea ls  very  conflicting d a t a  r ega rd ing  th e  

clinical co r re la te s  of behav ioura l  im p a i r m e n t  in ALS p a t ien ts ,  part icula rly  th e  

link, or  lack the reo f ,  with po o r  ALSFRS-R s c o re s  and  re sp i ra to ry  insufficiency 

(T e ra d a  e t  al.,  2011 ;  G ro s s m a n  e t  al.,  2 0 0 7 ;  G ibbons  e t  al. ,  2 0 0 8 ;  Lillo e t  al.,  

2 0 1 1 ;  Witgert  e t  al.,  2 0 1 0 ;  S t ru t t  e t  al.,  2 0 1 2 ) .  In th is  s tudy ,  no specific 

d e m o g ra p h ic  profile w a s  a s s o c ia t e d  with behav ioura l  im p a i rm e n t .  However ,  

t h e  inc re ase  in a p a t h y ,  disinhibition a n d  d y s e x e c u t iv e  behav ioura l  s c o re s  

c o m p a r e d  to  p rem orb id  levels co r re la ted  with s e v e r e  disability,  a n d  in c a s e  of 

a p a t h y  a n d  disihibition with high ca rb o n  dioxide level a n d  low oxygen  levels. 

T h e s e  findings t o g e t h e r  s u g g e s t  t h a t  acc rued  physical  disability,  fa t igue  and  

re sp i ra to ry  p rob lem s  a re  likely to  explain  a t  le as t  s o m e  t h e  o b s e rv e d  

behav ioura l  c h a n g e  in ALS pa t ien ts .
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Bulbar pa tients  had higher disinhibition scores.  This may be explained by 

pseudo-bu lbar  behaviour  including emotional lability as  the  disinhibition scale 

on the  FrSBe includes th e  i tems enquiring on w h e th e r  "laughs  or cries more  

easily". It may also be linked to co-exis ten t respira tory involvement  in 

bulbar-onse t  pa tients ,  particularly as  bulbar d isease  was identified as  

predictor of rapid respira to ry  decline in the  previous chapter.

Cognitive im pairment  was  more  common in behaviourally impaired patients ,  

though the  t rend  did not reach statistical significance. Scores  on executive 

ta sks  corre la ted only with the  com ponen t  of the  FrsBe es timat ing 

dysexecut ive behaviour.  This " incomplete  overlap" be tween  behavioural  and 

cognitive change  has  been  previously descr ibed (Witgert  e t  al., 2010) ,  but its 

biological implications a re  not unders tood.

8.1.5.3 Prognostic Implications o f  Behavioural Change & Gender 

Specific Patterns

Behavioural im pairment  was  not observed  to have  an overall effect  of motor 

progression or survival. This is was  unexpec ted  in th e  con tex t  of the  

observed association be tw een  behavioural  changes  and  seve re  d isease  

causing physical disability and  respiratory problems. Segrega tion  by C9orf72 

s ta tu s  did not influence th e  above results.

In C9orf72 negative  pa tien ts  a gender-specific pa ttern  with regard  to the  

clinical corre la tes  of behavioural  impairment:  In females ,  behavioural  

impairment was  associa ted  with older age  and  worse  outcome.  In the  male
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cohort, behavioural impairm ent was associated with better prognosis. These 

gender-specific effects on survival remained significant in m ultivariate  

regression models that included baseline variables such as age, bulbar onset 

and baseline disease severity as well as the presence of executive 

dysfunction. When C9orf72 negative Bv-FTLD patients were also segregated 

by gender, a similar effect was observed, with male patients having better 

prognosis compared to females.

Gender specific changes have been described before in ALS. Differences in 

incidence and prognosis have been reported (Chio,et al., 2009; Blasco et al., 

2012; Logroscino et al 2005). Previous studies suggested that bulbar-onset 

disease is more common in females and limb onset disease, particularly flail 

limb variants, is more common in males (Forbes 2004; Scottsh MND register 

1989; Couratier et al, 2000; Wijesekera et al, 2009). Recently, an X-linked 

form of ALS was described in a five generation family and linked to mutation 

the UBQLN2 gene. A recent study reported that smoking is associated with 

worse outcome in women with ALS but not men (Alonso, et al., 2010). 

Indeed, a recent review suggested a hormonal factors may pay an important 

part in disease pathogenesis in ALS (Blasco et al 2012).

Recently, gender has also been shown to affect outcome in S O D l transgenic 

mouse models mutation as well as some strains of the Alsin 2 knockout 

mouse models (Alves, et al., 2011; Hadano et al 2010). This raises the  

possibility that the gender-specific pattern observed in this study be related 

to a disease modifying gene mutation (or combination of mutations) that 

increases the risk of behavioural im pairm ent in ALS and has different effects 

of disease outcome in men or women.
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In summary, behavioural impairment was observed in approxim ately one 

quarter of ALS patients without dem entia, with apathy being the most 

frequently reported abnormality. Behavioural change correlated with disease 

severity and blood gas levels. A gender specific pattern was observed with 

regard to the prognostic implications of behavioural impairm ent. Further 

detailed research, using a specifically designed behavioural scale is needed to 

further elucidate these observations and shed light on the anatomical and/or 

genetic underpinnings of these observations.
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8.2 Exploratory Study (1) Social Cognition

8.2.1 Introduction:

This sect ion de ta i ls  t h e  resu l t s  of  t h e  exp lo ra to ry  s tu d y  of social cognit ion  in 

ALS pa t ien ts  with t h e  following a ims:

Aim (1)  to  inves t iga te  if social cognit ive funct ion in ALS p a t i e n t  is im pai red  

c o m p a r e d  to hea l thy  con trol s ;

Aim (2) to  inve s t iga te  if social cognit ive  deficits  in ALS p a t i e n t s  a r e  linked to  

behav ioura l  funct ion r a t h e r  t h a n  cognit ive function

Reading  th e  Eyes in t h e  Mind (RME) w as  t h e  t a s k  u sed  to  inves t iga te  social 

cogni t ive skills. The  t a s k  is desc r ibed  in detai l in sec t ion  5 .6 .1 .  In brief  t h e  

s u b j e c t s  a re  a s k e d  to  se lec t  o u t  of  four op t ions  t h e  m o s t  a p p ro p r ia te  

descr ip t ion  for  t h e  m ood  of 36 individuals  using black a n d  white  p h o to g r a p h s  

of th e i r  ey e  region.

The  RME ta s k  w as  u n d e r t a k e n  in a n e s t e d  co h o r t  of  54  ALS p a t i e n t s  and  51 

h e a l th y  controls .  As show n  in ta b le  8 .2 .1 ,  p a t ien t s  who u n d e r to o k  t h e  RME 

had  h ighe r  educa t iona l  a t t a i n m e n t  c o m p a r e d  to  t h e  pa t i e n t  w ho  did not  

u n d e r t a k e  th e  t a s k ,  bu t  t h e r e  w e re  no signif icant  d i f fe rences  with rega rd  to  

t h e  clinical cha rac te r i s t ic s  of t h e  two g roups .
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Table 8.2.1 A com parison o f baseline demographics o f the ALS patients in whom the RM E task 

was undertaken (RM E+) and patients in whom the task was not undertaken (RME-).

Baseline Demographics RME+ (n=54) RME—(n=153)

Mean age at T1 (SD) 60.24(11.61) 6182 (9.80) 0.331

Males ®/o 66.7% 56.9% 0.271

Mean education (SD) 12.93 (3.07) 11.82 (3.29) 0.033

Site of onset: Spinal-onset 64.8% 62.7%

Bulbar-onset 35.2% 35.3 0.259

Respiratory-Onset 0.0% 4.0%

Median ALSFRS-R score (IQR) 38.00(11.00) 37.00 (12.00) 0.162

Median bulbar sub-score (IQR) 10.00 (5.00) 10(4.00) 0.700

Use of Non-Invasive ventilation 16.7% 9.8% 0.268

Enteral feeding tube in situ 18.5% 14.4% 0.614

Riluzoie use % 81,4% 33.7% 0.901

FH of ALS 14.8% 11.8% 0.732

FH ofFTLD 1.9% 5.9% 0.460

FH of Dementia of Alzheimer Type 7.4% 15.0% 0.928

FH of Parkinson’s disease 13.0% 7.8% 0.278
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Baseline cognitive function of the 54 patients who undertook the RME task 

was as follows: 4 patients (7.4% ) had co-morbid FTLD, 12 patients (22.2% ) 

had executive dysfunction, 4 patients (7.4% ) had evidence of non-executive 

cognitive impairnnent, and 34 patients (63.0% ) had no cognitive abnormality. 

The frequency of the different cognitive syndromes was not significantly 

different from that of the ALS cohort who did not undertake the task 

{p=0.091). The frequency of behavioural impairment in non-demented 

patients was also not significantly different in the two patient groups (25.6% 

versus 25.9%, p=1.000).

8.2.2 RME Performance in the Cohort a Whole

8.2.2.1 The Performance of ALS Patients on the RME

Performance on the RME task as compared in patients w ithout dementia 

(n = 50) was compared to tha t age, sex and education matched HC (n=42, 

see table 8.2.2).

Table 8.2.2 The baseline demographics of ALS patients and controls who undertook the RME  

task.

ALS Patients Healthy Controls P Value

n 50 42

Mean Age (SD) 61.71 ( 12.08) 63.80 (9 .34) 0.362

Males % 68 .0%% 50 .0% 0.103

Education(years) 12.98 (3 .17) 12.40 (2 .94) 0.372

Right handed % 94 .0% 95 .2% LOOO
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The mean score of ALS patients on the RME task was compared to tha t  of HC. 

The frequency of abnormal performance, defined as a score tha t  is two 

s tandard deviations below the HC mean,  was also compared in the two 

groups.

Compared to HC, ALS patients had significantly lower mean score on the RME 

task and were more likely to have abnormal performance (see table 8.2.3).

Table 8.2.3 Mean scores (and standard deviation, SD) o f ALS patients and controls on the RME 

task.

RME Mean Scores Abnormal performance

ALS HC p value ALS HC p value

N=50 N=42 N=50 N=42

20.20 (7.09) 24.71 (5.59) 0.001 1/50(22.0% ) 1/42(2.4% ) 0.009

8 .2 2 .2  Characteristics o f Patients w ith  Poor RM E Scores

The baseline demographics of ALS with normal RME scores were compared to 

those  of patients who scored two standard deviations below the HC mean. 

Patients with abnormal scores were more likely to have lower education 

{p=0.007) ,  executive dysfunction {p=0.013) ,  bulbar onset  disease 

(p=0.041) ,  and lower median ALSFRS-R bulbar subscores {p=0.021,  see 

table 8.2.4).
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Table 8.2.3 Baseline demographics of ALS with normal RME scores was compared to that of 

patients who scored two standard deviations below the healthy control mean. Key: NECI: Non

executive Cognitive Impairment.

Patients w ith  

Abnormal 

RME scores  

N = ll

Patients w ith  

norm al RME 

scores  

N=39

P value

Mean Age (SD) 64.63 (6.69) 60.88 (13.16) 0.369

Male % 63.6% 69.2% 1.000

Bulbar Onset 63.6% 28.2% 0.041**

Education in years (SD) 11.09 (2.11) 13.51 (3.23) 0.007**

Median ALSFRS-R (IQR) 34.00 (8.00) 38.0 (9.0) 0.103

Median Bulbar subscore (IQR) 8.00 (5.00) 11.00 (5.00) 0.021**

FH of ALS 27.3% 12.8% 0.351

FH of FTLD 9.1% 0.0% 0.220

Cognitive status

Executive dysfunction 54.5%% 15.4%%

NECI 9.1% 7.7% 0.014

Intact Cognition 36.4% 76.9%

The FrsBe behavioural scale was com pleted in 39 patien ts . Behavioural 

Im p a irm en t as per FrsBe w as not m ore f req u en t  in pa tien ts  with abnorm al 

RME scores  (2 /7 , 28 .6% ) com pared  to  pa tien ts  with normal RME scores 

(8 /3 2 , 25% , p=1 . 0 0 0 ) .
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Multiple linear regression analysis was used to investigate contributions of 

the following variables to RME scores in non-demented ALS patients: age, 

education, bulbar disease onset, and the presence of executive dysfunction. 

The results, shown in table 8 .2 .6 , revealed that both bulbar onset disease 

and executive dysfunction made significant contributions to the model.

Table 8.2.4 Results of multiple linear regression investigating the contribution of baseline 

characteristics including cognitive status to RME scores

Model R R Square

Adjusted R 

Square

Std. Error of the 

Estimate

1 .631" .398 .349 5.73058

a. Predictors: (Constant),age, Site: Bulbar vs Spinal, Years of 

education, executive_dysfunction

Model Sum of Squares df Mean Square F Siq.

1 Regression 1065.698 4 266.425 8.113 .000"

Residual 1609.135 49 32.839

Total 2674.833 53

a. Predictors: (Constant), age. Site: Bulbar vs Spinal, Years of education, Executive_dysf

b. Dependent Variable: rme

Unstandardized

Coefficients

Standardized

Coefficients

95.0% Confidence 

Interval for B

Model B Std. Error Beta t Sig.

Lower

Bound

Upper

Bound

1 (Constant) 9.715 6.758 1.437 .157 -3.867 23.296

Executive_dysfunction -7.101 1.884 -.461

3.769

.000 -10.888 -3.315

Site: Bulbar vs Spinal 4.916 1.684 .334 2.920 .005 1.532 8.299

Years of education .296 .275 .128 1.077 .287 -.256 .849

Age .003 .072 .005 .040 .968 -.143 .148

a. Dependent Variable: rme
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8.2.3 RME Performance in Patients with no Known Gene 

Mutations

Of the 54 ALS patients who undertook the  RME task, known genetic 

mutations were identified in 7 cases: C9orf72 repeat expansion in 5 patients 

(10%),  FUS gene mutation In 1 patient, and TARDBP gene mutation in 1 

patient. No known gene mutation was identified in the remaining 47 patients 

(ALS-Sporadic Patients).

8.2.3.1 RM E Performance in Non-Demented A L S Patients versus  

Controls

In the ALS-Sporadic cohort, non-demented patients also had significantly 

lower mean scores on the RME tasks compared to HC (20.97, SD 7.00 versus 

24.71, SD 5.60, p = 0.008).

8.2.3.2 Clinical Characteristics associated with Poor RME  

Performance

The characteristics associated with abnormal RME performance in ALS 

patients with no known gene mutation were similar those described in the 

cohort as a whole, including lower educational a ttainment (11.18, SD 2.04 

versus  13.12, SD 2.18, p=0.010)  and lower ALSFRS-R bulbar sub-scores 

(p=0.030) .  Bulbar-onset disease was observed more frequently in patients 

with abnormal RME scores,  but the trend did not reach statistical significance 

(4/8 or 50.0% versus 9/35 or25.0%, p=0.217) .  There was no difference in 

other  clinical variables including the frequency of a positive family history for 

ALS (12.5% versus 11.0 %, p>0.05) .
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When the ALS-Sporadic cohort was segregated by site of disease onset, 

bulbar onset patients continued to have lower RME scores connpared to HC 

(mean score 16.85, SD 7.32 versus 24.70, SD 5.59, p<0.0001) .  However, 

the mean score of patients with spinal onset disease on the RME task (22.77, 

SD 6.07,) was not significantly different to that of controls {p=0.164).

8.2.3.3 RME scores and Cognitive Function

The increased frequency of executive dysfunction in patients with abnormal 

RME scores was more apparent in non-demented ALS-Sporadic sub-cohort 

(6 /8  or 75.0%  versus 5/35, 14.3% , p=0.002).

Patients' scores on the RME correlated significantly with their scores on the 

multiple cognitive tasks:

• WTAR predicted FSIQ (Premorbid IQ) Spearman's Rho 

(Sp. Rho) 0.328, p=0.002;

• Boston Naming Tests (language) Sp. Rho 0.505,

p <0.0001;

• Ravens' Coloured Progressive matrices (non-verbal IQ) 

Sp. Rho 0.579, p<0.0001

• All executive tasks including BKDS (Sp. Rho 0.379) Stroop 

CWI Task (Sp. Rho -0 .444), BSAT (Sp. Rho 0.444), Cat-VF 

(Sp. R 0.449), phonemic VFI (-0 .473, p<0.0001  in all cases 

);
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• Im m ediate and delayed verbal recall tasks (Logical Memory 

immediate recall Sp. Rho 0 .343 , p=0.002]  Logical 

Memory delayed recall Sp. Rho 0 .414 , p<0.0001)  Verbal 

Paired Associates Learning imm ediate Recall Sp. Ro 0 .408 , 

p<0.0001]  Verbal Paired Associates Learning delayed recall 

Sp. Rho 0 .420 , p<0.0001).  Correlations with retention 

and recognition tasks were not significant.

• Rey Complex Figure Copy trial (Sp. Rho 0 .411 , p<0.0001).

Of note, there was no correlation between RME scores and with HADS 

estimated anxiety or depression scores.

The difference in RME mean scores between bulbar-onset patients and HC 

remained significant (p=0.024)  after adjusting for executive function using 

scores on the Brixton Spatial Anticipation task (task was selected because it 

was available in all patients).

Multiple linear regression analyses of RME scores in ALS-Sporadic confirmed 

that both bulbar-onset disease and executive dysfunction are significant and 

independent predictors (see table 8 .2 .5 ).
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Table 8.2.5 Results o f  multiple linear regression investigating the contribution o f baseline 

characteristics including cognitive status to RME scores in ALS patients with no evidence of 

genetic mutations.

a n o v a "

Model Sum of Squares df Mean Square F Sig.

1 Regression 1049.574 3 349.858 12.238 .000"

Residual 1229.277 43 28.588

Total 2278.851 46

a. Predictors: (Constant), Years of education, Site: Bulbar vs Spinal, executive_dysf

b. Dependent Variable: rme

Model Summary

Model R R Square

Adjusted R 

Square

Std. Error of the 

Estimate

1 .679" .461 .423 5.34676

a. Predictors: (Constant), Years of education, Site: Bulbar vs Spinal, 

Executive_dysfunction

Coefficients^

Unstandardized

Coefficients

Standardized

Coefficients

95.0% Confidence 

Interval for B

Model B Std. Error Beta t Sig.

Lower

Bound

Upper

Bound

1 (Constant) 13.251 4.424 2.995 .005 4.329 22.174

Executive_dysfunction -8.122 1.756 -.544

4.625

.000 -11.664 -4.580

Site: Bulbar vs Spinal 4.006 1.757 .263 2.280 .028 .463 7.548

Years of education .224 .272 .098 .824 .415 -.324 .771

a. Dependent Variable: rme
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8.2.3.4 R M E  scores and Behaviour

A completed FrSBe Family Form was available in 37 patients. The rate of 

behavioural impairment, as per FrSBe, was in patients with abnormal RME 

scores was double that observed in patients with normal scores, but the 

difference did not reach statistical significance (4 /7  versus 7/30, p=0.163).

RME mean score in behaviourally impaired patients was significantly lower 

than that of behaviourally intact patients (16.91, SD 6.09, versus 22.77, SD 

6.21, p=0.012).  The difference remained significant after adjusting for 

executive function using scores on the Brixton Spatial Anticipation task 

ip=0.041).

RME scores also correlated with Family-Rated Apathy T scores (Sp. Rho - 

0.536, p=0.001) ,  Family-Rated disinhibition T scores (Sp. Rho -0.341, 

p = 0.039),  and Family-Rated dysexecutive T scores (Sp. Rho -0.400, 

p=0.014) .

Multiple linear regression analyses of RME scores in non-demented ALS- 

Sporadic patients in whom FrSBe data was available was carried out (n=43). 

Variables included in the model were site of disease onset, the presence or 

absence of executive dysfunction, and the presence or absence of 

behavioural impairment (as per FrSBe). The model was significant (F=7.27, 

df 3, p = 0.001,  adjusted R square 0 .370). Behavioural impairment made a 

borderline significant contribution {p=0.046,  beta -0 .36, 95%  Cl -8.93 - - 

0.08) to the predictive power of the model, in addition to bulbar-onset of 

disease (p=0.003,  beta 2.43, 95%  Cl 2.43- 10.84). In this model, executive 

dysfunction was not a significant predictor of RME scores.
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28 patients  from RME nested  cohort  under took  a second assessnnent (T2). 18 

of t h e se  patien ts  were confirmed as  having no behavioural  im pa irm ent  (as 

per FrSBe) a t  baseline. In half t h e se  cases  ( n = 9 )  th e  carer  comple ted  a 

second FrSBe Family-Rated scale a t  T2. Two out of the  nine patients  

developed behaviour impairment a t  T2. RME scores  a t  baseline were  in the  

abnormal  range  in the  two patients  who developed behavioural  impairment  at  

T2, while the  remaining 7 patients  had normal RME scores  at  baseline.

82.3.5 Motor Progression and Sunnval

Poor performance  on the  RME scores  had no significant effect  on motor  

progression over  t ime or overall survival t ime.

8.2.4 RME Performance in Patients with Known Gene 

Defects

Of the  five patien ts  who were positive for th e  C9orf72 repea t  expansion, two 

patients  had abnormal scores  on RME task.  Both patien ts  had bulbar onset  

d isease  but no evidence of execut ive  dysfunction or behavioural  impairment.

The patients  with TARDBP gene  mutation (whose  clinical fea tu res  are  

described in detail in section 6.9) also had abnormal pe rformance  on th e  RME 

task.  The patien t had bulbar onse t  d isease  bu t  no evidence of cognitive or 

behavioural  impairment .
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The patient with FUS mutation also had bulbar onset disease. Although this 

patient had executive dysfunction, perform ance on the  RME task was within  

normal.

8.2.5 Discussion

Social cognition is newly recognised discipline th a t is focused on the  

investigating the skills requiring for successful social interaction and the  

underlying biological basis for these skills. As detailed in the review in 

chapter 3, social cognitive abnormalities have been described in a wide range  

of neurodegenerative conditions, ranging from Parkinson's disease to 

spinocerebellar ataxia. Recently, there has been a growing interest in social 

cognitive skills in ALS patients.

In this exploratory study, social cognitive skills were tested using a well 

validated task of affective theory of mind (the  Reading the Mind in the  Eyes 

task or RME) in a nested cohort of 54 ALS patients and 42  controls. The  

nested patient cohort had similar demographic and clinical characteristics to 

recruited cohort as a whole, with the sole exception of educational a tta inm ent  

which was higher in the  nested cohort.

ALS patients with no evidence of dem entia  displayed significantly worse  

performance on the RME compared to HC. Characteristics associated with  

poor performance of the RME in ALS patients included poor education, low 

ALSFRS-R bulbar sub-scores, bulbar-onset of disease and executive  

dysfunction.
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These finding were unchanged on excluding patients with known gene 

mutations. Indeed, the association of poor RME performance and executive 

dysfunction was more apparent in C9orf72 negative patients, with the  

proportion of patients with poor RME scores who have executive dysfunction 

rising from 5 4 .5%  to 75 .0 % . In addition, RME scores displayed significant 

association with scores obtained in multiple neuropsychological tasks, 

particularly executive tasks, and tasks with known contribution of frontal 

functions, such as imm ediate and delayed recall (but not retention or 

recognition) and visuo-construction.

The difference in mean scores between patients and controls seemed to be 

driven by patients with bulbar-onset disease. On excluding these patients, 

there was no significant difference in performance between controls and 

patients with spinal onset disease on the RME task.

In patients with C 9orf72+ cohort, the patients with poor RME scores had 

bulbar-onset disease, but displayed no evidence of executive dysfunction. 

This contrasted with the presence of executive dysfunction nine out eleven 

patients with poor RME scores in the cohort with no known gene mutation. 

This apparent lack of association between executive change and poor RME in 

patients with C9orf72 gene mutation needs to replicate in a larger cohort.

The limited literature on social cognitive abilities in ALS has provided 

inconsistent findings. Papps et al (2005 ) reported suggested that the ability 

to recognize facial expression of emotion was intact in ALS patients. 

Schmoick et al (2 0 0 7 ) described a deficit in recognising negative or 

threatening facial clues. Zim m erm an and colleagues (2 0 0 7 ) reported that
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ALS pa t ien ts  had  difficulties recognising  e m o t io n s  us ing facial e x p re s s io n ,  bu t  

n o t  prosody.  More recently ,  deficits in w e r e  re p o r te d  in recognising  both  

facial and  prosodic e x p re s s io n s  of  ennotion (Girardi e t  al.,  2 0 1 1 ;  Meier  e t  al.,  

2010 ) .

In v es t ig a t io n s  of th e o ry  of  mind (ToM) abilit ies in ALS pa t i e n t s  h a v e  also 

re su l t ed  in conflicting f indings.  G ibbons  e t  al ( 2 0 0 7 )  re p o r te d  no significant  

d i f fe rences  in TOM skills b e t w e e n  p a t i e n t s  and  cont ro ls  and  no 

d isp ro p o r t io n a te  im p a i rm e n t  in te rp re ta t ion  of  ToM ca r to o n  c o m p a r e d  to 

physical  c a r to o n s  t h a t  do no t  require  in tac t  ToM skills for in te rp re ta t ion .  

Converse ly ,  t h r e e  r e c e n t  s tu d ie s  s u g g e s t e d  t h a t  ToM c h a n g e s  in ALS p a t ien ts  

a r e  i n d e p e n d e n t  of  cognit ive im p a i rm e n t  (Meier e t  al.,  2 0 1 0 ;  Cavallo e t  al.,  

2 0 1 1 ;  Girardi e t  al. ,  2011) .

T h e  p a t ien t  coho r t s  recru i ted  in t h e  a b o v e  s tu d ie s  included a highly var iab le  

propor t ion  of p a t i e n t s  with b u lb a r - o n s e t  d i s e a s e .  In severa l  s tu d ie s  cognit ive 

funct ion  w as  e i the r  no t  e v a lu a te d  or  t e s t e d  using c ru d e  t e s t s  such  a s  Mini- 

Mental  S t a t u s  Examinat ion ,  t h a t  a r e  n o t  sens i t ive  to  im p a i rm e n t  in t h e  

exe c u t iv e  dom ain .  If, a s  t h e  f indings of  th is  s tu d y  would s u g g e s t ,  bu lbar-  

o n s e t  of  d i s e a s e  and  execu t ive  im p a i rm e n t  a r e  signif icant  p red ic to rs  of  social 

cogni t ive p e r fo rm a n c e ,  t h e n  this  would a t  l e a s t  part ial ly,  explain  t h e  

conflicting resu lt s  r e p o r te d  in t h e  l i te ra ture .

The  f indings of t h e  exp lo ra to ry  s tu d y  al so  s u g g e s t  a link b e t w e e n  behav ioura l  

im p a i r m e n t  and  RME m e a n  sco re  which m a y  be i n d e p e n d e n t  of  execu t ive  

dysfunction .  Lower RME s co re s  co r re la ted  with h ighe r  i n c re a s e  in a p a th y ,  

disinhibi tion and  dysex ecu t iv e  s co re s ,  with t h e  h ig h e s t  correlat ion
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documented in case of apathy. RME scores in behaviourally impaired patients 

were significantly lower than those of behaviourally intact patients after 

adjusting for executive function using the Brixton Spatial Anticipation task. 

The Brixton is not the most sensitive executive task in the battery, but it has 

the advantage of requiring minimal physical and bulbar effort and was thus 

available in all patients. Whereas using one task is unlikely to adjust for all 

the heterogeneous aspects of executive dysfunction, the observed effect, in 

combination with the results of the regression model do suggest that 

behaviour may be an independent predictor of RME performance. The data 

also suggests that behaviourally intact patients with abnormal RME scores 

may be more likely to develop behavioural impairm ent on continued follow 

up.

Girardi et al. (2 0 1 1 ) reported abnormal performance on the Judgement of 

preference task (JoP) in 43%  of a cognitively intact ALS cohort. This task, 

like the RME, is primarily a task of affective theory of mind task but it is 

known to place minimal demands on cognitive function. The study also 

employed a standard neuropsychological battery. JoP deficits correlated with 

FrSBe estimated increase in apathy from premorbid state to present. Only 

scores on the difficult version of the task, using distractor arrow correlated 

with verbal fluency task, a classical executive task. Notably, in this study no 

significant difference was observed between patients and controls on RME 

task, but sample size was smaller (n = 19). In addition, no stratification by 

C9orf status was carried out.
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The findings of Girardi et al (2 0 1 1 ) ,  along with results of this study, suggest 

th a t there is a link between behaviour, particularly apathetic  behaviour, and 

affective theory mind, two domains linked to the orbitofrontal cortex. 

However, these findings also dem onstrate  the difficulty in disentangling the  

domain specific effects of social cognition, if any exist, and the effects of 

cognitive im pairm ent in the context of a heterogeneous disease like ALS.

In conclusion, the findings of this exploratory study suggest tha t ALS patients  

have deficits in impaired social cognitive skills and tha t these deficits are  

closely linked to bulbar-onset of the disease, the presence executive  

dysfunction, as well as the presence behavioural change, in particular 

apathetic behaviour.
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9.0 Results & Discussion Part IV: Longitudinal

Evolution

Chapter Outline

Q.lln troduct ion

9.2 Patients sample

9.3 Determinan ts  of Patient attrition

9.4 Cognitive Decline

9.4 .1  Cohort  as  a Whole

9 .4 .2  Cohort  Seg rega ted  By Cognitive S ta tus

9.5 Evolution of Cognitive S ta tus  of individual Pat ients with Time

9.6 Behavioural Im pa i rm en t

9.7 Effects of Positive family History

9.8 Effect of Pathogenic  C9orf72 repea t  expansion

9.9 Effect of Bulbar versus  Spinal Onset d isease

9.10 Discussion

278



9.1 Introduction

This chap te r  is focused on the  sixth aim of the  thesis:

Aim (6) To docum ent  if any identified cognitive/behavioural  subgroups  within 

the  ALS cohort  merge  with longitudinal follow up, and if cognitive 

impairment  develops  in all ALS pa tients  on follow up

The objectives of this chap te r  are  (1) to de te rm ine  if cognitive function 

declines with t ime in ALS Patients; (2) to exam ine  if cognitive s ta tu s  at  

baseline is linked to ra te  of cognitive decline over t ime;  and (3) to de termine  

w he ther  the  cognitive ca tegory  of individuals a t  baseline changes  as  the  

d isease  p rogresses ,  and by extension, w h e th e r  cognitive s ta tus  is an 

impor tan t  stratification p a ra m e te r  in longitudinal analyses.

9.2 Patient Sample

The investigation of longitudinal evolution of cognitive function in the  

recruited patient cohort  was  first carried in patients  in whom the re  was  no 

evidence of the  C9orf72 hexanucleotide  r e p e a t  expansion.

The demographics  of the  original cohort  of ALS patient  with no evidence of 

C9orf72 repea t  expansion, and those  of pa tients  from th a t  cohort  who 

unde rw en t  repea ted  testing a re  shown in table  9.1.  Table also includes a 

comparison of pa tient basic demographics  and  th o se  of healthy controls (HC) 

who have underwent  the  s a m e  num ber  of a s s e s s m e n ts .  Figure 9.2 provides 

a su m m a ry  of the  reasons  for pa tient  at trition a t  each  s tage .
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Table 9.1 Basic demographics o f the baseline and longitudinal cohorts of ALS patients (with no evidence of C9orf72 mutation) and controls.

T1 T2 T3 T4

Baseline

demographics

ALS HC P ALS HC P ALS HC P ALS HC P

n 186 120 98 58 46 31 11 10

Mean age (SD) 63.4(10.2) 61.2(9.3) 0.051 61.8(8.5) 64.0(9.4) 0.138 62.1(8.6) 65.7(9.1) 0.079 62.6(10.5) 65.9(11.9) 0.557

Percentage of males 59.7% 49.2% 0.091 59.2% 43.1% 0.075 65.2% 51.6% 0.339 72.7% 60.0% 0.659

Mean Education(SD) 12.2 (3.3) 12.8(3.4) 0.136 12.3(3.3) 13.0(3.0) 0.194 13.2(3.3) 13.4(3.3) 0.880 13.3(2.8) 13.3(3.3) 0.809

Right handedVo 90.3% 90.8% 1.000 91.8% 94.8% 0.703 91.3% 93.5% 1.000 90.9% 90.0% 1.000

Onset: Spinal 

Bulbar 

Respiratory

62.9%

35.5%

1.6% - -

66.3%

33.7%

0.0% - -

69.6%

30.4%

0% - -

80.0%

20.0%

0% - -

Median ALSFRS-R 38.0 - - 40.5 - - 43.5 - - 44.5 - -

FH of ALS 8.1% - - 8.2% ~ - 8.7% - - 20% - -

Use of Riluzole 82.8% - - 81.6% - 89.1% - - 100% - -



Figure 9.2 This figure provides a summary o f the reasons for patient attrition at each stage o f the study.

I Patients with no known gene mutation I 
V n=189 J

T2 visit undertaken (n=98) 
Neuropsychological Data (n=95) 
Clinical Data only (n=3)

/
T2 visit NOT undertaken (n=88) 

Physical disability/death (n=83)
Declined further participation (n=2)
Co-morbid Alzheimer's disease: excluded (n=3) 
T2 not due at time of analysis (n=3)

T3 visit undertaken (n=46) 
Neuropsychological data (n=44) 
Clinical Data only (n=2)

T3 visit NOT undertaken (n=52) 
Physical disability/death (n=46)
T3 not due at time of analysis 
(n=6) T4 visit undertaken ( n = l l )  

Neuropsychological data (n=10) 
Clinical Data only (n = l)

T4 visit NOT undertaken (n=35) 
Physical disability/death (n=32) 
Declined further participation (n = l)  
T4 not due at time of analysis (n=2)



9.3 Determinants of Attrition

Binary logistic regression analyses were used to investigate determinants 

of risk of attrition at each stage of the study {12- T4). All models included 

the following baseline characteristics:

• age,

• gender,

• site of onset,

• ALSFRS-R score, and

• Cognitive status at firs t assessment (co-morbid frontotemporal 

dementia, executive dysfunction, non-executive cognitive 

impairment, or no abnormality).

Logistic regression analysis suggested that the predefined predictors 

reliably distinguished patients who undertook repeated testing from those 

who did not at T2 (n = 183, chi square = 59.41, p <0 .0001, DF = 8, 

Nagelkerke's R2 0.370), and at T3 (n=87, chi square = 24.85, p< 0  .0001, 

DF = 6, Nagelkerke's R2 0.332). These predictors were not reliable at the 

fourth assessment (p>0.05). Overall prediction accuracy was 70.5% for 

the 12 model, and 71.3% for the T3 model.
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Three background characteristics nnade a significant contribution to the 

model predicting patient attrition a tT 2 :

• older age (OR 1.04, 95%  Cl 1 .01-1.08, p=0.029, W ald=4.74),

.  lower ALSFRS-R score (OR 0.88, 95%  0 .83-0 .93, p<0.0001, 

Wald = 21.43), and

• cognitive status at first assessment (p=0.008, Wald 11.92).

Only two variables had a significant effect on predicting risk of attrition at 

T3:

• low ALSFRS-R (OR 0.86, 95%  0 .78-0.95, Wald 8.80, p=0.003)  and

• cognitive status at baseline (Wald 8.70, p=0.013).

Cognitive subgroups who were less likely to complete T2 were ALS-FTD 

patients (OR 6.14, 95%  Cl 1 .86-20.87, p=0.003), and non-demented 

patients with executive dysfunction (OR 2.80, 95%  Cl 1 .23-6.43, 

p=0.015). Patients with evidence of non-executive cognitive impairment 

(NECI) at baseline were significantly less likely to undertake T3 (OR 8.95, 

95%  Cl 1.79-44.57, p = 0.007).
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9.4 Cognitive Decline ALS Patients without Dementia

9.4.1 Patient Cohort as a Whole

Cognitive pe rform ance  ove r  t ime in HC was  com pared  to th a t  in n on 

d em en ted  ALS as  a whole.

Mean z scores  of pa tien ts  and controls on th e  various ta sks  in the  

neuropsychological ba t te ry  a t  on the  first, second and third a s s e s s m e n t  

are  shown in table  9.2.  The z scores  were  calculated using the  HC data  for 

the  appropr ia te  a s s e s s m e n t  as  reference to ensu re  ad ju s tm en t  for 

learning effects.

In te r-group compar isons  revealed tha t  ALS pa tien ts '  performance over 

t ime was  significantly worse  than  th a t  of th e  controls on the  Rey- 

Osterrieth Complex Figure t a sk  { p<0 .0001) .

9.4.2 Cohort Segregated by Cognitive Status at Baseline

The relationship be tween  cognitive s ta tus  a t  baseline and  cognitive decline 

was  also invest igated.  Cognitive performance  over  t ime in HC was 

compared  the  patient cohor t  after segrega tion  into th ree  sub-cohorts  

based  on cognitive pe r form ance  a t  initial a s s e s s m e n t :  (1) patients  with 

executive dysfunction; (2) pat ients  with non-executive  cognitive 

impairment (NECI); and (3) pa tients  in whom no cognitive abnormality 

was  de tec ted  a t  baseline.
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Table 9.2 Table shows mean z scores of non-demented ALS patients and controls who underwent three assessments (T3 data).

ALS Patients Healthy Controls

Frontal Functions

Memory Function

Visuo-construction:

Language-

Phonemic verbal fluency index 

Category fluency 

Backward digit span

Brixton Spatial anticipation task 

Stroop CWI Task

Logical Memory- Immediate Recall

Logical Memory - Delayed Recall

Logical Memory - Retention

VPAL-Immediate Recall

VPAL -Delayed Recall

VPAL - Retention

Auditory delayed recognition

ROCF -immediate Recall

ROCF -delayed Recall

ROCF- copy trial

Boston Naming Test

1 1 T2 T3 n 1 1
-0.69 -1.03 -1.56 29 0.32

-0.83 -066 -0.22 18 -0.01

-0.24 -0.36 -0.57 23 0.32

0.32 0.44 0.34 38 0.15

-0.19 -0.21 -0.18 23 -0.03

0.03 0.03 0.04 29 0.49

-0.48 -0.21 -0.37 29 0.46

-0.63 -0.01 -0.42 29 0.23

-0.41 -0.45 -0.31 17 0.04

-0.36 -0.56 -0.37 17 0.04

-0.34 -0.36 -0.81 17 0.06

0.04 -0 .23 -0.39 17 0.41

0.08 -0.11 -0.39 22 0.00

0.02 -0.25 -0.25 22 0.01

0.36 -0.97 -2.16 24 -0.02

-0.38 -1.10 -0.56 42 0.26

T2 T3 n P value

0.18 -0.06 29 p>0.05

0.03 0.01 15 p>0.05

0.21 0.03 22 p>0.05

-0.27 0.34 31 p>0.05

-0.04 0.09 30 p>0.05

0.24 0.00 31 p>0.05

0.17 0.00 31 p>0.05

0.13 0.00 31 p>0.05

0.00 0.03 29 p>0.05

0.05 0.01 29 p>0.05

0.06 -0.05 29 p>0.05

0.03 0.04 29 p>0.05

-0.03 -0.03 31 p>0.05

-0.02 0.00 31 p>0.05

-0.10 -0.10 31 *p<0.0001

-0.06 0.01 31 p>0.05

Key : VPAL: Verbal Paired Associates Learning task; ROCF: Rey-Osterrieth Complex Figure task. P value is that o f group versus time interaction



Analysis was confined to the datasets generated at the second interval of 

testing. Mean z scores of the three cognitive subgroups are shown in table 

9.3. The z scores were calculated using HC data for the appropriate 

assessment as reference, to ensure adjustment for any learning effects.

The two cognitively impaired patient subgroups (patients with executive 

impairment and patients with NECI) displayed a trend towards worse 

performance on all task (table 9.3). Statistically significant time versus 

group interaction was observed in two tasks: the Boston Naming Test 

(BNT, p<0.0001) and the delayed recall trial of the Verbal Paired 

Associates Learning task (VPAL-II, p=0.015).

Post-hoc pair-wise comparisons were carried out using Bonferroni 

correction for multiple comparisons. In both tasks, this revealed 

significant deterioration in cognitive performance over time in the two 

cognitively impaired patient subgroups compared to HC {p<0.0001 in all 

cases), and compared to ALS patients who were cognitively intact at 

baseline (p<0.018  in all cases, see figure 7.3). There were no significant 

differences in performance over time between cognitively intact patients 

and controls in either case.
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Table 9.3 Mean z scores for non-demented ALS patient coiiort at first and second assessment (T1 and T2 respectively) after segregation into three subgroups 

based on baseline cognitive status. Key. VPAL: Verbal Paired Associates task; LM: Logical Memory; ROCF: Rey-Osterrieth Complex Figure.

Tasks ALS - Cognitively Intact ALS-Non-Executive ALS- Executive Time/Group

At baseline Cognitive Impairment at Dvsfunction Interaction

baseline a t baseline

11
Executive function/attention 

Phonemic verbal fluency index 0.43

Category fluency -0.01

Backward digit span -0.07

Brixton Spatial anticipation task 0.49 

Stroop CWI Task -0.17

Memory function

LM- Immediate Recall -0.02

LM - Delayed Recall -0.33

LM - Retention -0.47

VPAL-immediate recall -0.36

VPAL-delayed recall -0.37

VPA-retention -0.22

T2 n 11 T2 n

0.83 50 -1.10 -1.80 10

-0.15 35 -0.96 -1.29 8

-0.29 40 -0.01 -0.61 10

0.43 57 0.03 -0.23 13

0.03 39 -0.69 -0.69 9

-0.11 45 -1.72 -1.62 11

-0.07 45 -2.45 -2.13 11

-0.07 45 -2.16 -1.27 11

-0.42 36 -1.79 -2.30 10

-0.67 36 -1.75 -2.77 10

-0.29 36 -1.14 -1.83 10

11 T2 n

-7.03 -6.38 15 p>0.05

-1.69 -1.60 6 p>0.05

-0.80 -1.26 8 p>0.05

-1.24 -1.75 15 p>0.05

-2.64 -2.50 5 p>0.05

-0.46 -0.90 7 p>0.05

-1.08 -1.17 7 p>0.05

-1.04 -0.61 7 p>0.05

-1.25 -1.94 5 p>0.05

-1.34 -2.50 5 *p=0.015

-0.45 -1.49 5 p>0.05
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Table 9.3 Continued 

Auditory delayed recognition 

ROCF -immediate Recall 

ROCF -delayed Recall 

Language

Boston Naming Test 

Visuo-construction 

ROCF copy trial

0.09 0.12 35 -1.68

0.13 -0.09 36 -0.87

0.15 -0.16 36 -0.87

0.05 -0.29 56 -2.04

-0.32 -0.85 37 -0.70

-1.48 10 -0.16 -0.13 5 p>0.05

-1.03 8 -1.15 -2.03 10 p>0.05

-0.97 8 -1.33 -1.69 10 p>0.05

-3.61 14 -1.90 -3.74 17 *p<0.000

-3.29 8 -3.01 -5.00 11 p>0.05
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Figure 9,3 This figure illustrates mean z scores (and 95% confidence intervals) for the Boston Naming Task and the delayed recall for the Verbal Paired 

Associates Learning task at first assessment (T l, red lines) and second assessment (T2, blue lines) for healthy controls and the three ALS patient sub

cohorts, segregated based on cognitive status at initial visit.
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9.5 Evolution of Cognitive status of Individual Patients 

with Time

In order  to investigate wlie ther tlie cognitive s ta tu s  of individual pa t ien ts  

changed  over  t ime, the  pa tients  were  re-categor ised  a t  each re p e a t  

a s s e s s m e n t  (T2-T4) by comparing their  pe rform ance  to matched  HC who 

under took the  s a m e  n u m b e r  of repea ted  a s s e s sm e n t s .  This section 

provides a su m m ary  of the  evolution of cognitive s ta tu s  in individual 

patients.

9.5.1 Patients in Whom No Cognitive Abnormality was 

Detected at Baseline

Of the  94 patients  categorised as  cognitively intact a t  baseline,  60,  37, 

and 9 patien ts  underw en t  evalua tions  a t  T2, T3, and T4 respectively. The 

majority of pa tients  in this subgroup  continued to display no cognitive 

abnormalit ies when compared  to matched  HC a t  all s t ag e s  (T2: 49 /6 0 ,  

8 1 .7% ;  T3: 30 /37 ,  8 1 .1 % ,  T4: 7 /9 ,  77 .8% ) .

Non-executive  cognitive abnormalit ies were  the  most common 

abnormalit ies to develop in th e se  patients,  particularly language 

dysfunction which was docum en ted  6 patients  a t  T2 (1 0 .0 % )  and 1 

patient a t  T3 (2 .7% ).
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New onset executive dysfunction was uncommon in this subgroup 

emerging in 2/60 patients at T2 (3.3% ), and 2/37 patients at T3 (5.4% ), 

and in all but one case subtle findings were observed at baseline (single 

abnormal executive task). At T4 new onset executive dysfunction was 

observed in one patient.

9.5.2 Patients with Executive Dysfunction at Baseline

Of the 47 patients who had evidence of executive dysfunction at baseline, 

17 patients were capable of repeating tests at T2, and 5 patients at T3. 

At T2, all five patients who had initially presented with single domain 

executive dysfunction had developed dysfunction in other domains (e.g. 

language or memory). Of note, three patients were unable to undertake 

the tasks in which they had performed poorly on previous assessments

One patient developed new-onset marked behavioural changes at T2 

consistent with behavioural variant frontotemporal dementia (Bv-FTLD). 

No new-onset dementia was observed at later assessment.

9.5.3 Patients with Non-Executive Cognitive 

Impairment (NECI) at Baseline

At the initial visit, 23 patients had evidence of non-executive 

abnormalities (e.g. language dysfunction) in the absence of co-existent 

executive impairment. Of these, 14 patients underwent testing at T2, 3 

patients at T3, and 1 patient at T4.
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At T2, new o nse t  executive impairment was  observed  in 3 patien ts  from 

this subgroup  (21 .4% ) ,  including the  two patien ts  who had evidence  of 

multi-domain involvement at  baseline.

Of the  th ree  patients  who underw en t  test ing a t  T3, two patien ts  had 

displayed evidence of isolated language  dysfunction a t  both T1 and T2 and 

continued to do so at  T3. The third patient had mult i-domain ( language  

and m em ory)  dysfunction a t  baseline,  and  developed executive  

dysfunction a t  T2. This pa tient  continued to display executive  impairment  

a t  T3 and T4

9.6 Behavioural Impairment

75 out of 133 patients  in whom the  FrSBe was  comple ted under took  a 

second neuropsychological a s s e s s m e n t  (T2). Of t h e se ,  50 were  cognitively 

intact a t  baseline.  Behavioural im pairment  a t  baseline was not associa ted 

with deve lopm en t  of executive dysfunction on continued follow-up (0 /10  

in behaviourally impaired patients  ve rsus  2 /40  in th e  behaviourally intact 

subgroup) .  None of the  patients  who were  behaviourally impaired a t  

baseline p rogressed  to Bv-FTLD on follow up.

9.7 Effect of Positive Family History of ALS

With regard to cognitive decline over  t ime and evolution of cognitive 

function in individual pa tients,  no specific p a t te rns  or significant 

differences were  observed  in pa tients  with or without  positive family of 

ALS.
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9.8 Bulbar versus Spinal Onset Patients

Cognitive perfornnance over t ime was also com pared  in bulbar- to spinal- 

onse t  ALS patients.  There  was significant difference be tween  the  two 

groups in cognitive decline a t  T2 or T3.

9.9 Patients Positive for C9orf72 Hexanucleotide Repeat 

Expansion

At t ime of analysis , 9 out of 18 patients  who were  positive for C9orf72 

hexanucleot ide repea t  expansion had undergone  a second a s se s sm e n t ,  

and a third a s s e s s m e n t  had been  carried out in 2 patients.

In this subgroup  the  m os t  striking findings was the  higher ra tes  of new- 

o nse t  FTLD a t  tT2 com pared  to the  rep ea t  negative  main cohort  (2 /9  

ve rsus  1/93).  Both C9orf72+ patients  who developed co-morbid FLTD at 

T2 were  behaviourally impaired a t  baseline (as  per  FrSBe) but did not fulfil 

the  Manchester-Lund Criteria for frank dement ia  till th e  second 

a s se s sm e n t .  One patient had co-exis tent multidomain executive 

dysfunction while the  second pat ient was  cognitively intact a t  both T1 and 

T2.

Numbers  were  too small for fur ther detailed analysis of the  impact of 

milder forms of cognitive impairment on motor  and cognitive decline in 

this subgroup.

293



9.10 Discussion

This is the first population-based and the largest ever longitudinal study of 

cognitive function in ALS. Carefully matched controls were assessed 

longitudinally to adjust for learning effects.

Despite the large size of the original cohort there was considerable 

attrition with tim e. Cognitive im pairm ent, particularly executive 

dysfunction, was associated with higher attrition rates. These observations 

are consistent with the earlier findings of this study (chapter 7), 

suggesting that executive im pairm ent is associated with faster motor 

progression and shorter overall survival.

Previous longitudinal studies have suggested that ALS patients display 

modest, if any, decline in cognitive function over tim e (Kilani et a!., 2004; 

Robinson et al., 2006; Abrahams et al., 2005b; Strong et al., 1999; 

Schreiber et al., 2 0 0 5 ). In this study, ALS patients performed increasingly 

poorly on the copy trial of the Rey-Osterrieth Complex Figure task on 

follow-up testing compared to HC. The sensitivity of this task to cognitive 

decline in ALS patients may be due to the complex constructional nature 

of the instrument, which involves perceptual abilities, and visuo-motor 

integration. In addition, executive function to enable the organisational 

strategies required for accurate reproduction of the figure (Freeman et al., 

2000). I t  is unlikely that the observed effect is purely due to the motor 

aspect of the task as patients were marked on the accuracy of the 

reproduction rather than tim e taken to complete it.
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Moreover, when ALS patients were segregated into sub-cohorts based on 

cognitive status on initial testing, faster rate of cognitive decline was  

docunnented in cognitively impaired groups, specifically on the Boston 

Naming Test and the delayed recall trial of the Verbal Paired Associates 

Learning Task. These findings suggest th a t longitudinal follow up studies 

enrich for cognitively intact patients who not only have slower disease 

progression, but are also likely to have slower rates of cognitive decline. 

Thus it is conceivable tha t the patients with the fastest rate of cognitive 

decline are the same patients who are no longer available for testing. This 

would account for the mainly negative results of most longitudinal studies 

to date.

The data, based on a predominantly incident ALS cohort tested  

longitudinally, suggest significant heterogeneity  within the non-C9orf72  

ALS population. Patients with early executive deficits had more aggressive  

disease, and exhibited spread of cognitive im pairm ent to other, more  

posterior cognitive domains. Emergence of new onset dem entia  was also 

documented in this group (5 .9 %  at 6 months). Conversely, one fifth of 

patients who initially presented with non-executive cognitive deficits, such 

as m em ory or language abnormalities, displayed evidence of later 

em ergence of executive change, suggesting an anterior spread of disease. 

The later developm ent of executive change in this group coincided with a 

later worsening of prognosis, as evidenced by the fact th a t this subgroup  

was a significant predictor of risk of attrition at T3 but not T2.

Patients in whom no cognitive abnorm ality  was detected a t baseline had 

slower rates of m otor decline, better prognosis, and they tended to remain
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cognitively intact. Language dysfunction was the most common cognitive 

abnormality to emerge in this group. This may explain previous reports 

suggesting that language function is more susceptible than other domains 

to deteriorate with tim e in ALS cohorts (Abrahams et al., 2005b), and it 

supports the important role of language involvement in ALS (Bak, 2010; 

Bak and Hodges, 2004; Bak et al., 2001, Bak and Hodges, 200 1 ). The 

emergence of clinically significant executive dysfunction in this subgroup 

was rare. I t  is possible that this group may show cognitive impairm ent 

on even longer follow up, however our data suggest that in the absence of 

subtle changes at baseline executive cognitive im pairm ent develops very 

late, if at all.

The fact that new-onset cognitive impairm ent was documented in a subset 

of ALS patients on longitudinal follow-up suggests that cognitive function 

in ALS patients may decline with tim e, but does not necessarily argue that 

all patients belong to a single cognitive continuum. Similarly, previous 

reports of the cognitive scores of ALS patients (either in isolation or in 

combination with FTLD patients) forming a "continuum" ranging from 

normal to severely abnormal simply represent a snap shot in tim e (Lillo et 

al., 2012; Abe et al., 1997). The longitudinal follow up of these patients 

data suggest heterogeneity in the rate, pattern, and even the order with 

which patients develop cognitive impairm ent. This heterogeneity is closely 

linked to the motor features of the illness. This suggests the presence of 

distinct subtypes.
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The contention that cognitive status in ALS patients nnay represent a 

phenotypic m arker for distinct subtypes within ALS is consistent with 

recent investigations demonstrating the presence of abnormally 

phosphorylated tau in cognitively impaired, but not cognitively intact ALS 

patients (Strong et al., 2006; Yang et al., 2003). In addition, the concept 

of linear spread from heterogeneous focal locations is similar to the 

proposed method of propagation of motor pathology in ALS (Ravits and La 

Spada, 2009; Geser et al., 2011).

Three patients developed severe behavioural changes consistent with 

behavioural variant FTLD on follow up, a proportion equivalent to 2 .9%  of 

patients without dementia who undertook a second assessment. The rate 

of new onset comorbid dementia on follow up was higher in C9orf72 + 

patients (2 /9 )  compared to patients with no evidence of the C9orf72 

repeat expansion (1 /9 3 ). This is would be in line with literature suggesting 

the most common manifestation of C9orf72 mutation is behavioural 

variant FTLD (Simon-Sanchez et al., 2012; Hsiung et al., 2012; Snowden 

et al., 2012; Chio et al., 2012).

In sum m ary, the findings of this chapter, based on a large population- 

based sample, suggest that cognitive status of ALS patients early in their 

disease may be an important and clinically relevant m arker for distinct 

disease subtypes, even after taking into account of their genetic status. 

This observation has significant implications for interpretation of future 

data relating to ALS pathogeneses and therapeutics, and it will be 

necessary to confirm these findings radiologically and pathologically, and 

in other large longitudinal studies.
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10.1 Introduction

This c h a p t e r  is focused  on s e c o n d  exp lo ra to ry  s tu d y  is which in ve s t iga te s  

t h e  following s e c o n d a r y  hypo thes i s :

I t  is possib le to c o n s t ru c t  a p rognos tic  model  t h a t  would reliably predic t  

individual ALS p a t i e n t  p rognos i s  using bas ic d e m o g ra p h ic ,  clinical and  

neuropsycholog ica l  d a t a  t h a t  can be  o b ta in ed  a t  t h e  f irst clinical 

a s s e s s m e n t

The aim of th is  exp lo ra to ry  s tu d y  is to  i n t e r ro g a te  t h e  d a t a  of  a deep ly  

p h e n o t y p e d  p o p u la t io n -b a s e d  sa m p le  of ALS p a t i e n t s  with view to  

identifying a pract ical  p rognos t ic  mode l  t h a t  can  u sed  by ALS clinicians 

and  r e s e a r c h e r s .  T h a t  is rel iant  on bas ic clinical a n d  neuropsychologica l  

d a t a  o b ta in ed  a t  t h e  f irst clinical visit

A d a t a  led a p p ro a c h  w a s  u sed  to  identify na tu ra l ly  occurr ing p rognos t ic  

s u b g r o u p s  us ing c lu s te r  ana lys is  of p rospec t ive ly  e s t i m a t e d  r a t e s  of  m o to r  

p rog res s ion  a n d  overal l  survival  from t im e  of  a s s e s s m e n t .  This w as  

followed by an  invest igat ion  of t h e  base l ine  ch a ra c te r i s t i c s  a n d  predic to rs  

of a n y  identif ied c lus te r s ,  with specific focus  on var iab les  t h a t  a clinician or  

r e s e a r c h e r  can  a sce r t a in  on t h e  first eva lua t ion  of  t h e  pa t ien t .
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10.2 Cluster Identification

First a s s e s s m e n t  (T l )  was  identified as  star t ing point for prognostication 

as it is the  t ime of first evaluat ion.  The objective is to explore w he ther  

da ta  collected a t  T l  could be used to predict  d isease  t ra jec to ry  as  

m easu red  by m oto r  progression and survival t ime.

To explore the  p resence  of naturally occurring prognostic subgroups ,  

hierarchical c lus ter analyses  (Ward's method)  of the  following variables 

was  carried out:  overall survival t ime (in months)  post  first a s s e s s m e n t ,  

and prospectively e s t im ated  ra tes  of decline in bulbar function,  respira tory 

function, and limb function be tween  T l  and  T2. All variables  were 

s tandard ized using z scores.  All pa tien ts  in whom clinical da ta  was 

collected a t  T2 were  included. To ensure  homogenei ty ,  pa tients  with 

positive C9orf72 rep ea t  expansion a n d /o r  family history of ALS were 

excluded.

The cluster analysis (n= 88)  sugges ted  the  p resence  of th ree  prognostic 

subgroups  (dendrogram  shown in figure 10.1).

300



Figure 10.1 Dendrogram produced by hierarchical cluster analysis

The clinical relevance of the identified subgroups was ascertained using 

survival time from firs t evaluation (T l) ,  survival time from symptom onset 

and differences in rates of motor progression.
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The worst survival time, estimated from time of time of first assessment, 

was documented in Cluster 1, while Cluster 3 had the longest survival 

time (See table 10.1, log rank test, p<0.0001, survival plot shown in 

Figure 10.2).

Table 10.1. Kaplan-Meier estimated mean and median survival times post first evaluation 

(T l) in the three identified clusters.

Cluster Mean Std. 95% Cl Media Std. 95% Cl

Erro Lower Upper n Error Lower Upper

r Bound Bound Bound Bound

Cluster 1 17.00 1.91 13.26 20.75 15.00 1.72 11.63 18.37

(n=29)

Cluster 2 21.20 1.29 18.66 23.73 20.00 1.35 17.36 22.64

(n=38)

Cluster 3 53.12 2.75 47.74 58.5 60.00 16.57 27.52 92.48

(n=21)

Overall 30.35 2.28 25.89 34.81 22.00 2.34 17.42 26.58

a. Estimation is limited to the largest survival time if it is censored.

Figure 10.2 KM plots o f survival probabilities for 88 ALS-Sporadic patients segregated by 

prognostic cluster. Log rank test, p<O.OOOL
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The difference in survival time between the prognostic subgroups 

remained statistically significant, after adjusting for baseline variables 

(age, gender, site of onset and ALSFRS-R at baseline) suggesting an 

intrinsic difference in disease trajectory {p<0.0001,  see table 10.2)

Table 10.2 .Results o f cox proportional hazards m ultivariate analysis(n=88) o f survival time 

post first assessment in the three clusters (using Cluster 3 as reference) after adjusting for 

age at symptom o n se t, gender, site o f disease onset, and ALSFRS-R score at baseline.

Variables in the Equation

95.0% Cl for Exp(B)

B SE Wald df Sig. Exp(B) Lower Upper

T1_ALSFRSR -.055 .029 3.461 1 .063 .947 .894 1.003

Site_Onset -.310 .358 .751 1 .386 .733 .363 1.480

Age_symptom .000 .017 .001 1 .978 1.000 .967 1.033

Gender -.737 .287 6.596 1 .010 .479 .273 .840

Prog_C lusters 31.577 .000

Prog_Clusters (1) 3.208 .571 31.548 1 .000 24.732 8.074 75.760

Prog_Clusters (2) 2.633 .575 20.990 1 .000 13.912 4.511 42.909

Similar results were obtained when survival time was estimated from 

symptom onset, with the worst prognosis observed in Cluster 1 and the 

best in Cluster 3 (Log rank test p<0.0001) .  Mean and median survival 

times are shown in table 10.3 and the results of multivariate analysis in 

table 10.4 (survival plot shown in figure 10.3).
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Table 10.3 Kaplan-Meier estimated mean and median survival times estimated from 

symptom onset in the three identified clusters,

Means and Medians for Survival Time

(n=29)

Cluster 2 45.13 3.46

(n=21)

Overall 53.96 3.57 46.96

Median Std.

Error

Mean Std. 95% Cl

Error Lower Upper 

Bound Bound 

Cluster 1 37.89 3.02 31.97 43.82 33.00 1.28

51.90 41.00 6.4138.36 

(n=38)

Cluster 3 84.24 7.59 69.36 99.13 88.00 15.42

95% Cl 

Lower Upper 

Bound Bound

30.49 35.52

28.43 53.57

57.78 118.22

60.96 45.00 4.32 36.54 53.46

a. Estimation is limited to the largest survival time if it is censored.

Table 10.4 Results of cox proportional hazards multivariate analysis of survival time 

estimated from symptom onset in the three clusters (using cluster 3 as reference) after 

adjusting for age at symptom onset, gender, site of disease onset, and ALSFRS-R score at 

baseline (n=88).

95.0% Cl for Exp(B)

B SE Wald df Sig. Exp(B) Lower Upper

T1_ALSFRSR .004 .027 .026 1 .873 1.004 .952 1.060

Slte_Onset .530 .305 3.008 1 .083 1.699 .933 3.091

Age_symptom -.004 .017 .055 1 .815 .996 .964 1.029

Gender -.277 .285 .942 1 .332 .758 .433 1.326

Prog_Clusters 21.907 .000

Prog_Clusters (1) 2.313 .498 21.561 1 .000 10.108 3.807 26.838

Prog_Clusters (2) 2.058 .503 16.755 1 .000 7.832 2.923 20.982
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Figure 10.3 Kaplan-Meier plots o f survival probabilities for 88 ALS-Sporadic patients 

segregated by prognostic cluster. Log rank test for equality o f survival functions, p<0.0001.

Survival Functions

1 .0 -

0 .6 -

0 .4 -

0 .2-

0 .0 -

.00 20.00  40.00  60.00  80.00  100.00  120.00

Survival Time from Symptom Onset (months)

Key.' Black line: cluster 1 (n=29); dotted line: cluster 2 (n=38); grey line: cluster 3 (n=21); + 

censored cases.

As would be expected, there was significant inter-group differences in 

prospectively estimated rates of motor progression (overall, bulbar, 

respiratory and limb function) using both data obtained at the second 

assessment (T2 data) and data obtained at the third assessment (T3 

data). Median rates of motor decline in the three clusters (T2 and T3 data) 

are displayed in table 10.5.
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Table 10.5 Prospectively estimated rates of motor decline (in points/month) in the three 

identified clusters.

Median prospectively estimated Cluster 1 Cluster 2 Cluster 3 P 

Rates T1-T2 (IQR) (N=29) (N=38) (N=21) value

Total ALSFRS-R score - 1.40 (0 .73) -0 .8 2 ( 1. 1) -0.33 (0 .57) 0.0001

Bulbar sub-score -0.50 (0 .39) 0.00  (0 .17) 0.00 (0 . 17) 0.0001

Limb function sub-scores -0.63 ( 1.02 ) -0 .6 7 ( 1. 16) -0.27  (0 .60) 0.038

Respiratory sub-scores -0.33 (0 .41 ) 0.00  (0 . 10) 0.00  (0 .05) 0.0001

Median prospectively Estimated 

rates T1-T3 (IQR)

N=5 N=20 N=16

Total ALSFRS-R score - 1.38 (0 .74) -0.54  (0 .84) -0.27 () .46 ) 0.003

Bulbar sub-score -0.25 (0 .22 ) 0.00  (0 .14) 0.00  (0 .14) 0.005

Limb function sub-scores -0.65 (0 .49 ) -0.50 (0 .53) -0.08 (0 .45 ) 0.005

Respiratory sub-scores -0.31 (0 .33) 0.00  (0 .05 ) 0.00  (0 .08) 0.007
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Pairwise comparisons were carried out using bonferroni corrections for 

multiple comparisons.

Compared to remaining two clusters, Cluster 1 (the cluster with the worst 

survival time) had, significantly higher median rates of overall motor 

decline (T2 data: p<0.0001; T3 data p<0.006 in both cases), bulbar 

functional decline (T2 data: p<0.0001; T3 data p<0.006 in both cases), 

and respiratory decline at T2 (p<0 .0001). Median respiratory decline at T3 

were significantly higher in Cluster 1 compared to Cluster 2 (p=0 .002) but 

the trend did not reach statistical significance in case of Cluster 3 

(p=0 .011), possibly because of small sample size.

Cluster 2 displayed high rates of mainly limb functional decline. Median 

rates of limb function decline in Custer 2 were not significantly different 

from those of Cluster 1 {p>0.05)  and tended to be faster than that those 

observed in Cluster 3 (T2 data: p=0.032;  T3 data p=0.017).  Figure 10.4 

provides a median plot for rates of motor progression over between T1 

and T2 in the three clusters.

After the above investigation, the three clusters were named as follows for 

reasons of clarity:

• Cluster 1/Rapid Progression-Poor Prognosis Group

• Cluster 2/Rapid Spinal Progression-Intermediate Prognosis Group

• Cluster 3/Slow Progression-Atypical Long Survival Group
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10.3 Characteristics of the Prognostic Clusters

The baseline demographic and clinical characteristics of the three clusters 

were compared. Focus was on variables tha t  can be obtained at the first 

evaluation of any ALS patient using history and physical examination.

As shown in table 10.6, significant inter-group differences were observed 

between the three clusters with regard to gender distribution {p=0.012) ,  

site of disease onset (p=0.014) ,  and median number of body regions 

involved at t ime of a ssessm ent  {p=0.022,  range 1-4, regions: bulbar, 

respiratory, upper limb and lower limb), and educational a t tainment 

{p=0.001).  Patients in Cluster 1 (Rapid Progression/poor prognosis group) 

were more likely to be female, to have lower educational attainment,  

bulbar-onset of disease, and a larger number  of body regions involved.

Notably, although patients in Cluster 1 (Rapid Progression/Poor Prognosis 

Group) tended to be older at  symptom onset than the other  two groups, 

the difference was not statistically significant.

The table also includes differences in retrospectively estimated rates of 

motor decline as these  parameters  can be easily calculated using ALSFRS- 

R scores at baseline and disease duration. There was a significant inter

group significant difference was in retrospective decline in bulbar function 

{p<0.0001).  Median decline in retrospectively estimated bulbar function in 

Cluster 1 was significantly higher than that of cluster 2 (p<0.0001)  and 

Cluster 3 ( p -0 . 012) .  There was no significant difference in between the 

latter two groups (2 and 3) in retrospective bulbar decline.
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Table 10.6 The baseline characteristics of the three prognostic clusters

Cluster 1 Cluster2 Custer 3 P value

Mean age at symptom onset 61.75 (8.0) 58.03 (8.21) 57.11(10.00) 0.114

Males ®/o 37.9% 71.1% 71.4% 0.012**

Bulbar-onset ®/o 51.7% 18.4% 38.1% 0.014**

Median baseline ALSFRS-R 

(IQR)

39.00 (9.00) 41.50(19.00) 44.00 (8.00) 0.097

Delay to diagnosis 11.00 (6.50) 7.00 (9.25) 13.00(10.00) 0.085

Median no of body regions 

involved (max 4)

3.00(1.00) 2.00(2.00) 2.00(1.00) 0.022**

Mean Education in (SD) 10.38 (3.11) 13.16(3.37) 13.10(2.49) 0.001**

Median premorbid FSIQ 

(IQR)

105.00 (27.25) 103.00(13.50) 106.00(20.00) 0.849

Retrospectively estimated 

decline:

rates of motor

Total ALSFRS-R 0.50 (0.39) 0.38 (0.45) 0.33 (0.51) 0.125

Bulbar sub-score 0.23 (0.41) 0.00 (0.10) 0.06 (0.26) <0.0001

Limb function sub-scores 0.25 (0.35) 0.30 (0.44) 0.14(0.45) 0.352

Respiratory sub-scores 0.00 (0.04) 0.00 (0.08) 0.00 (0.02) 0.819
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Figure 10.5 An illustration o f the median rates o f retrospectively estimated bulbar decline in 

the three prognostic clusters.

31 2
Clusters

10.4 Cognitive Performance and Decline in the 

Prognostic Clusters

The frequency of co-morbid FTLD, executive dysfunction, and language 

dysfunction were all h igher in the  Cluster l-(R apld  Progression/Poor 

Prognosis Group) com pared  to the  o th e r  two clusters , but a significant 

difference w as only observed  in case  of executive dysfunction (p=0.005) .

Table 10.7. Cognitive Function in the three prognostic clusters.

Cluster 1 Cluster 2 Cluster 3 P value

Co-m orbid FTLD  

Executive dysfunction  

Language dysfunction 

M emory

10.3%

41.4%

28.6%

7.1%

2 .6%

15.8%

13.2%

10 .8%

4.8%

4.8%

5.0%

4.8%

0.428

0.005

0.089

0.791
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Cognitive performance in the three patient clusters was compared to that 

of healthy controls (HC). Significant inter-group differences were observed 

on three executive tasks (Stroop CWI task, category fluency and 

phonemic VFI, p<0.0001  in all three cases), ROCF copy trial {p=0.001),  

the BNT {p=0.002),  as well as several verbal and nonverbal memory tasks 

(see table 10.8).

Post-hoc pair-wise comparisons were carried out using bonferroni 

adjustment for multiple comparisons. Cluster 1 (Rapid-Progression/Poor 

Prognosis Group) had significantly worse mean scores compared to those 

of HC on the Stroop CWI task {p<0.0001);  category fluency {p=0.014))  

phonemic VFI {p<0.0001))  BNT {p=0.002)\  ROCF copy trial (p=0.019);  

Logical Memory recall and retention {p=0.011  and p=0.001 respectively)) 

delayed recall trial of the VPAL task (p=O.OJS);and the RCPM {p<0.0001).

Cluster 1 also had significantly worse performance compared to Cluster 2 

on two executive tasks (Stroop CWI task p=0.032,  and phonemic VFI 

p=0.018)  and compared to Cluster 3 on the category fluency (p=0.007) .

Cluster 2 (Spinal Progression/Intermediate Prognosis Group) had 

significantly lower mean scores compared to HC on four tasks: phonemic 

verbal fluency (p=0.001);  ROCF copy trial (p=0.009) ,  story recall and 

story retention {p=0.007  and p=0001  respectively).

The only significant differences between the mean scores of Cluster 3 

(Slow progression/Atypical long Survival group) and HC were on story 

recall and retention (p=0 .005  and p=0.006).
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TablelO.8. Baselines mean scores (and standard deviations, SD) for non-demented ALS patients after segregation into three subgroups based prognostic 

clustering and inter-group differences in cognitive performance at baseline.

Tasks Cluster 1 ClusterZ Clusters P value

Mean n Mean SD n Mean SD n

Executive function/attention

Phonemic verbal fluency index* 28.49 52.40 28 12.86 9.58 36 12.61 7.83 21 <0.0001

Category fluency 16.44 7.13 23 17.49 7.41 32 22.89 -9.10 19 <0.0001

Backward digit span 10.33 4.49 18 11.69 3.39 35 11.39 2.22 19 >0.05

Brixton Spatial anticipation task 4.61 2.44 28 5.97 2.67 34 5.71 1.68 21 >0.05

Stroop CWI Task* 38.4 26.31 20 22.85 18.70 33 22.60 18.4 5 <0.0001

Memory function

Logical Memory Immediate 10.33 3.48 18 10.26 3.47 34 10.45 3.50 20 >0.05

Recall

Logical Memory - Delayed Recall 10.0 3.25 18 10.47 3.24 34 9.95 3.39 20 <0.0001

Logical Memory - Retention 9.44 2.83 18 10.03 2.89 34 9.85 3.27 20 >0.05

VPAL-immediate recall 9.53 3.56 17 10.27 3.02 30 11.00 -2.00 19 0.023

VPAL-delayed recall 9.71 3.44 17 10.43 2.87 30 10.74 2.32 19 0.011

VPAL-retention 10.06 2.61 17 9.97 2.79 30 10.05 2.04 19 0.0001

Auditory delayed recognition 11.94 2.91 16 11.30 3.57 30 11.05 3.33 19 >0.05

ROCF -immediate Recall 41.57 13.07 23 53.58 15.77 29 48.71 12.27 17 0.020
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Table 10. 7 continued 

ROCF -delayed Recall 39.74

Cluster 1 

11.05 23 51.37

Cluster 2 

16.69 29 A IM

Cluster 3 

12.12 17 0.027

Language

Boston Naming Test 22.18 5.00 28 24.05 4.54 38 25.65 3.48 20 p=0.002

Visuo-construction 

ROCF copy trial 27.73 7.79 26 33.03 5.51 30 31.92 5.67 18 p<0.0001

Non-Verbal Intelligence 

Raven’s Progressive Matrices 26.38 6.37 29 29.42 5.74 38 29.71 6.0 21 p<0.0001

Key: VPA: Verbal Paired Associates Learning task; ROCF: Rey-Osterrieth Complex Figure. * Higher scores indicate worse performance on these tasks. P 

value is for inter-group differences at baseline.
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To test the hypothesis that fastest rates of cognitive decline take place in 

patients with the nnost rapid motor decline, cognitive performance over 

time was compared in the three prognostic clusters. Analysis was confined 

to T2 data because of high attrition of Cluster 1-Rapid Progression/Poor 

Prognosis group by T3 (n = 5 at T3).

Table 10.9 displays the mean z scores of the three clusters at T1 and T2 

As in chapter 9, z sores were calculated using HC data for the appropriate 

assessment as reference to ensure adjustment for earning effect.

On comparing the performance over time in the three clusters to that of 

HC, significant group versus time interactions were observed in case of 

three tasks: the BNT (p=0.002);  the BSAT {p=0.001):  and the RCPM 

ip=0.012).

Post-hoc pairwise comparisons (with bonferroni correction) revealed that 

decline in performance of Cluster 1-Rapid Progression/Poor Prognosis 

Group was higher than that observed in Clusters 2-Spinal Progression- 

Intermediate Prognosis and Cluster 3-Slow Progression-Atypical Long 

Survival in case of BSAT {p=0.001 both cases), and the RCPM {p=0.014  

and p=0.04  respectively), and higher than that observed in clusters in 

case of the BNT {p=0.004).There was no significant difference between 

cognitive decline in Cluster 2 and 3 on any of the tasks.
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Table 10.9 Mean z scores of the three prognostic clusters at T1 and T2 and p value for group versus time interaction

Tasks Cluster 1 Cluster 2 Cluster 3 P value

II
Executive Function/Attention 

Phonemic verbal fluency index -5.00

Category fluency -1.13

Backward digit span -0.40

Brixton Spatial anticipation task -0.34

Stroop CWI Task -1.07

Memory Function

Logical Memory-immediate recall -0.28

Logical Memory - delayed Recall -1.04

Logical Memory - Retention -1.08

VPAL-immediate recall -1.40

VPAL-delayed recall -1.37

VPAL-retention -0.44

Auditory delayed recognition 0.15

ROCF -immediate Recall 0.38

ROCF -delayed Recall 0.39

T2 n 1 1 12 n

-5.87 23 -0.66 -0.84 30

-1.22 9 -0.52 -0.75 22

-1.09 8 -0.07 -0.51 30

-1.03 25 0.33 -0.33 31

-0.96 8 -0.22 -0.15 24

-0.71 10 -0.49 -0.56 30

-0.93 10 -1.00 -0.51 30

-0.84 10 -0.86 -034 30

-1.45 6 -0.41 -0.51 23

-2.02 6 -0.37 -0.74 23

-1.28 6 -0.52 -0.61 23

-0.07 6 -0.42 -0.25 23

-1.24 14 0.35 0.06 21

-1.13 14 0.29 -0.05 21

1 1 T2 n

-1.01 -0.72 19 p>0.05

0.42 -0.10 17 p>0.05

-0.17 0.02 17 p>0.05

0.20 0.71 21 **p=0.00

-0.23 0.03 16 p>0.05

-0.25 -0.11 18 p>0.05

-1.04 -0.09 18 p>0.05

-1.04 0.37 18 p>0.05

-0.21 -0.67 17 p>0.05

-0.36 -0.95 17 p>0.05

-0.42 -0.41 17 p>0.05

-0.26 -0.06 17 p>0.05

-0.13 -0.40 14 p>0.05

-0.07 -0.39 10 p>0.05
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Table 10.9 Continued Cluster 1 Cluster 1 Cluster 1

Language

Boston Naming Test -1.10 -2.88 26 -0.55 -1.32 35 -0.01 -0.51 20 **p=0.002

Visuo-construction

ROCF copy trial -1.39 -3.09 15 0.41 -0.37 22 -0.40 -1.93 14 p>0.05

Non-Verbal Intelligence

Ravens’ CPM -1.27 -1.90 27 -0.33 -0.60 33 -0.17 -0.00 19 **p=0.012

Key: VPA: Verbal Paired Associates Learning task; ROCF: Rey-Osterrieth Complex Figure. * Higher scores indicate worse performance on these tasks. P 

value is for group versus time interaction. .
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10.5 Behavioural Function in the Prognostic clusters

There was no significant difference in the frequency behavioural 

impairment (as defined using FrSBe) among the three clusters (table 

10.10).  However, when the cohort was segregated by gender,  it was 

evident tha t  in the male cohort, behavioural impairment was confined to 

cluster 2-Rapid Spinal Progression/Intermediate Prognosis and Cluster 3- 

Slow Progression/Atypical Long survival. Conversely, in the female cohort, 

behavioural impairment was only observed in patients belonging to 

Cluster 1-Rapid Progression-poor Prognosis. The differences however, did 

not reach statistical significances, possibly because of the small sizes of 

the  segregated cohorts.

Table: 10.10 The frequency o f behavioural impairment in non-demented ALS patients among 

the three prognostic clusters before and after segregation by gender.

Cluster 1 Cluster2 Cluster 3

All cohort n = 61 13.6% 21.4% 35.7% 0.300

Males n = 3 8  0% 23.8% 40.0% 0.085

Females n-23 21.4% 0.00% 0.00% 0.688
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The frequency of increased apathy, disinhibition, and dysexecutive 

behaviour was compared among the three prognostic clusters. In the 

cohort as whole the frequency of increased apathy, dishibition and 

dysexecutive behaviour was similar in the three prognostic subgroups.

When analysis was confined to the male cohort,

• apathy was significantly more frequent in Cluster 2-Spinal onset- 

intermediate prognosis (4/21 or 19.0%) and Cluster 3-Slow 

Progression-Atypical Long Survival (6/10 or 60%) compared to 

Cluster 1-Rapid Progression-Poor Prognosis, 0 /7 or 0%, p=0.015);

• dysexecutive behaviour was also more frequent in Cluster 2 (3/21 

or 14.3%) and Cluster 3 (2/10 or 20%), compared to Cluster 1 

(0 /7) but the difference was not statistically significant; and

• no specific pattern was observed in case of disinhibition.

In female cohort,

• apathy was only observed in Cluster 1 (6/14 or 42.9% versus 0% 

in the other two cluster, p=0.046);

• dysexecutive behaviour was also confined to Cluster 1 (3 /14 or 

21.4% versus 0% in remaining 2 clusters) but the difference was 

not statistically significant;

• No specific pattern or significant difference was observed in case of 

disihibition
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10.6 Prediction of the Prognostic Clusters

Ordinal regression analysis was used to investigate significant predictors 

of the three clusters. The variables introduced into the model, were 

selected based on the presence of significant inter-group differences in the 

above section: gender,  bulbar (as opposed to spinal) disease onset,  

number of body region involved, the presence of executive dysfunction 

(regardless of the co-existence of dementia),  and retrospectively 

estimated bulbar decline.

The results of the regression model (table 10.11, n = 88) suggested that  

significant predictors of the prognostic clusters are gender (p=0.032),  the 

presence of executive dysfunction (p=0.004),  and retrospectively 

es timated rate of bulbar decline (borderline significant p=0.047).

The analysis was repeated after converting retrospectively estimated 

bulbar decline into a categorical variable to facilitate its use in a predictive 

algorithm. Patients were categorised as into two groups based on whether  

retrospective bulbar decline was above or below the median of 0.08 

points/month. The model revealed similar results (ANOVA p value 

p< 0 .0.001. Nagelkerke pseudo R square 0.286, Pearson and Deviance 

Goodness of Fitness tes t  p>0.05)  with retrospective bulbar decline still 

significant {p=0.042, see  table 10.12).
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Table 10.11 Results of Ordinal Regression analysis carried out to investigate predictors of 

prognostic clusters

Model

-2 Log 

Likelihood Chi-Square df Sig.

Intercept Only 

Final

140.767

117.483 23.284 4 .000

Goodness-of-Fit

Chi-Square df Sig.

Pearson 121.518 98 .054

Deviance 104.727 98 .302

Pseudo R-Square

Cox and Snell .232

Nagelkerke .263

McFadden ,124

Parameter Estimates

Estimate

Std.

Error Wald df Sig.

95% Confidence 

Interval

Lower

Bound

Upper

Bound

Threshold [Prog_Cluster = 1] .775 .619 1.567 1 .211 -.439 1.989

[Prog_Cluster = 2] 3.056 .702 18.952 1 .000 1.680 4.432

Location Retro-Prog_bulbar -3.249 1.649 3.885 1 .049 -6.481 -.018

[Executive_dysf=.00] 1.635 .563 8.439 1 .004 .532 2.738

[Executive_dysf =1.00] 0^ 0

[Bulbar_vs_spinal=1.00] .547 .616 .789 1 .374 -.660 1.754

[Bulbar_vs_spinal =2.00] 0" 0

[Gender=1] .965 .451 4.575 1 .032 .081 1.849

[Gender=2] 0" 0
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Table 10.12 Results of ordinal regression analysis carried out to investigate predictors of 

prognostic clusters after converting retrospective bulbar decline into categorical variable

Parameter Estimates

Estim

ate

Std.

Error Wald df Sig.

95% Confidence 

Interval

Lower

Bound

Upper

Bound

Threshol [Prog_Cluster = 1] 2.041 .796 6.573 1 .010 .481 3.602

d [Prog_Cluster = 2] 4.313 .904 22.780 1 .000 2.542 6.084

Location [Executive_dysf=.00] 1.575 .559 7.926 1 .005 .478 2.671

[Executive_dysf =1.00] 0" 0

[Bulbar_vs_spinal =1.00] .604 .640 .888 1 .346 -.652 1.859

[Bulbar_vs_spinal =2.00] 0^ 0

[Gender=1] 1.114 .450 6.144 1 .013 .233 1.996

[Gender=2] 0® 0

[R_bulbar_08=.00] 1.254 .617 4.135 1 .042 .045 2.463

[R_bulbar_08=1.00] 0® 0

Link function: Logit.

To test the predictive value of the identified predictors, each patient was 

awarded one point for each poor prognostic indicator:

• female gender

• Presence of Executive dysfunction

• Retrospective bulbar decline of 0 .08  or more (calculated using this 

formula: 12 minus bulbar score at baseline divided by disease 

duration in months).
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Patients in Cluster 1 were more likely to have 2 or more points while 

patients in Custer 2 and 3 were more likely to have 1 or less points 

{p<0.0001, see table 10.13).

Table 10.13 A summary o f the correlation between the number o f poor prognostic indicator 

points awarded to each patients and their prognostic cluster.

No of Points .00 Count (%)

Cluster 1

2 (6.7%)

Cluster 2

17(56.7%)

Cluster 3

11(36.7)

1.00 Count (%) 9 (30.0%) 16(53.3%) 5(16.7%)

2.00 Count (%) 13 (56.5%) 5(21.7%) 5(21.7%)

3.00 Count (%) 5(100.0%) 0 (.0%) 0 (.0%)

As shown in table 10.13, 6.7% of patients awarded 0 points (i.e. males 

with no executive dysfunction and slow retrospectively estimated bulbar 

decline) belonged to Cluster 1-Rapid progression-Poor Prognosis Group, 

compared to 56.5% of patients with 2 points and 100% of patents who 

accrued 3 points.

Conversely, while none of patients with 3 points (i.e. females with 

executive dysfunction and rapid retrospective decline) belonged to Cluster 

3 (Slow Progression/Atypical long Survival Group), 36.7% of patients with 

0 points belonged to this cluster.

Using the above 3 parameter point system, a score of 2 or more has a 

positive predictive value of 64.3% for Cluster 1 (Rapid Progression-Poor 

Prognosis) and negative predictive value o f 81.6%.
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10.7 The King's College London (KCL) Staging System

Roche and colleagues (2012) at King's College London recently proposed a 

prognostic staging system for ALS patients based on data from 1471 

patients seen at the tertiary referral centre at the college between 1997 

and 2003. In this proposed staging system, patients are s taged as 

follows:

• Stage 1: Symptom onset  (involvement of first region)

• Stage 2A: Diagnosis

• Stage 2B: Involvement of second region

• Stage 3: Involvement of third region

• Stage 4: Need for non-invasive ventilation

This staging system was applied to the  ALS cohort to investigate its utility 

in improving the prediction power of the above algorithm.

When the system was applied in full, the proportion of each cluster 

belonging to each disease s tage  was not significantly different {p=0.143,  

table 10.14),  though there was a clear trend for Cluster 1 (Rapid 

Progression-poor Prognosis group) to belong to s tage 3, and for the other  

two clusters to belong to Stages  2A or 2B. Very few patients belonged to 

s tage 4.
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Table 10.13 This is a summary’ o f the K ing ’s college London disease stage o f patients in each 

prognostic cluster.

King’s College Staging-Full

Stage Stage Sage 3 Stage

2A 2B 4.

Prognostic Cluster 1 Count 6 7 14 2

Cluster % (20.7%) (24.1%) (48.3%) 6.9%

Cluster 2 Count 16 11 9 1

% (43.2%) (29.7%) (24.3%) (2.7%)

Cluster 3 Count 10 7 4 0

% (47.6%) (33.3%) (19.0%) (.0%)

A significant inter-group differences {p=0.013)  were observed when the 

staging system was simplified to two main stages

• KCL simplified Stage 1 Involvement of two or less regions

• KCL simplified Stage 2: Involvement of three or more regions or 

need for non-invasive ventilation

Table 10.14 This is a suininary o f the Simplified K ing ’s college London disease stage o f 

patients in each prognostic cluster.

Prognostic Cluster Cluster 1 Count

King’s College Staging-Simplified

Stage 1 Stage 2

Count 13 (44.8%) 16(55.2%)

%

Count 27 (73.0%) 10(27.0%)

%

Count 17(81.0%) 4(19.0%)

%
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Ordinal regression analysis was carried out to investigate the predictive 

power of the following set of variables: the Simplified KCL staging system, 

gender, and executive dysfunction. The results, shown in table 10.15, 

indicated the simplified staging system made a significant contribution to 

the model {p=0.044) .

Table 10.15 Results o f Ordinal Regression analysis o f the prognostic clusters using the 

following variables, gender, executive dysfunction, and the Simplified KCL staging system.

Model

-2 Log 

Likelihood Chi-Square df Siq.

Intercept Only 

Final

62.236

39.942 22.293 3 .000

Goodness-of-Fit

Chi-Square df Siq.

Pearson 11.506 11 .402

Deviance 11.888 11 .372

Pseudo R-Square

Cox and Snell .226

Nagelkerke .256

McFadden .119

Estimate

Std.

Error Wald df Siq.

95% Confidence Interval

Lower

Bound

Upper

Bound

Threshold [Prog_Cluster = 1] 1.661 .606 7.519 1 .006 .474 2.848

[Prog_Cluster = 2] 3.889 .722 28.992 1 .000 2.474 5.305

Location [Simp-KCL=1.00] .939 .465 4.069 1 .044 .027 1,851

[Simp-KCL =2.00] 0" 0

[Gender=1] 1.144 .447 6.561 1 .010 .269 2.020

[Gender=2] 0" 0

[Executi ve_dys=.00] 1.465 .566 6.705 1 .010 .356 2.575

[Executive_dys=1.00] 0" 0
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Each patient awarded  one point for th e  following poor prognostic 

indicators:

• Female gende r

• Executive dysfunction

• KCL simplified S tage  2: Involvement of th re e  or more  regions or 

need for non-invasive ventilation

Patients in Cluster 1 were  again more  likely to have  2 or more  points while 

patients  belonging to Cluster 2 and 3 were m ore  likely to have  less than  2 

points {p<0.0001).

Table 10.16 Summary o f the relationship between the prognostic clusters and patient groups 

formed using prognostic point system using executive dysfunction, gender and K ing's 

College London Simplified Staging system.

Points 0 Count

Cluster 1

4

Prognostic Cluster 

Cluster 2

17

Cluster 3

11

(% ) (12.5%) (53.1%) (34.4%)

1 Count 9 15 9

% (27.3%) (45.5%) (27.3%)

2 Count 11 6 1

% (61.1%) (33.3%) (5.6%)

3 Count 5 0 0

% w (100.0%) (.0%) (.0%)

Using the  above 3 pa ram e te r  point sys tem ,  a score of 2 or more  has  a 

positive predictive value of 69 .56%  for Cluster 1 (Rapid Progress ion-Poor 

Prognosis) and negative  predictive value of 80 .0% .
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Notes:

- Although ordinal regression was  used because  of the  ordinal na ture  

of prognostic subgroups ,  ana lyses  carried out using multinomial 

regress ion yielded similar results

- When both bulbar progression and  the  simplified KCL staging 

sys tem  were  included in the  model,  neither variable m ad e  a 

significant contribution to the  model, sugges ting th a t  the  two 

variables  m easu re  similar a spec ts  of the  d isease ,  namely  d isease  

progression prior to a s s e s sm e n t .

- There  was  no significant difference in age  a t  sym ptom  onse t  

be tween  the  th ree  clusters and  introduction of age  into any  of the  

ordinal regression models  m ade  no change  to the  results  and 

revealed no significant contribution for age.

10.8 The Contribution of Behaviour

To invest igate  the  predictive value, if any, of behavioural  impairment in 

case  of the  identified prognostic cluster the  p resence  or absence  of 

behavioural  im pairment  (as per  FrsBe) was  introduced into the  ordinal 

regression model.  Patients with and without evidence of co-morbid FTLD 

were  included (n=64) .  Because of the  smal ler sample  size only variables 

shown to make  a significant contribution to the  predictive power of the  

model were  included in addition to behavioural  s ta tus :  gender ,  executive 

dysfunction,  and re trospect ive bulbar  decline.
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The only significant predictors were gender and executive dysfunction. 

The contribution of behavioural status was borderline but not significant 

(p=0.055).  Substituting bulbar decline for KCL stage produced similar 

results.

It was suspected that the above result may be secondary to the opposing 

effect of behavioural impairment on prognosis in the different genders. 

Thus the cohort was stratified by gender.

Table 10.17 displays the results of the male cohort (n=41) using the 

following three predictors: executive dysfunction, behavioural impairment 

and bulbar decline (retrospective). All three predictors made a significant 

contribution to the model. The presence of behavioural impairment 

exerted an opposite effect to that of executive dysfunction.

On introducing the Simplified KCL stage instead of retrospective bulbar 

decline, only executive dysfunction and behavioural status were significant 

predictors of cluster membership(p = 0.006 and p=0.024  respectively).

The same analysis could not be carried out in the female cohort because 

the small size (n = 23) violated assumptions of the regression analysis.
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Table 10.17 Results of ordinal regression analysis o f the prognostic clusters in the male 

cohort using the following variables: presence (1) or absence (0) of executive dysfunction, 

presence (1) or absence (0) of behavioural impairment and retrospective bulbar progression.

Model Fitting Information

Model

-2 Log 

Likelihood Chi-Square df Sig.

Intercept Only 

Final

64.368

44.895 19.473 3 .000

Link function: Logit.

Goodness-of-Fit

Chi-Square df Sig.

Pearson 37.516 47 .837

Deviance 38.643 47 .802

Linl< function: Logit.

Pseudo R-Square

Cox and Snell .378

Nagelkerke .436

McFadden .236

Llnl< function: Logit.

Parameter Estimates

Estimate

Std.

Error Wald df Sig.

95% Confidence 

Interval

Low^er

Bound

Upper

Bound

Threshold [Prog_Custer= 1] -1.554 1.100 1.997 1 .158 -3.710 .602

[Prog_Custer = 2] 1.917 1.108 2.991 1 .084 -.255 4.090

Location Retro_bulbar_pog -5.980 2.899 4.257 1 .039 -11.661 -.299

Executi ve_dysf= .00] 2.895 1.067 7.363 1 .007 .804 4.987

[Executive_dysf=.=1.00] 0® 0

[Behav-imp=.00] -1.911 .783 5.958 1 .015 -3.446 -.377

Behav-imp =1.00] 0^ 0

a. This parameter is set to zero because it is redundant.
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To test if the introduction of behaviour improved the predictive power of 

prognostic point systenn, a final algorithm was constructed using only four 

variables:

• Female sex: +1 point

• Presence of Executive dysfunction: +1 point

• Retrospective Bulbar progression > 0.08 points/months: +1 point

• Behavioural impairment: in males -1 point and in females +1 point

Patients with higher points were more likely to belong in Cluster 1 (Rapid 

progression) and patients with low points were more likely to be in have 

an intermediate or atypical long survival {p<0.0001, see table 10.18).

Table 10.18 A summary of the relationship between number of points awarded (using 

gender, executive dysfunction, behaviour, retrospective bulbar progression) and prognostic 

subgroup.

Prognostic Cluster

Cluster 1
Points 0 or less Count (%)

Cluster 1

1 (3.6%)

Cluster 2

17(60.7%)

Cluster 3

10(35.7%)

1.00 Count (%) 8(42.1%) 10(52.6%) 1 (5.3%)

2.00 Count (%) 7 (63.6%) 1 (9.1%) 3 (27.3%)

3.or more Count (%) 6(100.0%) 0 (.0%) 0 (.0%)

Using the above 4 parameter point system, a score of 2 or more has a 

positive predictive value of 76.5% for Cluster 1 (Rapid Progression-Poor 

Prognosis), and negative predictive value of 80.1%.
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The above ana lyses  could not verified In C9orf72 positive pa tients  and 

patients  with a family history of ALS in the  absence  of known mutat ion 

because  of small cohort  sizes ( n < 2 0  in both cases)

10.9 Discussion

A validated reliable prognostic model for ALS patients  is needed  to aid in 

in planning of care for individual pa tien ts  and to allow more  efficient 

stratification procedures  in clinical trials. However, a reliable prognostic 

model has  remained  elusive. Impor tantly ,  all prognostic models  th a t  have  

been proposed to date  failed to evalua te  the  utility of cognitive or 

behavioural  da ta  (Scotton  e t  al., 2012 Haverkamp e t  al., 1995; Turner  e t  

al., 2002; Gargiulo-Monachelli e t  a!., 2012, Armon et  al., 2000) .

This exploratory  study utilized a da ta - led  hypothesis-f ree  analysis of the  

prospectively ga thered  moto r  data  in order  to invest igate  th e  presence  of 

prognostic subgroups  within the  ALS population. The objective was  to 

invest igate  if th e  clinical and neuropsychological da ta  ga thered  a t  first 

evaluation can be used to reliably predict  individual pa tien t prognosis.

Cluster analysis of ra tes  of motor progression (bulbar,  respiratory,  and 

limb function) and survival t ime post  first evaluation sug g es ted  the  

p resence  of th ree  prognostic clusters  or groups.

332



The first cluster (Cluster 1) had the worst prognosis and displayed  

significantly higher rates of nnotor decline compared to other two groups, 

particularly overall motor decline, bulbar functional decline a respiratory  

decline. Cluster 2 had an interm ediate prognosis and m otor progression in 

this cluster was dominated by decline limb function. Cluster 3 was 

characterized by slow rates of motor decline and atypical long survival 

time. The fact th a t the differences in survival t im e  between the clusters 

remained significant after adjusting for baseline variables suggested an 

intrinsic difference in disease tra jectory in the three  identified clusters.

Baseline characteristics associated with Cluster 1-Rapid Progression-poor  

prognosis group included fem ale sex, bulbar onset disease, and higher 

rates of retrospectively estimated bulbar decline, and involvem ent of 

multiple body regions at tim e of assessment. Bulbar onset disease has 

been previously recognised in this body of work and in previous studies as 

negative prognostic indicator and its effect is likely to be linked to its 

association with fast bulbar progression. Although the effect of gender on 

survival failed to reach statistical significance in overall survival analysis  

(chapter 7 ) ,  its prognostic effect was evident in case of prognostic 

subgroups.

An unexpected finding was the association of poor educational a tta inm ent  

(bu t not premorbid FSIQ) with poor prognosis (Cluster 1). This may be 

related to an environmental confounder such as socioeconomic status  

an d /o r  smoking.
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Although the clusters were identified using motor data exclusively, a clear 

link with cognitive function was observed. Executive dysfunction was 

observed in almost half the patients in Cluster 1 compared to less than 

5%  of the patients in Cluster 3. Patients belonging to Cluster 1 (Rapid 

Progression-poor prognosis subgroups) were the only patient subgroup 

displaying significant differences compared to healthy controls on multiple 

executive tasks and language function. Ordinal regression analysis 

confirmed that executive dysfunction was important predictor of patient 

prognostic subgroup.

The recurring link between poor prognosis, aggressive bulbar disease, and 

executive dysfunction may be explained by the close anatomical proximity 

between the cortical regions involved in bulbar muscle control and frontal 

cortical regions required for effective executive control. The increased 

frequency of language dysfunction in Cluster 1 would also be consistent 

with this hypothesis as because of the critical role of Broca's area 

(Brodmann's are 44 and 45) in expressive language abilities. However, 

this would not explain why language dysfunction per se is not as robustly 

associated with poor prognosis as executive function. This may be related 

to hemispheric laterality or the use of a task of confrontational naming, 

which is not necessarily the most sensitive tasks to language deficits in 

the ALS population.

The findings of the exploratory study also confirmed the hypothesis that 

the cognitive decline is most rapid in patients with the most aggressive 

motor decline. Patients in Cluster 1 (Rapid progression-poor prognosis) 

had significantly worse performance on the confrontational naming task,
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t h e  s e t  shif ting t a s k  ( th e  Brixton Spatial  Anticipat ion t a s k ) ,  a n d  t h e  

R aven ' s  Coloured Progress ive  Matrices,  a t e s t  of  n on -ve rba l  in tel l igence 

and  overal l cognit ive  function.  This finding, which c o n s i s t e n t  with t h e  

f indings In c h a p t e r  9,  is likely to be  a m a jo r  con t r ibu to ry  f ac to r  to  th e  

largely nega t ive  resu l t s  of t h e  published longi tudinal  s tud ie s .

Pa t ien ts  in Clus te r  1 had  significantly h ighe r  n u m b e r  off body reg ions  

involved a t  base l ine  a n d  w e re  more  likely to  be long to  s t a g e  3 or  4 of t h e  

p ro p o s e d  Kings College London S taging  s y s t e m .  Inclus ion of  t h e  simplified 

( tw o - s t a g e )  vers ion of t h e  Kings College London S tag ing  s y s t e m  im proved  

t h e  posit ive and  n e g a t iv e  predict ive value  of  t h e  predic t ive poin t  s y s t e m  

algori thm.

O ne  of t h e  m o s t  s triking ob s e rv a t io n s  of  thi s  e xp lo ra to ry  s tu d y  w a s  t h e  

gender - spec i f ic  divide with regard  to  t h e  ef fect s  of  behav ioura l  

im p a i rm en t .  In t h e  f em a le  cohor t  behav ioura l  im p a i r m e n t  w as  o b s e rv e d  

exclusively in t h e  Clus te r  1 (Rapid P ro g re s s io n -p o o r  Prognosi s  g roup) .  

Behavioural ly im p a i rm e n t  in m a les  w as  conf ined to  p a t i e n t s  be longing  to 

e i th e r  C lus te r  2 (Spinal  P ro g re s s io n - In te rm e d ia te -P ro g n o s i s )  or  C lus te r  3 

(Slow Progression-Atypica l  long survival).  Although  th e  d i f fe rences  did not  

r e a c h  sta t is t ical  s ignif icance,  this is likely to  be d u e  to  re d u c e d  power .  

T h e s e  o b s e rv a t io n s  c o m p le m e n t  th e  p rognos t ic  f indings desc r ibed  in 

c h a p t e r  8, th o u g h  t h e  d a t a  w as  a p p ro a c h e d  f rom a di f ferent  pe rspec t ive .  

Im p o r t a n t ly  th e  h ig h e s t  predict ive va lue  w a s  d o c u m e n t e d  in t h e  a lgor i thm 

t h a t  included behavioura l  s ta tu s .  This finding is n e e d s  to  be exp lored  in 

m o r e  detail  in a la rge r  cohor t  using an  ALS-Specific behav ioura l  scale.
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Although Cluster 2 had significantly shorter survival tinne compared to 

Cluster 3 (HR13.91 in case of survival from time of first assessment and 

HR 7.83 in case of survival from symptom onset, p<0.0001  in both 

cases), none of the investigated baseline characteristics reliably 

differentiated the two clusters. This suggests that the difference between 

the two groups is a factor not explored in these analyses. The difference 

may reside in the combination of disease modifying susceptibility genes in 

the two clusters or an unidentified environmental factor.

The main limitation of this study is survival bias. Patients with particularly 

aggressive disease are less likely to be recruited to a cognitive study and 

are even less likely to undertake a second clinical assessment. Thus 

proportion of patients belonging to Cluster 1 may be larger in the 

population as a whole, or there may be another cluster with even more 

aggressive disease that has not been observed in this study.

In conclusion, cluster analyses of the motor and survival data generated 

prospectively in a population-based sample of ALS suggest the presence 

of at least three prognostic subgroups. Executive dysfunction and 

behaviour were significant predictors these prognostic subgroups, as well 

as gender, bulbar progression, and disease stage.
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11.1 Summary of Findings

11.1.1 Chapter 6: Results and Discussion Part I, 

Cognition: Incidence and Demographic Profile

The main finding of chap te r  can be sum m ar ised  as  follows:

• The recruited patient  cohort  can be considered to be reasonably 

represen ta t ive  of the  ALS population in the  Republic of Ireland, with 

the  exception of elderly pa tients  with particularly aggress ive  

d isease ,  a subgroup  th a t  would difficult to cap ture  in any  s tudy 

regard less  of design.

• The vas t  majority of pa tien ts  (a lmost  9 0 % )  were  recruited within 

one year  of diagnosis,  and th u s  the  risk of survival bias was 

minimised.

• C9orf72 hexanucleotide  rep ea t  expansion was  d o cum en ted  in 8 .7%  

of the  cohort ,  and  was  assoc ia ted  with younger  age  a t  sym ptom  

onse t  and  an increased likelihood of a positive family history for 

FTLD.

• In the  ALS cohort  as  a whole,  co-morbid dement ia  of the  

Alzheimer 's type  was  d o cum en ted  in 1 .4% ,  and  co-morbid 

dement ia  of the  fronto temporal type  (ALS-FTD) was docum ented  in 

13 .0%. Behavioural variant of FTLD (Bv-FTLD) was  by the  far the  

m os t  frequently observed  form of co-morbid dement ia .
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• Compared to ALS patients  without dem ent ia ,  ALS-FTD patients  

were more  likely to have  a positive family history of FTLD, and were 

less likely to be on regular Riluzole t r e a tm e n t .  ALS-FTD patients  

also had more  severe  disease at  baseline, but this finding see m e d  

to be driven by the  few language-variant ALS-FTD patients.

• Behavioural variant  FTLD was the  only form of co-morbid dement ia  

observed  in ALS patients  with the  C9orf72 rep ea t  expansion,  and 

patients  with a positive history for ALS in the  ab sence  of a known 

mutation.

• In ALS patients  with no evidence of frank dem ent ia ,  the re  was an 

over-represen ta t ion  of executive dysfunction when com pared  to 

healthy controls.

• The proportion of non-dem ented  ALS patien ts  who displayed 

evidence of executive dysfunction (approximate ly  one  third) was 

largely unaffected by the  criteria used (consensus  or domain-  

based) ,  or by the  p resence  of the  C9orf72 gene  mutation a n d /o r  a 

positive family history for ALS.

• Although dysfunction in memory,  language and visuo-construction 

was  also over- rep resen ted  in ALS patients  without dem ent ia ,  th e se  

deficits tended  to em erge  in pat ients  with co-exis ten t  executive 

dysfunction.  Although cognitive impairment in a subgroup of n o n 

d e m en ted  pat ients  was confined to non-executive  tasks ,  the
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frequency of th e se  abnormalit ies was  not significantly higher than  

th a t  observed  in controls.

• Pure non-executive  cognitive abnormalit ies were  m os t  frequently 

observed  in ALS patien ts  with a positive family history of ALS in the  

a b sen ce  of a known gene  mutation,  and were  least  frequently 

observed  in patients  with C9orf72 mutation.

• The m os t  frequently abnormal executive ta sk  in ALS patients  was  

the  phonemic  verbal fluency index, followed the  sem ant ic  fluency 

ta sk  and  the  Stroop Colour Word In te rference  task.

• No significant difference in cognitive scores  was  observed  in ALS 

pa tients  categor ised as  cognitively intact com pared  to healthy 

controls, with the  exception of the  phonemic  verbal fluency index 

and story  retention.

• Cognitive im pairment  in ALS-FTD patien ts  was  com m on,  and mainly 

in the  form of executive or non-executive  multi-domain impairment.  

However one  fifth of ALS-FTD patients  (all behavioural  variants)  

had no cognitive abnormalit ies.  Memory dysfunction was  only 

observed  in behavioural variant ALS-FTD patients.

340



11.1.2 Chapter 7: Results & Discussion Part II, 

Cognition; Prognostic Implications

The main finding of chap te r  7 can be sum m arised  as  follows:

• When ra tes  of motor progression were  es t im ated  retrospectively 

the  p resence  of frontotemporal syndrom es  (defined as  co-morbid- 

FTLD or  executive dysfunction in patien ts  without dem ent ia )  was  

associa ted significantly higher ra tes  of decline in bulbar,  and  to a 

lesser ex ten t  overall and  limb function.

• Direct compar isons  of prospectively es t im ated  ra tes  of motor  

progression among the  patient cognitive subgroups ,  also sugges ted  

tha t  th e  p resence  of a fronotemporal syndrom e,  particularly, 

executive dysfunction, was  associated higher ra tes  of bulbar 

decline, and possibly overall functional decline.

• Linear regression  analysis sugges ted  th a t  bulbar-onse t  of d isease  

and execut ive  impairment predict higher ra tes  of bulbar decline,  

while sp inal -onset d isease  and memory  dysfunction predict  higher 

ra tes  of limb functional decline.

• Initial exploratory  analyses  of survival t ime  (from sym ptom  onset)  

in ALS pa tients  sugges ted  tha t  negat ive prognostic indicators 

include older age  a t  sym ptom  onset ,  non-spinal o nse t  of disease,  

and shor t  delay to diagnosis.
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• Females displayed a non-significant tendency to have worse 

prognosis compared to males.

• Mean and median survival time were shorter in patients with co- 

morbid FTLD and non-demented patients with executive 

dysfunction, with significant differences observed on uni-variate 

analysis.

• Multivariate analyses confirmed the negative prognostic effect of 

co-morbid FTLD and executive dysfunction.

• Non-executive cognitive impairment was not associated with a 

negative effect on outcome.

• The above findings relating to the effect of frontotemporal 

syndromes on motor progression and overall survival tim e were 

largely unaffected by C9orf72 status. A notable exception was that 

the negative effect of co-morbid FTLD on overall survival time was 

not significant on multivariate analysis in C9orf72 negative patents.
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11.1.3 Chapter 8: Results & Discussion Part III,

Behaviour and Social Cognition

The  main  f indings of behavioura l  sec t ion  of th is  c h a p t e r  can  be  

sunnmar ised  a s  follows:

• Sub t le  behav ioura l  c h a n g e s  were  e v a lu a te d  us ing  t h e  Family Ra ted  

Form of t h e  FrSBe behavioura l  scale ,  which w a s  c o m p le te d  by t h e  

main  ca re  giver.  This w as  available in 133 pa t ien ts .

• T h e re  w e re  no signif icant  d if ferences  in b a c k g ro u n d  ch ara c te r i s t i c s  

b e t w e e n  p a t i e n t s  in w hom  th e  FrSBe w as  avai lab le  a n d  th o s e  in 

w h o m  it w a s  not  avai lable

• Behavioural  im p a i rm e n t  a s  defined by t h e  FrSBe w a s  o b s e rv e d  in 

2 6 . 7 %  of ALS pa t i e n t s  w ithout  d e m e n t i a .

• The  m o s t  c o m m o n  behavioura l  c h a n g e  w as  a p a t h y ,  d o c u m e n t e d  in 

3 6 . 8 %  of pa t ien ts .

• Pa t ien ts  w ho  w ere  posit ive for t h e  C9or f72 r e p e a t  e x p a n s io n  t e n d e d  

to  h a v e  h ighe r  r a t e s  of  behavioura l  im p a i r m e n t  c o m p a r e d  to  

p a t i e n t s  w i thou t  t h e  expans ion ,  and  had  significantly h ighe r  r a t e s  of  

a p a th y .

• T h e re  w e re  no significant d if ferences  in b a c k g ro u n d  var iab les  

b e t w e e n  behavioural ly  impaired  and  behav ioura l ly  in tac t  n o n 

d e m e n t e d  ALS pa t ien ts .
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• Correlation studies revealed that more severe disease at baseline, 

as estimated by total ALSFRS-R scores, was associated higher 

increases in apathy, disinhibition, and dysexecutve behaviour 

scores post onset of ALS (compared to premorbid state). In 

addition, the increase in apathy and disinhibition scores correlated 

with low 0 2  and high C02 levels.

• Patients with bulbar-onset disease were more likely to display an 

abnormal increase in disinhibition scores.

• Although behaviourally impaired patients tended to have higher 

rates of cognitive im pairm ent than behaviourally intact patients, the  

difference was not statistically significant.

• Neither behavioural impairm ent nor abnormal increase on a specific 

FrSBe subscale (e.g . apathy) was associated with higher rates of 

motor progression or with any significant effect on overall survival 

time.

• Segregation by C9orf72 status did not influence the above results.

• Segregation of by gender in the C9orf72 negative revealed a 

gender-specific pattern with regard to the clinical correlates of 

behavioural impairment.

344



• In  females, behavioural innpairment was associated with older age  

and worse outconne, while in males behavioural im pairm ent was  

associated with better prognosis. These gender-specific effects 

remained statistically significant in m ultivariate regression models  

tha t included baseline variables such as age, site of onset and 

baseline disease severity as well as the  presence of executive  

dysfunction.

• When C9orf72 negative behavioural FTLD patients w ere also 

segregated by gender, a similar effect was observed, with male  

patients having better prognosis compared to females.

The findings resulting from the exploratory study (1 )  which is concerned  

by social cognition in ALS can be summarized as follows:

• Social cognitive skills were tested using a well validated task of 

affective theory of mind (the  Reading the Mind in the Eyes task or 

RME) in a nested cohort of 54 ALS patients and 42  controls.

• ALS patients with no evidence of dem entia  displayed significantly 

worse performance on the RME compared to HC.

• Poor performance of the RME in ALS patients was associated with  

poor education, low ALSFRS-R bulbar sub-scores, and bulbar-onset  

of disease.

• The above findings were unchanged on excluding patients with  

known gene mutations.
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• Executive dysfunction was nnore common in patients with poor RME 

performance, particularly in patients with no known mutation.

• ALS patients' RME scores correlated with their scores on multiple 

neuropsychological tasks, particularly executive tasks and tasks 

with known contribution of frontal functions, such as imm ediate and 

delayed recall (but not retention or recognition) and visuo- 

construction.

• Linear regression analysis suggested that both executive 

dysfunction and bulbar-onset disease made significant and 

independent contributions to RME scores in ALS patients.

• In the cohort as a whole there was no association between 

behavioural im pairm ent and RME performance.

• On excluding patients with known gene mutations, a link between 

behavioural im pairm ent and RME scores emerged. Patients with 

abnormal RME scores tended to have higher rates of behavioural 

impairm ent. Behaviourally impaired patients had a significantly 

lower RME mean score compared to behaviourally intact patients, 

even after adjusting for executive function. These findings were not 

apparent prior to exclusion of the patients with C9orf72 gene 

mutation.
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• RME s co re s  in p a t ien t s  with no known m u t a t i o n s  co r re la ted  with 

Family-Rated  Apathy ,  disinhibition a n d  d y s e x e c u t iv e  behav ioura l  

scores .

• Ordinal r eg res s ion  s u g g e s t e d  t h a t  p r e s e n c e  of behav ioura l  

im p a i rm e n t  w a s  a s ignif icant  pred ic to r  of  ab n o rm a l  RME s c o re s  

a f te r  a d ju s t ing  for  s i te  of o n s e t  and  execu t ive  im pa i rm en t .

• Poor RME s c o r e s  a t  base l ine were  o b s e rv e d  in t h e  tw o  p a t i e n t s  w ho  

dev e lo p ed  behav ioura l  im pa i rm en t  a n d  n o n e  of t h e  p a t i e n t s  who 

didn ' t  deve lop  behavioura l  im pa i rm en t  on follow up.

11.1.4 Chapter 9, Results and Discussion Part IV, 

Longitudinal Evolution

The  f indings of  C h a p t e r  9 can  be s u m m a r i s e d  a s  follows

• Cognit ive im p a i rm en t ,  part icularly d e m e n t i a  a n d  ex ec u t iv e  

im p a i rm en t ,  p red ic ted  higher  r a t e s  of at tr i t ion  r a t e s  ( d u e  to  

physical  disability or  d e a th )  on longitudinal  following. This led to  an 

o v e r - r e p r e s e n t a t i o n  of pa t ien ts  who w e re  cognit ively in tac t  a t  

base l ine  in longitudinal  cohorts .

• In t h e  coho r t  of n o n - d e m e n te d  ALS p a t i e n t s  a s  a whole ,  

de te r io ra t ion  in cognit ive function o ver  t im e  c o m p a r e d  to  cont rols  

w as  only o b s e rv e d  on the  v i suo-cons t ruc t ion  ta sk .

1
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• On follow up, patients who were cognitively impaired at baseline 

(executive or non-executive) tended to display worse performance 

compared to healthy controls and cognitively intact patients, with 

significant differences on two tasks (confrontational naming and 

delayed recall verbal m em ory).

• Patients who were cognitively intact at baseline displayed a strong 

tendency to remain cognitively intact with tim e. I f  cognitive 

im pairm ent emerged with follow up it was most frequently in the 

form of non-executive cognitive impairm ent, particularly language 

changes.

• Patients with evidence of single-domain executive change at 

baseline tended to develop deficits in other cognitive domains on 

follow up (i.e . becoming multidomain).

• One fifth of patients who presented with non-executive cognitive 

im pairm ent (NECI) at baseline developed executive dysfunction on 

follow up (including all patients with initial multidomain NECI 

involvem ent).

• Three patients developed severe behavioural changes consistent 

with behavioural variant FTLD on follow up, all at the six-month  

follow up assessment. The rate of new onset comorbid dementia on 

follow up was higher in C9orf72-i- patients (2 /9 )  compared to 

patients with no evidence of the C9orf72 repeat expansion (1 /9 3 ).
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11.1.5 Chapter 10: Results and Discussion Part V, 

Exploratory Study (2): Naturally Occurring Prognostic 

Subgroups: A data led analysis

The  f indings of  c h a p t e r  10 can  be s u m m a r i s e d  a s  follows

• Clus te r  ana lys is  of  m o to r  decl ine (bu lba r ,  resp i ra to ry  and  limb 

func tion)  and  survival  t im e  pos t  f irst eva lua t ion  s u g g e s t e d  t h e  

p r e s e n c e  of t h r e e  p rognos t ic  c l u s t e r s / s u b g ro u p s .

• The  f irst c lus te r  (C lus te r  1) had th e  w ors t  p rognos is  and  d isp layed  

significantly h ighe r  r a t e s  of m o to r  dec l ine c o m p a r e d  to  o t h e r  tw o  

g ro u p s  part icularly overal l  m o to r  decl ine,  bu lba r  funct ional  decl ine  a 

re sp i ra to ry  decline.  It  w a s  n a m e d  Clus te r  1 Rapid p rog res s ion  Poor 

p rognos is -

• Clus te r  2 had  an in t e rm e d ia te  prognos is .  Motor p rog res s ion  in th is  

c lus te r  w a s  d o m i n a t e d  by decline limb function

• Clus te r  3 w as  ch a rac te r i zed  by slow r a t e s  of  m o t o r  decl ine and  

atypical  long survival  t ime .

• The  di f ference  in survival t im e  b e t w e e n  t h e  c lu s te r s  r e m a in e d  

signif icant  Even a f te r  ad jus t ing  for  base l ine  var iab les  such  a s  a g e ,  

sex  a n d  si te  of  o n s e t  and  d i s ea s e  seve r i ty  a t  base l ine  a s  e s t i m a t e d  

using t h e  ALSFRS-R.
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• Patients in Cluster 1 (Rapid Progression-poor prognosis subgroups) 

were more likely to be fem ale, to have bulbar-onset disease, to 

have lower educational attainm ent and to have a larger number of 

body regions involved at baseline.

• Patients in Cluster 1 (Rapid Progression-poor prognosis subgroups) 

also had significantly higher rates of retrospectively estimated  

bulbar decline.

• The incidence of executive dysfunction was significantly different 

among the three subgroups with highest rates of documented in 

Cluster 1-Rapid Progression-Poor Prognosis (4 1 .4 % ) and the lowest 

rate observed in Cluster 3-Atypical Long Survival Group, (4 .8 % ).

• Cluster 1-Rapid Progression-Poor Prognosis group had significantly 

worse mean scores compared to healthy controls on multiple tasks 

including all tasks of executive function.

• The above findings contrasted sharply with the cognitive 

performance of Cluster 3-Slow Progression-Atypical Long Survival) 

that differed from that of healthy controls on story recall and 

retention.

• Cognitive decline over tim e was most evident in Cluster 1-Rapid 

Progression-poor prognosis group with significant inter-group  

differences on the Boston Naming Test, the Brixton Spatial 

Anticipation task and the Raven's Coloured Progressive Matrices.
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• Behavioural  im p a i rm e n t  w as  not  a s s o c i a t e d  with a n y  specific 

s u b g ro u p  w hen  t h e  cohor t  w as  a n a l y s e d  a s  a whole.  H owever ,  

w hen  t h e  co h o r t  was  s e g r e g a t e d  by g e n d e r ,  behav ioura l  

im p a i rm e n t  w as  confined to  C lus te r  1 -R a p id -p ro g re s s io n -p o o r  

p rognos is )  in f em a les .  Converse ly,  all behav ioura l ly  im paired  m a le s  

be longed  to  e i the r  Cluster  2-Spinal  P ro g re s s i o n - In t e rm e d ia t e -  

P rognos is  or  Clus te r  3-Slow Progression-Atypica l  long survival) .

• Ordinal  r eg res s ion  analysis  s u g g e s t e d  t h a t  f em a le  s e x  a n d  

execu t ive  dysfunction  were  im p o r ta n t  p red ic to rs  of p red ic to rs  for 

Clus te r  1-Rapid Progress ion-Poor  Prognosis ) .

• A re t rospec t ive ly  e s t im a ted  bu lb a r  p rog res s ion  of  0 .0 8  

p o i n t s / m o n th s  or  m o re  and  be longing to  s t a g e  3 or  4 of t h e  

p ro p o s e d  Kings College London S tag ing  s y s t e m  (having  m o r e  th a n  

2 body  reg ions  involved or  requir ing n on - invas ive  vent i la t ion)  w e re  

also signif icant  pred ic to rs  of poor  p rognos is .

• The  h ighe s t  neg a t iv e  and  posit ive pred ic t ive v a lu es  for  C lus te r  1 

( th e  Clus te r  with poor prognosis )  w e re  o b ta in ed  suing a s imple  

a lgor i thm us ing only t h r e e  var iab les :  g e n d e r ,  t h e  p r e s e n c e / a b s e n c e  

of execu t ive  dysfunc tion and  th e  p r e s e n c e / a b s e n c e  of  behav ioura l  

im pa i rm en t .

• No base l ine  charac te r i s t ic  reliably d i f fe ren t ia ted  C u s te r  2-sp ina l  

P rog re s s io n - in te rm e d ia te  p rognos is  from Clus te r  3 -d e s p i t e  

s ignif icant  d if fe rences  in survival  t im e  b e t w e e n  th e  tw o  c lus te r s .
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sugges ting th a t  unidentified genet ic  or env ironmenta l  factors may 

be involved.

11.2 Limitations of the study

This s tudy has  several  limitations,  som e  of which a re  related to the  s tudy 

sample,  and so m e  to the  s tudy protocol.

Although the  s tudy sample  was  a popula tion-based sample,  median 

survival t ime in the  recruited cohort  was  significantly sho r te r  than  th a t  of 

patients  d iagnosed within the  s a m e  period who did not participate in the  

study (due  to non-cap ture  or  exclusion).  This difference seem ed  to be 

driven by the  older age  a t  sym ptom  onse t  in non-part ic ipants  as  well as 

an over- represen ta t ion  of aggress ive  forms of ALS, defined by death  

within six months  of diagnosis.  It is evident th a t  th e re  are  practical 

limitations to recruiting elderly patients  with very aggress ive  d isease  into 

a cognitive s tudy, regard less  of the  design of the  project .

In this context,  th e  s tudy sample  can be considered a reasonably 

accura te  represen ta t ive  of th e  ALS population a whole. However,  the  

implications of above finding to are  impor tant to consider.  The findings of 

s tudy su g g es t  t h a t  cognitively impaired pa tients  share  certain 

characteris t ics as t h e se  difficult to captu re  patients,  namely older age  and 

aggress ive  disease.  Consequent ly ,  the  t rue  ra te  of cognitive impairment 

may even by higher than  t h a t  reported in this study.
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P a t ien t  at tr i t ion w as  an  im p o r ta n t  c o n fo u n d e r  of  t h e  longitudinal  a s p e c t  of  

t h e  s tudy .  Pat ien t  at tr i t ion is inevitab le  in longitudinal  in ves t iga t ions  

involving ALS, a re len tless ly  p rog re s s ive  and  u l t im ate ly  fatal  illness. 

I n d e e d ,  pa t ien t  at tr i t ion limited m a n y  of t h e  p rev ious  longitudinal  s tu d ie s  

of cogni t ive funct ion in ALS pa t ien ts .  However ,  in thi s  s t u d y  th e  

inves t iga t ion  of  t h e  d e t e r m i n a n t s  of at tr i t ion provided  a va luab le  guide  to  

t h e  m a n n e r  by which at tr i t ion  m a y  h ave  af fec ted  t h e  resu lt s .  Higher  r a t e s  

of at tr i t ion  w ere  a s s o c ia ted  with p a t ien t s  w ho  w e re  cognit ively im pai red  a t  

base l ine ,  t h e  s a m e  p a t ien ts  who di sp layed  m o re  rapid r a t e s  of cognit ive  

decl ine .  This s u g g e s t e d  t h a t  t h e  minimal d e g r e e s  cognit ive decl ine 

d o c u m e n t e d  in ALS coho r t  a s  a whole  in th is  p ro jec t ,  a n d  in p rev ious  

longi tudinal  inves t iga t ions ,  is likely to  be a reflect ion of  t h e  fac t  t h a t  t h e  

p a t i e n t s  with m a rk e d  cognit ive de te r io ra t ion  a r e  likely to  be  t h e  s a m e  

p a t i e n t s  to  drop  o u t  d u e  to  physical disability or  d e a t h .

Although t h e  original s tu d y  coho r t  w as  la rge ( n > 2 0 0 ) ,  t h e  n u m b e r  of 

p a t i e n t s  with cer ta in  s u b g ro u p s ,  ( such  as  p a t ien t s  with t h e  C9orf72 r e p e a t  

e x p a n s io n  or  longitudinal  coho r t s  with ex ec u t iv e  funct ion a t  base l ine)  w as  

rela t ively  small .  This w as  re la ted  to p o p u la t io n -b a s e d  r e c r u i tm e n t  p ro c e s s  

which by defini tion w a s  blinded to  p a t i e n t  cha rac te r i s t i c s  such  a s  gene t ic  

or  cogni t ive s t a t u s .  This m a y  h a v e  limited t h e  p o w e r  of t h e  s tu d y  to  

identify fu r th e r  s ub t le  abnorm a l i t ie s  b e t w e e n  s u b g r o u p s .  Despite  th is  

l imitat ion m a n y  im p o r ta n t  o b s e rv a t io n s  e m e r g e d  f rom th is  body  of  work 

d u e  to  t h e  p o p u la t io n -b as ed  des ign of  t h e  s tudy ,  l imited exclusion criter ia ,  

a n d  la rge  ef fec ts  of  th e  ob s e rv a t io n s  t h e m s e lv e s .  However ,  it is e v iden t
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that recruitm ent of even larger samples may be necessary if more subtle 

inter-group characteristics are to be explored. .

Limitations related to the protocol are concerned mainly with the battery  

of neuropsychological tests used. The battery focused on executive and 

memory function, and because of the limitations imposed by patient 

fatigue, language and visuo-constructive deficits were screened for using 

a single task for each domain. This may have reduced the scope for 

identifying subtle deficits, and thus our findings in these cognitive 

domains require further more detailed investigations.

The copy trial of Rey-Osterrieth Complex Figure Test (ROCF) was used to 

screen for deficits in visuo-constructional abilities. This task was limited by 

its motor aspect, as the subjects are asked to reproduce a complex figure. 

Motor disability can affect the total tim e taken to draw the figure. The 

patients were scored on accuracy of the drawing. The tim e taken was not 

factored in scoring. It  is also worth noting that executive function is 

known to contribute to the organisational strategies required for accurate 

reproduction of the complex figure. Indeed the results of the study 

suggest that this test is highly sensitive to change to subtle changes in 

cognitive function in the ALS population. I t  was the only task in which 

significant difference in performance over tim e was observed between 

patients and controls. In addition there were significant inter-group  

differences on all aspects (copy and recall) of the task between the 

identified prognostic clusters, with the poorest performance in the cluster 

with the poorest bulbar function and overall survival.
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With respect to language function, the Boston Nanning test (BNT) was 

used because of published evidence indicating it is a sensitive test to nnild 

language impairnnent in patients with early dementia (Hodges et al 1991), 

and because of the added advantage that it can be used in patients with 

bulbar-onset disease. There is considerable published evidence that the 

BNT test yields rich and detailed information on lexical abilities that 

extends beyond the severity of word finding impairment. Qualitative 

examination of the errors, for example semantic errors versus problems in 

phonological processing, can help generate hypothesis for type of 

language problem present (Goldstein et al 2004; Diehl J et al 2005).

However, the results of this study suggest a larger role for language than 

previously recognised. Language dysfunction was second in frequency 

only to executive impairment. Language dysfunction was also the most 

common cognitive abnormality to emerge with time in patients who were 

cognitively intact at baseline. Language dysfunction was significantly more 

frequent in patients with a positive family history of ALS in the absence of 

known mutations. Thus more detailed examination of language, with task 

reported to be more sensitive in the ALS population, for example a 

sentence comprehension task or a task involving verb handling, is likely 

to yield highly useful information (Bak, 2010; Bak and Hodges, 2004; Bak 

et al., 2001).

Although the neuropsychological battery was designed to minimise the 

effects of motor and physical disability, three tasks were timed. 

Adjustment for physical disability was carried out in two of these tasks 

(phonemic verbal fluency and Stroop colour word interference task). No
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adjustm ent was made in case of category fluency. This may have 

resulted in lower scores in patients with bulbar dysfunction.

Premorbid FSIQ was not used in matching patients and controls. This is 

because it was estimated using a reading task, and as such was missing 

from a considerable proportion of patients, all of whom had considerable 

bulbar disability at baseline. However, controls were matched with regard 

age, sex and education. Of note, there was a significant correlation 

between education and premorbid FSIQ.

Subtle behavioural changes were evaluated using the FrSBe. As discussed 

in chapter 8, the FrSBe was not designed for ALS patients. The scale 

does not take into account the confounding effect of physical disability. 

Indeed, one item instructs the carer to evaluate if the patient has "slowed 

down". The m ajority of ALS patients have slowed down due to physical 

disability. Despite this limitation the FrsBe remains a useful and well 

validated behavioural scale and was recommended for use by the recent 

consensus statem ent (Strong et al., 2009).

Finally, body mass index (B M I) evaluations and respiratory investigations 

such as Forced Vital capacity (FVC) and Sniff nasal inspiratory pressure 

(SNIP) were not included in the protocol because of the practical 

limitations imposed by the population-based design of the study. Mobile 

transcutaneous sensor was used to document C 02 and 0 2  tissue tensions 

at tim e of assessment. This was to ensure that the observed cognitive 

changes were not simply a reflection of hypoxemia or C 02 retention. 

Notably, despite the association of executive dysfunction with respiratory
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progression, C02 levels at time of assessment were not significantly 

higher in patients with executive change compared to patients w ithout 

executive dysfunction. Thus, it is unlikely that the poor performance on 

executive was a consequence of poor respiratory function.

11.3 General Discussion

Notwithstanding the lim itations discussed above, the results of this project 

support the contention that cognitive and behavioural changes are not 

only common in ALS, but are also more diverse than previously 

recognised. Cognitive impairment was observed in approximately half the 

patient cohort. The first implication of this finding is that evidence-based 

data is urgently needed to guide in order to modify the multidisciplinary 

care provided to ALS patients by clinicians and other health care providers 

in a manner that would effectively accommodate these cognitive and 

behavioural changes, particularly in the context of reported effects on 

compliance and carer-burden (OIney et al 2005, Chio et al 2010, Merrilees 

et al., 2010).

The most common forms of cognitive impairment were co-morbid FTLD 

and executive execution. The data suggested that both entities, 

particularly executive dysfunction, are closely linked to an aggressive form 

of the disease with rapid bulbar and possibly respiratory decline and short 

overall survival.
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These findings provide a likely explanation to the wide variations in rates 

of cognitive im pairm ent reported by various groups, reliant on clinic- 

based, and by frequently prevalent patient cohorts. These findings also 

underscore the importance of stratifying for cognitive function in clinical 

trials for potential therapeutic agents

A previously unrecognised form of cognitive impairm ent, characterised by 

non-executive change was also observed. Although the incidence of these 

changes in ALS patients was not significantly higher than that documented  

in healthy controls, these changes displayed distinct characteristics such 

as prominent spinal progression, better prognosis, and the presence a 

family history of ALS in the absence of a known gene mutation. The 

biological implications as well as genetic underpinnings of these changes 

need more detailed examinations.

The longitudinal findings of the study demonstrated that cognitively intact 

patients are likely to be over-represented in longitudinal cohorts because 

of low attrition rates compared to patients with cognitive impairm ent. 

These patients also displayed a clear tendency to remain cognitively intact 

and to have slower rates of cognitive change with tim e. This suggests that 

patients with the evident cognitive decline are likely to be the same 

patients lost to attrition, which may explain, at least partially the mostly 

negative results of longitudinal studies to date.

Behavioural Im pairm ent was common (2 5 % ), particularly apathetic 

behaviour. Behavioural change was associated with physical disability and 

poor respiratory status.
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The gender  specific changes  in the  prognostic  effects of behavioural 

impairment are  novel observations ,  which s e e m  to be mirrored in patients  

with behavioural variant  FTLD. The basis of t h e se  sex  differences,  be it 

hormonal or genetic ,  needs  fur ther exploration.

ALS patients  displayed deficits in affective theory  mind abilities which 

s e e m e d  to be linked to behavioural  s ta tu s  of pa tients,  even after 

accounting for the  links with cognitive impairment  and bulbar d isease  

onset .  This may be explained by shared  anatomical correlates,  as  both 

apa thy  and affective theory  of mind have been  linked to orbitofrontal 

mesial  prefrontal cortex.  The suggestion the  social cognitive abnormalit ies 

may predict the  deve lopm ent  of behavioural change  with t ime is definitely 

worth fur ther examinat ion in larger cohorts.

The da ta  led investigation of prognostic subgroups  within the  ALS 

population confirmed the  close links be tween aggress ive  bulbar d isease,  

executive dysfunction, and poor overall prognosis.  These  associations may 

be explained by the  proposed m ethods  for propagat ion of the  motor  

a sp e c t s  of the  disease.

Ravits and La Spada  (2009) sugges ted  th a t  focal d isease  o nse t  and 

linear, active and directional spread may explain the  pa t te rns  of sp read  of 

m otor  d isease  in ALS patients.  More recently, Bak and Chandran (2012) e t  

al a rgued  tha t  extending this paradigm to the  cognitive manifestat ions  of 

ALS would explain the  overrepresen ta t ion  of bulbar involvement in 

patien ts  presenting with predominantly aphas ic  syndromes .
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Applying the simple principles of focal onset and orderly directional 

spread would explain why patients with focal onset in the motor neurons 

controlling bulbar muscles is likely, in the context of an aggressive disease 

process, have early executive changes. However, the expected rapid 

involvement of the frontal lobe would also be predicted to be lead 

language abnormalities. No definite link was observed in this study 

between aggressive disease and language dysfunction. This may be 

related to the task used to screen for language in this study. Although the  

Boston Naming Test identified frequent language deficits in the patient 

cohort (second only to executive dysfunction), there is evidence 

suggesting that confrontational naming tasks may not be as sensitive to 

language deficit in ALS as tasks involving sentence comprehension or 

spelling (Bak and Hodges, 2004). In addition, naming involves a complex 

multi-step process. The causation as well as the compensation for naming 

deficits has been linked to multiple foci, including non-frontal foci 

(Fridriksson et al., 2009; Fridriksson et al., 2007; Rohrer et al., 2008).

The association between memory dysfunction and spinal progression and 

ALS disease subtypes with overall better prognosis is even more difficult 

to explain with a simple theory based on uni-focal onset and linear 

spread. Similarly, the gender-specific pattern displayed by the prognostic 

effect of behaviour, and the impressive differences in survival between 

two patient clusters with only minor differences in rates of spinal 

progression are all observations that cannot be explained solely using 

such a theory.
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A more  complex hypothesis,  one  th a t  possibly a cco m m o d a te s  multi- 

focality, multiple pathological p rocesses  a n d /o r  genetic contributions,  may 

be required to provide an unifying explanation.

The overall results  of this s tudy su g g es t  th a t  the  cognitive and 

behavioural  s ta tus  of ALS patients  a t  an early of the  d isease  is not only a 

useful clinical biomarker,  but also likely to critical to the  success  of any 

a t t e m p t  to navigate  d isease  he terogeneity  in ALS.

11.4 Conclusion and Recommendations

In conclusion, the  current  evidence supports  the  contention th a t  ALS may 

be a spec t rum disease,  encompassing  subgroups  of differing pathologic 

m echan ism s  with varying prognoses,  and re sponse  to therapeu t ic  agents .

Focused research is needed  to inform clinicians on how to effectively tailor 

health care  plans in ALS to individual pa tient d isease  characterist ics,  

including cognitive and behavioural  s ta tus ,  and  consequen t  needs .

In addit ion,  the  results  of this project  indicate th a t  effective interpreta tion 

of da ta  pertaining to ALS pathogenes is  and the rapeu t ics  is likely to require 

evaluation of the  multifaceted na ture  of th e  disease.  This includes not 

only traditional markers ,  such as  site of o n se t  and disease  duration,  but 

also genet ic  m ake-up  and the p resence ,  deg ree  and pa t te rn  of not only 

m o to r  but also cognitive involvement.
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The findings of this thesis need to be replicated in a larger disease 

populations, with inclusion of even more detailed clinical data, such as 

laterality of onset (right versus left), degree of upper motor versus lower 

motor neuron involvement, and delay to involvement of a second or third 

body region as well as radiological and neuro-pathological input. This is 

likely to further improve our understanding of the link between cognitive 

and motor function, and possibly result in a unifying hypothesis.
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Appendix 1

The Revised El Escorial (or Airlie-House) criteria for diagnosis of 

Amyotrophic Lateral Sclerosis(Brooks et al., 2000)

• Definite ALS: Upper and lower motor neurone signs in at least three 

body regions (upper limb, lower limb, bulbar, thoracic).

• Clinically probable ALS: Upper and lower motor neurone signs in at 

least two regions, with some upper motor neurone signs necessarily 

rostral to the lower motor neurone signs.

• Clinically probable laboratory-supported ALS: Clinical signs of upper 

and lower motor neurone dysfunction in only one region, or when 

upper motor neurone signs alone are present in one region and 

lower motor neurone signs defined by electromyographic criteria 

are present in at least two limbs, with proper application of 

neuroimaging and clinical laboratory protocols to exclude other 

causes.

• Clinically possible ALS'. Clinical signs of upper and lower motor 

neurone dysfunction are found together in only one region, or upper 

motor neurone signs are found alone in two or more regions, or 

lower motor neurone signs are found rostral to upper motor 

neurone signs and the diagnosis of clinically probable: laboratory- 

supported ALS cannot be proven by evidence on clinical grounds in 

conjunction with electrodiagnostic, neurophysiological, 

neuroimaging or clinical laboratory studies. Other diagnoses must 

have been excluded.
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Appendix-2

Awaji-Shima consensus recommendations for diagnostic 

categories of ALS(de Carvalho et a!., 2008)

• Clinically definite ALS: Clinical or electrophysiological evidence of 

lower and upper motor neurone signs in the bulbar region and at 

least two spinal regions, or the presence of lower and upper motor 

neurone signs in three spinal regions.

• Clinically probable ALS: Clinical or electrophysiological evidence of

lower or upper motor neurone signs in at least two regions with

some upper motor neurone signs necessarily rostral to (above) the 

lower motor neurone signs.

• Clinically possible ALS\ Clinical or electrophysiological signs of

upper and lower motor neurone dysfunction are found in only one 

region; or upper motor neurone signs are found alone in two or 

more regions; or lower motor neurone signs are found rostral to 

upper motor neurone signs. Neuroimaging and clinical laboratory 

studies must have been performed and other diagnoses must have 

been excluded.
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Appendix 3 
Patient Consent Form
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PATIENT CONSENT FORM  (Researcher’s Copy)

A population based survey of cognitive decline in M otor Neuron Disease: genetic determ inai
within a population isolate

Principal Investigator: Prof. Orla Hardiman  
Co-Investigators: Dr. Niall Pender,

Dr. M arwa Elamin

Please tick the appropriate answer.

• I confirm that I have read and understood the Patient Information Leaflet dated
______________attached, and that I have had ample opportunity to ask questions all o f
which have been satisfactorily answered.

□Yes DNo

• I understand that my participation in this study is entirely voluntary and that I may 
withdraw at any time, without giving reason, and without this decision affecting my 
future treatment or medical care

□Yes □No

•  I understand that my records may be viewed by responsible individuals with delegated 
authority from the Beaumont Hospital ethics committee and by representatives o f  Health 
Authorities.

□Yes DNo

•  I understand that my identity will remain confidential at all times.
□Yes □No

• I am aware o f  the potential risks o f this research project.
□Yes □No

• I have been given a copy o f the Patient Information Leaflet and this Consent form for my 
records.

□Yes □No

• I agree that I will not restrict the use to which the resuhs o f this study m ay be put. I give 
my approval that anonymous data concerning my person may be stored or electronically 
processed for the purpose o f  scientific research and may be used in related or other 
studies in the future. (This would be subject to approval by an independent body that
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safeguards the welfare and rights o f  people in biom edical research studies - the Beaumont 
Hospital Ethics (Medical Research) Committee.)

□Yes DNo

P atien t_________________
Signature and date

Researcher__________________
Signature and date

Name in block capitals

Name in block capitals
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Appendix 4
Patient Information leaflet and Consent Form for Genetic Testing

_____________________________ Patient name and Medical record number

Beaumont Hospital 
PATIENT INFORMATION LEAFLET FOR GENETIC STUDIES 

Title of Project: A population-based case-controlled study of genetic risk factors 
for the development of motor neurone disease

Principle investigators: Orla Hardiman, Simon Cronin, Matt Greenway, 
Catherine lynch, Bryan J Traynor, Dan Bradley

You are being asked to take part in a clinical research study carried out at Beaumont 
Hospital. Before you decide whether or not you wish to take part, you should read the 
information provided below carefully and if you wish discuss it with your family, 
friends or GP. Take time to ask questions -  do not feel rushed or under any obligation 
to make a hasty judgement. You should clearly understand the risks and benefits of 
participating in this study so that you can make a decision that is right for you -  this 
process is known as Informed Consent.
You may change your mind at any time (before the start of the study or even after you 
have commenced the study) for whatever reason without having to justify your 
decision and without any negative impact on the care you will receive from the 
medical staff.

PURPOSE OF RESEARCH
You have been asked to participate in a research study o f Motor Neuron 

Disease (MND). The overall aim o f the study is to determine whether certain genes 
increase the risk for developing MND.
The identification of new genes may improve diagnosis and may lead to improved 
therapy. We will look for new genes and the proteins they make from blood samples.

WHO IS DOING THE STUDY
The study is being done by Prof Hardiman and her team in association with 
international collaborators as part of an ongoing project on the causes o f MND. The 
current work is being funded in part by the Heath Research Board, the Charitable 
Infirmary Charitable Trust, IRCSET, Muscular Dystrophy American (MDA) and the 
Motor Neurone Disease Associations (UK and Ireland).

PROCEDURE
If you agree to participate in this study may have a medical examination in 

some cases.
You will be asked to donate a venous blood sample will be obtained 

(approximately 20mls, or 4 tablespoons). Hospitalisation will not be necessary. The 
blood sample will be used for genetic studies DNA samples will be stored at the 
National Centre for Medical Genetics, Our Lady’s Hospital, Crumlin.

RISKS AND DISCOMFORTS
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The blood sample is usually taken from a vein in the arm. The risks are minor. 
Occasionally there can be minimal blood loss, swelling or tenderness at the insertion 
site o f  the needle.

BENEFITS
There is no immediate benefit to you in participating from this study.

USE OF DATA
Your personal details will be made anonymous, and will be entered into a secure file 
o f  a computer.

USE OF SPECIMENS
Blood removed from you during the course o f the study may be valuable for 
scientific, research or teaching purposes. We are asking you to authorise P ro f 
Hardiman and members o f her team to use your DNA for these purposes. The results 
o f the genetic tests will not be made available to or to any party involved in your 
medical care, other than the research team. As this work is research based, we cannot 
provide you with the individual results o f genetic studies performed on your DNA. 
Future tests on your DNA, other than those specified, will require separate approval 

by the Beaumont Hospital Ethics (Medical Research) Committee.
All samples will be destroyed if  you decide to withdraw from the study.

CONFIDENTIALITY
The investigators may request infonnation about your condition from your General 
Practitioner and the physician, usually the neurologist, who made the diagnosis. This 
information will then be converted to a form where patients cannot be identified by 
information held on the database.
The information will be stored in the research file at Beaumont Hospital, in 
accordance with the Data Protection Act. You can obtain a copy o f  this entry if  you 
wish.

If  the data are used for publication in the medical literature or for teaching purposes, 
no names or other identifiers will be used.

REQUEST FOR FURTHER INFORMATION
You m ay ask more questions about the study at any time. Dr. Cronin or P rof 
Hardiman are available at Beaumont hospital P ro f Hardiman’s telephone number is 
087 2557316 she is available to answer questions or concerns.
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M edical consent Form: G EN E TIC S STU D Y

Title o f Project: A population-based case-controlled study of genetic risk factors
for the developm ent o f m otor neurone disease

Principle investigators: O rla H a rd im a n ,, Sim on C ronin, M att G reenw ay,
C atherine Lynch, D an Traynor.
Please tick the appropriate answer.

• I confirm that I have read and understood the Patient Information Leaflet dated
____________________ attached, and that I have had ample opportunity to ask questions
all of which have been satisfactorily answered. DYes DNo

• I understand that my participation in this study is entirely voluntary and that I may
withdraw at any time, without giving reason, and without this decision effecting my 
future treatment or medical care. DYes

□No

• I understand that my records may be viewed by responsible individuals with delegated 
authority from Prof .Hardiman and her research team DYes DNo

• I understand that my identity will remain confidential at all times. DYes DNo

• I am aware of the potential risks of this clinical study DYes DNo

• I have been given a copy of the Patient Information Leaflet and this Consent form for my 
records. DYes DNo

• I agree that I will not restrict the use to which the results of this study may be put. I give 
my approval that anonymous data/specimens concerning my person may be stored or 
electronically processed for the purpose of scientific research and may be used in related 
or other studies in the future. (This would be subject to approval by an independent body 
which safeguards the welfare and rights o f people in biomedical research studies - the 
Beaumont Hospital Ethics (Medical Research) Conrmiittee.) DYes DNo

Patient Signature and dated Name in block capitals

Witness Signature and dated Name in block capitals

To be completed by the Principal Investigator or her nominee.
I the undersigned, have taken the time to fully explained to the above patient the nature and 
purpose of this study in a manner that he/she could understand. I have explained the risks 
involved, the experimental nature of the treatment, as well as the possible benefits and have 
invited him/here to ask questions on any aspect of the study that concerned them.

Signature, qualifications and date Name in block capitals

In accordance with Good Clinical Practice if there is a dependent relationship between 
the Physician and the Subject then another physician should obtain consent. Likewise
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the person obtaining consent should be fully conversant with the study and be suitably 
trained  and qualified.
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Appendix 5:

The Revised ALS Functional Rating Scale f ALSFRS-R^

1. Speech 4 Normal speech processes

3 Detectable speech disturbance

2 Intelligible with repeating

1 Speech combined with non-vocal communication

0 Loss of useful speech

2. Salivation 4 Normal

3 Slight but definite excess of saliva in mouth; night 

time drooling

2 Moderately excessive saliva; may have minimal 

drooling

1 Marked excess of saliva with some drooling

0 Marked drooling; requires constant tissue or 

handkerchief

3. Swallowing 4 Normal eating habits

3 Early eating problems — occasional choking

2 Dietary consistency changes

1 Needs supplemental tube feeding

0 NPO (exclusively parenteral or enteral feeding)



4. Handwriting 4 Normal

3 Slow or sloppy: all words are legible

2 Not all words are legible

1 Able to grip pen but unable to write

0 Unable to grip pen

5a.Cutting food and handling utensils (patien ts  w ithout 

gastrostom y)? 4. Normal

3 Somewhat slow and clumsy, but no help needed

2 Can cut most foods, although clumsy and slow; 

some help needed

1 Food must be cut by someone, can still feed slowly 

0 Needs to be fed

5b. Patients w ith  gastrostom y

4. Normal

3 Clumsy but performs all manipulations independently 

2 Some help needed with closures and fasteners 

1 Provides minimal assistance to caregiver 

0 Unable to perform any aspect of task



6. Dressing and hygiene

4 Normal function

3 Independent and complete self-care with effort or 

decreased efficiency

2 In te rm itten t assistance or substitute methods

1 Needs attendant for self-care

0 Total dependence

7. Turning in bed and adjusting bed clothes

4 Normal

3 Somewhat slow and clumsy, but no help needed

2 Can turn alone or adjust sheets, but with great 

difficulty

1 Can initiate, but not turn or adjust sheets alone

0 Helpless

8. W alking 4 Normal

3 Early ambulation difficulties

2 Walks with assistance

1 Non-ambulatory functional movement 

0 No purposeful leg movement
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9. Climbing stairs

4 Normal 

3 Slow

2 Mild unsteadiness or fatigue

1 Needs assistance

0 Cannot do

10. Dyspnea 4 None

3 Occurs when walking

2 Occurs with one or more of the following: eating, 

bathing, dressing (ADL)

1 Occurs at rest, difficulty breathing when either 

sitting or lying

0 Significant difficulty, considering using mechanical 

respiratory support

11. Orthopnea 4 None

3 Some difficulty sleeping at night due to shortness of 

breath, does not routinely use more than two pillows

2 Needs extra pillows in order to sleep (>2 )

1 Can only sleep sitting up 

0 Unable to sleep
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12. Respiratory insufficiency

4 None

3 In term ittent use of BiPAP

2 Continuous use of BiPAP during the night

1 Continuous use of BiPAP during the night and day

0 Invasive mechanical ventilation by intubation 

tracheostomy.



Appendix 6 

The Nearv (Manchester Lund^Criteria 

1. The clinical diagnostic features of Behavioural Variant FTLD :

Clinical p ro file : Character change and disordered social conduct are the 

donninant features in itia lly  and th roughou t the disease course. 

Instrum enta l functions o f perception, spatial skills, praxis, and m em ory 

are intact or re la tive ly well preserved.

I. Core diagnostic features

A. Insidious onset and gradual progression

B. Early decline in social interpersonal conduct

C. Early im pairm ent in regulation of personal conduct

D. Early em otional blunting

E. Early loss o f insight

I I  Supportive diagnostic features  

A. Behavioural disorder

1. Decline in personal hygiene and groom ing

2. Mental rig id ity  and inflexib ility
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3. Distractibility and impersistence

4. Hyper-orality and dietary changes

5. Perseverative and stereotyped behaviour

6. Utilization behaviour

B. Speech and language

1. Altered speech output

a. Aspontaneity and economy of speech

b. Press of speech

2. Stereotypy of speech

3. Echolalia

4. Perseveration

5. Mutism

C. Physical signs

1. Primitive reflexes 2. Incontinence

3. Akinesia, rigidity, and trem or 4. Low and labile blood pressure



D. Investigations

1. Neuropsychology: significant impairment on frontal lobe tests in 

the absence of severe amnesia, aphasia, or perceptuospatial disorder

2. Electroencephalography: normal on conventional EEG despite 

clinically evident dementia

3. Brain imaging (structural and/or functional): predominant frontal 

and/or anterior temporal abnormality

2. The clinical diagnostic features of progressive nonfluent aphasia 

variant of FTLD

Clinical profile : Disorder of expressive language is the dominant feature 

initially and throughout the disease course. Other aspects of cognition are 

intact or relatively well preserved.

I. Core diagnostic features

A. Insidious onset and gradual progression

B. Nonfluent spontaneous speech with at least one of the 

following: agrammatism, phonemic paraphasias, anomia
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I I  Supportive diagnostic features

A. Speech and language

1. Stuttering or oral apraxia

2. Im paired repetition

3. Alexia, agraphia

4. Early preservation of word meaning

5. Late mutism

B. Behaviour

1. Early preservation of social skills

2. Late behavioural changes similar to FTD

C. Physical signs: late contralateral primitive reflexes,

akinesia, rigidity, and trem or

D. Investigations

1. Neuropsychology: nonfluent aphasia in the absence of severe 

amnesia or perceptuospatial disorder

2. Electroencephalography: normal or minor asymmetric slowing
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3. Brain imaging (structural and/or functional): asymmetric

abnormality predominantly affecting dominant (usually left) hemisphere

3. The clinical diagnostic features semantic aphasia variant of 

FTLD

Clinical profile: Semantic disorder (impaired understanding of word 

meaning and or object identity) is the dominant feature initially and 

throughout the disease course. Other aspects of cognition, including 

autobiographic memory, are intact or relatively well preserved.

I. Core diagnostic features

A. Insidious onset and gradual progression

B. Language Disorder characterized by

1. Progressive, fluent, empty spontaneous speech

2. Loss of word meaning, manifest by impaired naming and 

comprehension

3. Semantic paraphasias and/or

C. Perceptual disorder characterized by

1. Prosopagnosia: impaired recognition of identity of familiar 

faces and/or
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2. Associative agnosia: impaired recognition of object identity 

D Preserved perceptual matching and drawing reproduction 

E. Preserved single-word repetition

E.Preserved ability to read aloud and write to dictation 

orthographically regular words

I I  Supportive diagnostic features

A. Speech and language

1. Press of speech

2. Idiosyncratic word usage

3. Absence of phonemic paraphasias

4. Surface dyslexia and dysgraphia

5. Preserved calculation

B. Behaviour

1. Loss of sympathy and empathy

2. Narrowed preoccupations

3. Parsimony
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C. Physical s igns

1. A b se n t  or  late  primit ive re flexes

2. Akinesia,  rigidity, and  t r e m o r  

D Inves t iga t ions

1 N europsycho logy

(i) Profound s e m a n t i c  loss,  m a n i fe s t  in fai lure of word 

co m p re h e n s io n  a n d  nam ing  a n d / o r  face a n d  o b je c t  recognit ion

(ii) P re s e rv ed  phonology  and  s y n tax ,  a n d  e l e m e n t a r y  pe rcep tua l  

p rocess ing ,  spat ia l  skills, and  d a y - to - d a y  m emor iz ing

2. E lec t ro e n cep h a lo g ra p h y :  normal

3. Brain imag ing  (s t ruc tu ra l  a n d / o r  funct iona l) :  p r e d o m i n a n t  an te r io r  

t e m p o ra l  ab n o rm a l i ty  ( s y m m e t r i c  or  a s y m m e t r i c ) .
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Appendix 7

Revised Diagnostic Features of behavioral variant Frontotemporal Dementia

Adapted from Rascovsky K, Hodges JR, Knopman D, Mendez MF, Kramer JH, Neuhaus J, e t al. Sensitivity o f revised 

diagnostic criteria fo r the behavioural variant o f frontotemporal dementia. Brain : a jou rna l o f neurology.2011;134(Pt 

9):2456-77.

Possible bvFTD Probable bvFTD Definite bvFTD
Early behavioral disinhibition Meets all diagnostic criteria for 

possible bvFTD
Meets all criteria for possible or 
probable bvFTD

Apathy or inertia Imaging results consistent v îth 
bvFTD

Histopathological evidence of 
FTLD

Loss of sympathy or empathy Presence of a known pathogenic 
mutation

Perseverative, stereotypic, or 
compulsive behaviors
Dietary changes or hyperorality
Neuropsychiatric evaluation showing 
executive dysfunction v\/ith relative 
sparing of visuospatial function and 
memory

FTDC = International Behavioral Variant FTD Criteria Consortium; bvFTD = Behavioral Variant Frontotemporal 
Dementia

384





References

The Population Division DoEaSAUNS. World Population Prospects: the
2006 revision, www un org 2007.
AARSLAND, D., KVALOY, J. T., ANDERSEN, K., LARSEN, J. P., TANG, M. X., 

LOLK, A., KRAGH-SORENSEN, P. & MARDER, K. 2007. The effect o f age 
o f onset of PD on risk of dementia. J  Neurol, 254, 38-45.

ABDULLA, M. N., SOKRAB, T. E., EL TAHIR, A., SIDDIG, H. E. & ALI, M. E. 
1997. Motor neurone disease in the tropics: findings from Sudan. East Afr 
Med J. lA, 46-8.

ABE, K., FUJIMURA, H., TOYOOKA, K., SAKODA, S., YORIFUJI, S. &
YANAGIHARA, T. 1997. Cognitive fianction in amyotrophic lateral sclerosis. 
J Neurol Sci, 148,95-100.

ABRAHAMS, S. 2011. Social cognition in amyotrophic lateral sclerosis. 
Neurodegenerative Disease Management, 1, 397-405.

ABRAHAMS, S., GOLDSTEIN, L. H., AL-CHALABI, A., PICKERING, A.,
MORRIS, R. G., PASSINGHAM, R. E., BROOKS, D. J. & LEIGH, P. N.
1997. Relation between cognitive dysfunction and pseudobulbar palsy in 
amyotrophic lateral sclerosis. J Neurol Neurosurg Psychiatry, 62, 464-72.

ABRAHAMS, S., GOLDSTEIN, L. H., KEW, J. J., BROOKS, D. J., LLOYD, C. M., 
FRITH, C. D. & LEIGH, P. N. 1996. Frontal lobe dysfunction in amyotrophic 
lateral sclerosis. A PET study. Brain, 119 ( Pt 6), 2105-20.

ABRAHAMS, S., GOLDSTEIN, L. H., LLOYD, C. M., BROOKS, D. J. & LEIGH,
P. N. 1995. Cognitive deficits in non-demented amyotrophic lateral sclerosis 
patients: a neuropsychological investigation. J  Neurol Sci, 129 Suppl, 54-5.

ABRAHAMS, S., GOLDSTEIN, L. H., SIMMONS, A., BRAMMER, M.,
WILLIAMS, S. C., GIAMPIETRO, V. & LEIGH, P. N. 2004. Word retrieval 
in amyotrophic lateral sclerosis: a functional magnetic resonance imaging 
sXxxdy. Brain, 127, 1507-17.

ABRAHAMS, S., GOLDSTEIN, L. H., SUCKLING, J., NG, V., SIMMONS, A., 
CHITNIS, X., ATKINS, L., WILLIAMS, S. C. & LEIGH, P. N. 2005a. 
Frontotemporal white matter changes in amyotrophic lateral sclerosis. J  
Neurol, 252,321-31.

ABRAHAMS, S., LEIGH, P. N. & GOLDSTEIN, L. H. 2005b. Cognitive change in 
ALS: a prospective study. Neurology, 64, 1222-6.

ABRAHAMS, S., LEIGH, P. N., HARVEY, A., VYTHELINGUM, G. N., GRISE, D. 
& GOLDSTEIN, L. H. 2000. Verbal fluency and executive dysfunction in 
amyotrophic lateral sclerosis (ALS). Neuropsychologia, 38, 734-47.

ABU-AKEL, A. & SHAMAY-TSOORY, S. 2011. Neuroanatomical and
neurochemical bases o f theory of mind. Neuropsychologia, 49, 2971-84.

ADAMS, R. B., JR., RULE, N. O., FRANKLIN, R. G., JR., WANG, E.,
STEVENSON, M. T., YOSHIKAWA, S., NOMURA, M., SATO, W., 
KVERAGA, K. & AMBADY, N. 2010. Cross-cultural reading the mind in the 
eyes: an fMRI investigation. J  Cogn Neurosci, 22, 97-108.

ADENZATO, M., CAVALLO, M. & ENRICI, I. 2010. Theory o f mind ability in the 
behavioural variant of frontotemporal dementia: an analysis o f the neural, 
cognitive, and social levels. Neuropsychologia, 48, 2-12.

ADOLPHS, R. 2009. The social brain: neural basis o f social knowledge. Annu Rev 
Psychol. 60, 693-716.

386



ADOLPHS, R., BARON-COHEN, S. & TRANEL, D. 2002. Impaired recognition of 
social emotions following amygdala damage. J  Cogn Neurosci, 14, 1264-74.

AGOSTA, F., CANU, E., VALSASINA, P., RIVA, N., PRELLE, A., COMI, G. & 
FILIPPI, M. 2012. Divergent brain network connectivity in amyotrophic 
lateral sclerosis. Neurohiol Aging.

AL-CHALABI, A., FANG, F., HANBY, M. F., LEIGH, P. N., SHAW, C. E., YE, W. 
& RIJSDIJK, F. 2010. An estimate o f  amyotrophic lateral sclerosis heritability 
using twin data. J  Neurol Neurosurg Psychiatry, 81, 1324-6.

AL-CHALABI, A., JONES, A., TROAKES, C., KING, A., AL-SARRAJ, S. & VAN 
DEN BERG, L. H. 2012. The genetics and neuropathology o f  amyotrophic 
lateral sclerosis. Acta Neuropathol, 124, 339-52.

AL-CHALABI, A. & LEIGH, P. N. 2005. Trouble on the pitch: are professional
football players at increased risk o f developing amyotrophic lateral sclerosis? 
Brain, 128,451-3.

AL-SARRAJ, S., KING, A., TROAKES, C., SMITH, B., MAEKAWA, S., BODI, I., 
ROGELJ, B., AL-CHALABI, A., HORTOBAGYI, T. & SHAW, C. E. 2011. 
p62 positive, TDP-43 negative, neuronal cytoplasmic and intranuclear 
mclusions in the cerebellum and hippocampus define the pathology o f 
C9orf72-linked FTLD and MND/ALS. Acta Neuropathol, 122, 691-702.

ALCAZ, S., JAREBINSKI, M., PEKMEZOVIC, T., STEVIC-MARINKOVIC, Z., 
PAVLOVIC, S. & APOSTOLSKI, S. 1996. Epidemiological and clinical 
characteristics o f  ALS in Belgrade, Yugoslavia. Acta Neurol Scand, 94, 264-8.

ALLAIN, P., HAVET-THOMASSIN, V., VERNY, C., GOHIER, B., LANCELOT, 
C., BESNARD, J., FASOTTI, L. & LE GALL, D. 2011. Evidence for deficits 
on different components o f  theory o f mind in Huntington's disease. 
Neuropsychology.

ALONSO A, LOGROSCINO G, JICK SS, HERN AN MA. 2010. Association o f 
smoking with amyotrophic lateral sclerosis risk and survival in men and 
women: a prospective ^ixxAy.BMC Neurol. 2010;10:6.

ALTMAN, D. 1991. Practical Statistics fo r  Medical Research, London, UK., 
Chapman and Hall.

ALVES CJ, DE SANTANA LP, DOS SANTOS AJ, DE OLIVEIRA GP, DUOBLES 
T, SCORISA JM, MARTINS RS, MAXIMINO JR, CHADI G. 2011. Early 
motor and electrophysiological changes in transgenic mouse model o f 
amyotrophic lateral sclerosis and gender differences on clinical outcome.
Brain 7?e5,7;1394:90-104.

AMODIO, D. M. & FRITH, C. D. 2006. Meeting o f minds: the medial frontal cortex 
and social cognition. Nat Rev Neurosci, 7, 268-77.

ANDERSEN, P. M. 2012. Mutation in C9orf72 changes the boundaries o f ALS and 
¥TD. Lancet Neurol, 11,205-7.

ANDERSEN, P. M. & AL-CHALABI, A. 2011. Clinical genetics o f amyotrophic 
lateral sclerosis: what do we really know? Nat Rev Neurol, 7, 603-15.

ANNEGERS, J. F., APPEL, S., LEE, J. R. & PERKINS, P. 1991. Incidence and 
prevalence o f amyotrophic lateral sclerosis in Harris County, Texas, 1985- 
1988. Arch Neurol, 48, 589-93.

ARAI, T., HASEGAWA, M., AKIYAMA, H., IKEDA, K., NONAKA, T., MORI, H., 
MANN, D., TSUCHIYA, K., YOSHIDA, M., HASHIZUME, Y. & ODA, T. 
2006. TDP-43 is a component o f ubiquitin-positive tau-negative inclusions in 
frontotemporal lobar degeneration and amyotrophic lateral sclerosis. Biochem 
Biophys Res Commun, 351, 602-11.

387



ARIATTI, A., BENUZZI, F. & NICHELLI, P. 2008. Recognition of emotions from 
visual and prosodic cues in Parkinson's disease. Neurol Sci, 29, 219-27.

ARIGHI, A., FUMAGALLI, G. G., JACINI, F., FENOGLIO, C., GHEZZI, L.,
PIETROBONI, A. M., DE RIZ, M., SERPENTE, M., RIDOLFl, E., BONSI, 
R., BRESOLIN, N., SCARP INI, E. & GALIMBERTI, D. 2012. Early Onset 
Behavioral Variant Frontotemporal Dementia due to the C90RF72 
Hexanucleotide Repeat Expansion; Psychiatric Clinical Presentations. J  
Alzheimers Dis.

ARMON, C., GRAVES, M. C., MOSES, D., FORTE, D. K., SEPULVEDA, L., 
DARBY, S. M. & SMITH, R. A. 2000. Linear estimates of disease 
progression predict survival in patients with amyotrophic lateral sclerosis. 
Muscle Nerve, 23, 874-82.

ASSOGNA, F., PONTIERI, F. E., CRAVELLO, L., PEPPE, A., PIERANTOZZI, M., 
STEFANI, A., STANZIONE, P., PELLICANO, C., CALTAGIRONE, C. & 
SPALLETTA, G. 2010. Intensity-dependent facial emotion recognition and 
cognitive fiinctions in Parkinson's disease. J In t Neuropsychol Soc, 16, 867-76.

AVIEZER, H., BENTIN, S., HASSIN, R. R., MESCHINO, W. S., KENNEDY, J.,
GREWAL, S., ESMAIL, S., COHEN, S. & MOSCOVITCH, M. 2009. Not on 
the face alone: perception of contextualized face expressions in Huntington's 
disease. Brain, 132, 1633-44.

AYALA, Y. M., ZAGO, P., D’AMBROGIO, A., XU, Y. F., PETRUCELLI, L., 
BURATTI, E. & BARALLE, F. E. 2008. Structural determinants o f the 
cellular localization and shuttling o f TDP-43. J  Cell Sci, 121, 3778-85.

BAK, T. H. 2010. Motor neuron disease and frontotemporal dementia: One, two, or 
three diseases? Ann Indian Acad Neurol, 13, S81-8.

BAK, T. H. & CHANDRAN, S. 2012. What wires together dies together: verbs,
actions and neurodegeneration in motor neuron disease. Cortex, 48, 936-44.

BAK, T. H. & HODGES, J. R. 2001. Motor neurone disease, dementia and aphasia: 
coincidence, co-occurrence or continuum? J  Neurol, 248, 260-70.

BAK, T. H. & HODGES, J. R. 2004. The effects of motor neurone disease on 
language: further evidence. Brain Lang, 89, 354-61.

BAK, T. H., O'DONOVAN, D. G., XUEREB, J. H., BONIFACE, S. & HODGES, J. 
R. 2001. Selective impairment of verb processing associated with pathological 
changes in Brodmann areas 44 and 45 in the motor neurone disease-dementia- 
aphasia syndrome. 124, 103-20.

BARMADA, S. J., SKIBINSKI, G., KORB, E., RAO, E. J., WU, J. Y. &
FINKBEINER, S. 2010. Cytoplasmic mislocalization of TDP-43 is toxic to 
neurons and enhanced by a mutation associated with familial amyotrophic 
lateral sclerosis. JNeurosci, 30, 639-49.

BARON-COHEN, S., JOLLIFFE, T., MORTIMORE, C. & ROBERTSON, M. 1997. 
Another advanced test of theory of mind: evidence from very high functioning 
adults with autism or asperger syndrome. J  Child Psychol Psychiatry, 38, 813- 
22 .

BARON-COHEN, S., RING, H. A., WHEELWRIGHT, S., BULLMORE, E. T., 
BRAMMER, M. J., SIMMONS, A. & WILLIAMS, S. C. 1999. Social 
intelligence in the normal and autistic brain: an fMRI study. Eur J  Neurosci,
11, 1891-8.

BATHGATE, D., SNOWDEN, J. S., VARMA, A., BLACKSHAW, A. & NEARY,
D. 2001. Behaviour in frontotemporal dementia, Alzheimer's disease and 
vascular dementia. Acta Neurol Scand, 103, 367-78.

388



BATTISTINI, S., GIANNINI, F., GRECO, G., BIBBO, G., FERRERA, L., MARINI, 
V., CAUSARANO, R., CASULA, M., LANDO, G., PATROSSO, M. C., 
CAPONNETTO, C., ORIGONE, P., M AROCCHI, A., DEL CORONA, A., 
SICILIANO, G., CARRERA, P., MASCIA, V., GIAGHEDDU, M., 
CARCASSI, C., ORRU, S., GARRE, C. & PENCO, S. 2005. SODl mutations 
in amyotrophic lateral sclerosis. Results from a multicenter Italian study. J  
Neurol, 252, 782-8.

BEDIOU, B., RYFF, I., MERCIER, B., M ILLIERY, M., HENAFF, M. A.,
D'AMATO, T., BONNEFOY, M., VIGHETTO, A. & KROLAK-SALMON,
P. 2009. Impaired social cognition in mild Alzheimer disease. J  Geriatr 
Psychiatry Neurol, 22, 130-40.

BEGHI, E., CHIO, A., COURATIER, P., ESTEBAN, J., HARDIMAN, O., 
LOGROSCINO, G., MILLUL, A., MITCHELL, D., PREUX, P. M., 
PUPILLO, E., STEVIC, Z., SWINGLER, R., TRAYNOR, B. J., VAN DEN 
BERG, L. H., VELDINK, J. H. & ZOCCOLELLA, S. 2011. The 
epidemiology and treatment o f ALS: focus on the heterogeneity o f  the disease 
and critical appraisal o f therapeutic trials. Amyotroph Lateral Scler, 12, 1-10.

BEGHI, E., MENNINI, T., BENDOTTI, C., BIGINI, P., LOGROSCINO, G., CHIO, 
A., HARDIMAN, O., MITCHELL, D., SWINGLER, R., TRAYNOR, B. J. & 
AL-CHALABI, A. 2007. The heterogeneity o f  amyotrophic lateral sclerosis: a 
possible explanation o f treatment failure. Curr M ed Chem, 14, 3185-200.

BENAJIBA, L., LE BER, I., CAMUZAT, A., LACOSTE, M., THOMAS-
ANTERION, C., COURATIER, P., LEGALLIC, S., SALACHAS, F., 
HANNEQUIN, D., DECOUSUS, M., LACOMBLEZ, L., GUEDJ, E., 
GOLFIER, V., CAMU, W., DUBOIS, B., CAMPION, D., MEININGER, V.
& BRICE, A. 2009. TARDBP mutations in motoneuron disease with 
frontotemporal lobar degeneration. Ann Neurol, 65, 470-3.

BENATAR, M. & TANDAN, R. 2011. The Awaji criteria for the diagnosis o f
amyotrophic lateral sclerosis: have we put the cart before the horse? Muscle 
N en ’e, 43, 461-3.

BENNETT, D. A., SCHNEIDER, J. A., TANG, Y., ARNOLD, S. E. & WILSON, R. 
S. 2006. The effect o f social networks on the relation between Alzheimer's 
disease pathology and level o f cognitive function in old people: a longitudinal 
cohort study. Lancet Neurol, 5, 406-12.

BHARUCHA, N. E., SCHOENBERG, B. S., RAVEN, R. H., PICKLE, L. W.,
BYAR, D. P. & MASON, T. J. 1983. Geographic distribution o f motor neuron 
disease and correlation with possible etiologic factors. Neurology, 33, 911-5.

BIGIO, E. H. 2012. Motor neuron disease: the C9orf72 hexanucleotide repeat 
expansion in FTD and ALS. Nat Rev Neurol, 8, 249-50.

BLAIR, I. P., WILLIAMS, K. L„ WARRAICH, S. T., DURNALL, J. C., THOENG, 
A. D., MANAVIS, J., BLUMBERGS, P. C., VUCIC, S., KIERNAN, M. C. & 
NICHOLSON, G. A. 2010. FUS mutations in amyotrophic lateral sclerosis: 
clinical, pathological, neurophysiological and genetic analysis. J  Neurol 
Neurosurg Psychiatry, 81,639-45.

BLASCO, H., GUENNOC, A. M., VEYRAT-DUREBEX, C., GORDON, P. H., 
ANDRES, C. R., CAMU, W. & CORCIA, P. 2012. Amyotrophic lateral 
sclerosis: A hormonal condition? Amyotroph Lateral Scler, 13, 585-8.

BODDEN, M. E., DODEL, R. &. KALBE, E. 2010a. Theory o f mind in Parkinson's 
disease and related basal ganglia disorders: a systematic review. Mov Disord, 
25, 13-27.

389



BODDEN, M. E., MOLLENHAUER, B., TRENKWALDER, C., CABANEL, N.,
EGGERT, K. M., UNGER, M. M., OERTEL, W. H., KESSLER, J., DODEL, 
R. & KALBE, E. 2010b. Affective and cognitive Theory of Mind in patients 
with parkinson's disease. Parkinsonism Relat Disord, 16, 466-70.

BOEKESTEIN, W. A., KLEINE, B. U., HAGEMAN, G., SCHELHAAS, H. J. & 
ZWARTS, M. J. 2010. Sensitivity and specificity o f the 'Awaji' 
electrodiagnostic criteria for amyotrophic lateral sclerosis: retrospective 
comparison o f the Awaji and revised El Escorial criteria for ALS. Amyotroph 
Lateral Scler, 11, 497-501.

BOEVE, B. F., BOYLAN, K. B., GRAFF-RADFORD, N. R., DEJESUS-
HERNANDEZ, M., KNOPMAN, D. S., PEDRAZA, O., VEMURI, P., 
JONES, D., LOWE, V., MURRAY, M. E., DICKSON, D. W., JOSEPHS, K. 
A., RUSH, B. K., MACHULDA, M. M., FIELDS, J. A., FERMAN, T. J., 
BAKER, M., RUTHERFORD, N. J., ADAMSON, J., WSZOLEK, Z. K., 
ADELI, A., SAVICA, R., BOOT, B., KUNTZ, K. M., GAVRILOVA, R., 
REEVES, A., WHITWELL, J., KANTARCI, K., JACK, C. R., JR., PARISI,
J. E., LUCAS, J. A., PETERSEN, R. C. & RADEMAKERS, R. 2012. 
Characterization o f frontotemporal dementia and/or amyotrophic lateral 
sclerosis associated with the GGGGCC repeat expansion in C90RF72. Brain, 
135,765-83.

BOEVE, B. F. & GRAFF-RADFORD, N. R. 2012. Cognitive and behavioral features 
of c9FTD/ALS. Alzheimers Res Ther, 4, 29.

BOGAERT, L. 1925. Mental disturbances in amyotrophic lateral sclerosis.
Encephale, 20-27.

BOTVINICK, M., JHA, A. P., BYLSMA, L. M., FABIAN, S. A., SOLOMON, P. E. 
& PRKACHIN, K. M. 2005. Viewing facial expressions of pain engages 
cortical areas involved in the direct experience of pain. Neuroimage, 25, 312- 
9.

BRAMBATI, S. M., RENDA, N. C., RANKIN, K. P., ROSEN, H. J., SEELEY, W. 
W., ASHBURNER, J., WEINER, M. W., MILLER, B. L. & GORNO- 
TEMPINI, M. L. 2007. A tensor based morphometry study of longitudinal 
gray matter contraction in FTD. Neuroimage, 35, 998-1003.

BRODY, J. A., STANHOPE, J. M. & KURLAND, L. T. 1975. Patterns of
Amyotrophic Lateral Sclerosis and Parkinsonism-Dementia on Guam. 
Contemp Neurol Ser, 12, 45-70.

BROOKS, B. R., MILLER, R. G., SWASH, M. & MUNSAT, T. L. 2000. El Escorial 
revisited: revised criteria for the diagnosis of amyotrophic lateral sclerosis. 
Amyotroph Lateral Scler Other Motor Neuron Disord, 1, 293-9.

BROWN, M. W. & AGGLETON, J. P. 2001. Recognition memory: what are the roles 
of the perirhinal cortex and hippocampus? Nat Rev Neurosci, 2,51-61.

BRUNE, M., BLANK, K., WITTHAUS, H. & SAFT, C. 2011. "Theory of mind" is 
impaired in Huntington's disease. Mov Disord, 26, 671-8.

BUCKLEY, J., WARLOW, C., SMITH, P., HILTON-JONES, D., IRVINE, S. &
TEW, J. R. 1983. Motor neuron disease in England and Wales, 1959-1979. J  
Neurol Neurosurg Psychiatry, 46, 197-205.

BURATTI, E. & BARALLE, F. E. 2008. Multiple roles of TDP-43 in gene
expression, splicing regulation, and human disease. Front Biosci, 13, 867-78.

BURGESS, P. W., SHALLICE, T. 1997. The Hayling and Brixton Tests. , Thurston, 
Suffolk, Thames Valley Test Company.

390



BURNHAM, H. & HOGERVORST, E. 2004. Recognition o f facial expressions o f 
emotion by patients with dementia o f the Alzheimer type. Dement Geriatr 
Cogn Disord, 18, 75-9.

BURRELL, J. R., KIERNAN, M. C., VUCIC, S. & HODGES, J. R. 2011. Motor 
neuron dysfunction in frontotemporal dementia. Brain, 134, 2582-94.

BYRNE, S., ELAMIN, M., BEDE, P. &. HARDIMAN, O. 2012. Absence of
consensus in diagnostic criteria for familial neurodegenerative diseases. J  
Neurol Neurosurg Psychiatry, 83, 365-7.

BYRNE, S., WALSH, C., LYNCH, C., BEDE, P., ELAMIN, M., KENNA, K.,
MCLAUGHLIN, R. & HARDIMAN, O. 2011. Rate o f  familial amyotrophic 
lateral sclerosis: a systematic review and meta-analysis. J  Neurol Neurosurg  
Psychiatry, 82, 623-7.

CALDER, A. J., KEANE, J., YOUNG, A. W., LAWRENCE, A. D., MASON, S. & 
BARKER, R. A. 2010. The relation between anger and different forms o f 
disgust: implications for emotion recognition impairments in Huntington's 
disease. Neuropsychologia, 48, 2719-29.

CARVALHO, M. D. & SWASH, M. 2009. Awaji diagnostic algorithm increases
sensitivity o f El Escorial criteria for ALS diagnosis. Amyotroph Lateral Scler, 
10,53-7.

CASELLI, R., WINDEBANK, A., PETERSEN, R., KOMORI, T., PARISI, J.,
OKAZAKI, H. & AL., E. 1993. Rapidly progressive aphasic dementia and 
motor neuron disease. Ann Neurol 33, 200-207.

CASTELLI, I., PINI, A., ALBERONI, M., LIVERTA-SEMPIO, O., BAGLIO, F., 
MASSARO, D., MARCHETTI, A. & NEMNI, R. 2011. M apping levels o f 
theory o f mind in Alzheimer's disease: a preliminary study. Aging Ment 
Health. 15, 157-68.

CAVALLO, M., ADENZATO, M., MACPHERSON, S. E., KARWIG, G., ENRICI,
I. & ABRAHAMS, S. 2011. Evidence o f social understanding impairment in 
patients with amyotrophic lateral sclerosis. PLoS One, 6, e25948.

CEDARBAUM, J. 2004. ALS endpoints. Survival. Amyotroph Lateral Scler Other 
Motor Neuron Disord, 5 Suppl 1, 79-83.

CEDARBAUM, J. M., STAMBLER, N., MALTA, E., FULLER, C., HILT, D.,
THURMOND, B. & NAKANISHI, A. 1999. The ALSFRS-R: a revised ALS 
functional rating scale that incorporates assessments o f respiratory fiinction. 
BDNF ALS Study Group (Phase III). J  Neurol Sci, 169, 13-21.

CHADE A.R., R. M., TORRALVA T., GERSHANIK O.S., AREVALO G.J.G.,
BOEVE B.F., MANES F. 2010. Social cognition impairments in early stages 
o f Corticobasal Degeneration M ovement Disorders 25, (S407).

CHAN, R. C., SHUM, D., TOULOPOULOU, T. & CHEN, E. Y. 2008. Assessment 
o f executive functions: review o f instruments and identification o f  critical 
issues. Arch Clin Neuropsychol, 23, 201-16.

CHAN, Y. H. 2003. Randomised controlled trials (R C Ts)-sam ple size: the magic 
number? Singapore M ed J, 44, 172-4.

CHANCELLOR, A. M., SLATTERY, J. M., FRASER, H., SW INGLER, R. J.,
HOLLOWAY, S. M. & WARLOW, C. P. 1993. The prognosis o f  adult-onset 
motor neuron disease: a prospective study based on the Scottish Motor Neuron 
Disease Register. J  Neurol, 240, 339-46.

CHANCELLOR, A. M., WARLOW, C. P., CARSTAIRS, V., ELTON, R. A. 
SWINGLER, R. J. 1992. Affluence, age, and motor neuron disease. J  
Epidemiol Community Health, 46, 172-3.

391



CHANG, J. L., LOMEN-HOERTH, C., MURPHY, J., HENRY, R. G., KRAMER, J. 
H., MILLER, B. L. & GORNO-TEMPINI, M. L. 2005. A voxel-based 
morphometry study of patterns of brain atrophy in ALS and ALS/FTLD. 
Neurology, 65, 75-80.

CHESTER, C., DE CARVALHO, M., MILTENBERGER, G., PEREIRA, S., 
DILLEN, L., VAN DER ZEE, J., VAN BROECKHOVEN, C. & DE 
MENDONCA, A. 2012. Rapidly progressive frontotemporal dementia and 
bulbar amyotrophic lateral sclerosis in Portuguese patients with C9orf72 
mutation. Amyotroph Lateral Scler.

CHIO, A., BENZI, G., DOSSENA, M., MUTANI, R. & MORA, G. 2005. Severely 
increased risk of amyotrophic lateral sclerosis among Italian professional 
football players. Brain, 128, 472-6.

CHIO, A., BORGHERO, G., RESTAGNO, G., MORA, G., DREPPER, C.,
TRAYNOR, B. J., SENDTNER, M., BRUNETTI, M., OSSOLA, I., CALVO, 
A., PUGLIATTl, M., SOTGIU, M. A., MURRU, M. R., MARROSU, M. G., 
MARROSU, F., MARINOU, K., MANDRIOLI, J., SOLA, P., 
CAPONNETTO, C., MANCARDI, G., MANDICH, P., LA BELLA, V., 
SPATARO, R., CONTE, A., MONSURRO, M. R., TEDESCHI, G., PISANO, 
F., BARTOLOMEI, I., SALVI, F., LAURIA PINTER, G., SIMONE, I., 
LOGROSCINO, G., GAMBARDELLA, A., QUATTRONE, A., LUNETTA, 
C., VOLANTI, P., ZOLLINO, M., PENCO, S., BATTISTINI, S., RENTON, 
A. E., MAJOUNIE, E., ABRAMZON, Y., CONFORTI, F. L., GIANNINI, F., 
CORBO, M. & SABATELLI, M. 2012. Clinical characteristics of patients 
with familial amyotrophic lateral sclerosis carrying the pathogenic GGGGCC 
hexanucleotide repeat expansion of C90RF72. Brain, 135, 784-93.

CHIO, A., LOGROSCINO, G., HARDIMAN, O., SWINGLER, R., MITCHELL, D„ 
BEGHI, E. & TRAYNOR, B. G. 2009a. Prognostic factors in ALS: A critical 
review. Amyotroph Lateral Scler, 10, 310-23.

CHIO, A., MORA, G., CALVO, A., MAZZINI, L., BOTTACCHI, E. & MUTANI,
R. 2009b. Epidemiology of ALS in Italy: a 10-year prospective population- 
based study. Neurology, 72, 725-31.

CHIO, A., MORA, G., LEONE, M., MAZZINI, L., COCITO, D., GIORDANA, M.
T., BOTTACCHI, E. & MUTANI, R. 2002. Early symptom progression rate is 
related to ALS outcome: a prospective population-based study. Neurology, 59, 
99-103.

CHIO, A., VIGNOLA, A., MASTRO, E., GIUDICI, A. D., lAZZOLINO, B., 
CALVO, A., MOGLIA, C. & MONTUSCHI, A. 2010. Neurobehavioral 
symptoms in ALS are negatively related to caregivers' burden and quality of 
M q. Eur J  Neurol, 17, 1298-303.

CLARK, U. S., NEARGARDER, S. & CRONIN-GOLOMB, A. 2008. Specific
impairments in the recognition of emotional facial expressions in Parkinson's 
disease. Neuropsychologia, 46, 2300-9.

COCHRAN, E. (ed.) 2005. Neuropathology, Philadelphia, PA: Elsevier Churchill 
Livingstone.

COHEN, J. 1988. Statistical Power Analysis fo r  the Behavioural Sciences. , Hillside, 
NJ:, Erlbaum.

COOPER-KNOCK, J., HEWITT, C., HIGHLEY, J. R., BROCKINGTON, A.,
MILANO, A., MAN, S., MARTINDALE, J., HARTLEY, J., WALSH, T., 
GELSTHORPE, C., BAXTER, L., FORSTER, G., FOX, M., BURY, J.,
MOK, K., MCDERMOTT, C. J., TRAYNOR, B. J., KIRBY, J., WHARTON,

392



s. B., INCH, P. G., HARDY, J. & SHAW, P. J. 2012. Clinico-pathological 
features in amyotrophic lateral sclerosis with expansions in C90RF72. Brain, 
135,751-64.

CUERVA, A. G., SABE, L., KUZIS, G., TIBERTI, C., DORREGO, F. &
STARKSTEIN, S. E. 2001. Theory o f mind and pragmatic abilities in 
dementia. Neuropsychiatry Neuropsychol Behav Neurol, 14, 153-8.

CUMMINGS, J. L. 2005. Behavioral and neuropsychiatric outcomes in Alzheimer's 
disease. CNS Spectr, 10, 22-5.

CZAPLINSKl, A., YEN, A. A. & APPEL, S. H. 2006. Amyotrophic lateral sclerosis: 
early predictors o f prolonged survival. J  Neurol, 253, 1428-36.

D'AGATA, P., CAROPPO, P., BAUDINO, B., CAGLIO, M., CROCE, M., BERGUI, 
M., TAMIETTO, M., MORTARA, P. & ORSI, L. 2011. The Recognition o f 
Facial Emotions in Spinocerebellar Ataxia Patients. Cerebellum.

DAVIDSON, Y., KELLEY, T., MACKENZIE, I. R., PICKERING-BROW N, S., DU 
PLESSIS, D., NEARY, D., SNOWDEN, J. S. & MANN, D. M. 2007. 
Ubiquitinated pathological lesions in frontotemporal lobar degeneration 
contain the TAR DNA-binding protein, TDP-43. Acta Neuropathol, 113, 521- 
33.

DE CARVALHO, M., DENGLER, R., EISEN, A., ENGLAND, J. D., KAJI, R.,
KIMURA, J., MILLS, K., MITSUMOTO, H., NODERA, H., SHEFNER, J. & 
SWASH, M. 2008. Electrodiagnostic criteria for diagnosis o f  ALS. Clin 
Neurophysiol, 119,497-503.

DE DOMENICO, P., MALARA, C. E., MARABELLO, L., PUGLISI, R. M.,
MENEGHINI, F., SERRA, S., GALLITTO, G. & MUSOLINO, R. 1988. 
Amyotrophic lateral sclerosis: an epidemiological study in the Province o f 
Messina, Italy, \ 91b-\9'i5. Neuroepidemiology, 7, 152-8.

DE GELDER, B., VAN DEN STOCK, J., BALAGUER RDE, D. & BACHOUD- 
LEVI, A. C. 2008. Huntington's disease impairs recognition o f angry and 
instrumental body language. Neuropsychologia, 46, 369-73.

DEJESUS-HERNANDEZ, M., MACKENZIE, I. R., BOEVE, B. F., BOXER, A. L., 
BAKER, M., RUTHERFORD, N. J., NICHOLSON, A. M., FINCH, N. A., 
FLYNN, H., ADAMSON, J., KOURL N., WOJTAS, A., SENGDY, P., 
HSIUNG, G. Y., KARYDAS, A., SEELEY, W. W., JOSEPHS, K. A., 
COPPOLA, G., GESCHWIND, D. H., WSZOLEK, Z. K., FELDMAN, H., 
KNOPMAN, D. S., PETERSEN, R. C., MILLER, B. L., DICKSON, D. W., 
BOYLAN, K. B., GRAFF-RADFORD, N. R. & RADEMAKERS, R. 2011. 
Expanded GGGGCC hexanucleotide repeat in noncoding region o f C90RF72 
causes chromosome 9p-linked FTD and ALS. Neuron, 72, 245-56.

DEL AGUILA, M. A., LONGSTRETH, W. T., JR., MCGUIRE, V., KOEPSELL, T. 
D. & VAN BELLE, G. 2003. Prognosis in amyotrophic lateral sclerosis: a 
population-based study. Neurology, 60, 813-9.

DELIS, D. C., KAPLAN, E. & KRAMER, J. H. 2 0 0 \. Delis-Kaplan Executive 
Function System, San Antonio: The Psychological Corporation, The 
Psychological Corporation.

DENG, H. X., ZHAI, H., BIGIO, E. H., YAN, J., FECTO, F., AJROUD, K.,
MISHRA, M., AJROUD-DRISS, S., HELLER, S., SUFIT, R., SIDDIQUE,
N., MUGNAINI, E. & SIDDIQUE, T. 2010. FUS-immunoreactive inclusions 
are a common feature in sporadic and non-SODl familial amyotrophic lateral 
sclerosis. Ann Neurol, 67, 739-48.

393



DICZFALUSY, E. 2001. The demographic revolution and our common future. 
Maturitas, 38, 5-14; discussion 14-5.

DIEHL-SCHMID, J., POHL, C., RUPRECHT, C., WAGENPFEIL, S., FOERSTL, H. 
& KURZ, A. 2007. The Ekman 60 Faces Test as a diagnostic instrument in 
frontotemporal dementia. Arch Clin Neuropsychol, 22, 459-64.

DIEHL, J., MONSCH, A. U., AEBI, C., WAGENPFEIL, S., KRAPP, S.,
GRIMMER, T., SEELEY, W., FORSTL, H. & KURZ, A. 2005. 
Frontotemporal dementia, semantic dementia, and Alzheimer's disease: the 
contribution of standard neuropsychological tests to differential diagnosis. J  
Geriatr Psychiatry Neurol, 18, 39-44.

DORAN, M., XUAREB, J. & HODGES, J. 1995. Rapidly progressive aphasia with
bulbar motor neurone disease: A clinical and neuropsychological study. Behav 
Neurol, 8, 169-180.

DUJARDIN, K., BLAIRY, S., DEFEBVRE, L., DUHEM, S., NOEL, Y., HESS, U. & 
DESTEE, A. 2004. Deficits in decoding emotional facial expressions in 
Parkinson's disease. Neuropsychologia, 42, 239-50.

EDDY, C. M., MITCHELL, I. J., BECK, S. R., CAVANNA, A. E. & RICKARDS,
H. E. 2011. Altered subjective fear responses in Huntington's disease. 
Parkinsonism Relat Disord, 17, 386-9.

EISEN, A., MEZEI, M. M., STEWART, H. G., FABROS, M., GIBSON, G. &
ANDERSEN, P. M. 2008. SODl gene mutations in ALS patients from British 
Columbia, Canada: clinical features, neurophysiology and ethical issues in 
management. Amyotroph Lateral Scler, 9, 108-19.

EISEN, A., SCHULZER, M., MACNEIL, M., PANT, B. & MAK, E. 1993. Duration 
of amyotrophic lateral sclerosis is age dependent. Muscle Nerve, 16, 27-32.

ESLINGER, P. J., MOORE, P., TROIANI, V., ANTANI, S., CROSS, K., KWOK, S. 
& GROSSMAN, M. 2007. Oops! Resolving social dilemmas in 
frontotemporal dementia. J  Neurol Neurosurg Psychiatry, 78, 457-60.

EVDOKIMIDIS, I., CONSTANTINIDIS, T. S., GOURTZELIDIS, P., SMYRNIS,
N., ZALONIS, I., ZIS, P. V., ANDREADOU, E. & PAPAGEORGIOU, C. 
2002. Frontal lobe dysftinction in amyotrophic lateral sclerosis. J  Neurol Sci, 
195, 25-33.

FANG, F., KWEE, L. C., ALLEN, K. D., UMBACH, D. M., YE, W., WATSON, M., 
KELLER, J., ODDONE, E. Z., SANDLER, D. P., SCHMIDT, S. & KAMEL, 
F. 2010. Association between blood lead and the risk of amyotrophic lateral 
scXqxosx?,. Am J  Epidemiol, 171, 1126-33.

FERNANDEZ-DUQUE, D., BAIRD, J. A. & BLACK, S. E. 2009. False-belief
understanding in frontotemporal dementia and Alzheimer's disease. J  Clin Exp 
Neuropsychol, 31,489-97.

FERNANDEZ-DUQUE, D. & BLACK, S. E. 2005. Impaired recognition o f negative 
facial emotions in patients with frontotemporal dementia. Neuropsychologia, 
43, 1673-87.

FERNANDEZ-DUQUE, D., HODGES, S. D., BAIRD, J. A. & BLACK, S. E. 2010. 
Empathy in frontotemporal dementia and Alzheimer's disease. J  Clin Exp 
Neuropsychol, 32, 289-98.

FERRER, I., ROIG, C., PEIRO, G. & GUIU, X. 1991. Dementia of frontal type and 
motor neuron disease: A Golgi study of the frontal cortex. J Neurol 
Neurosurg Psychiatry 54, 932-934.

FINGER, E. C. 2011. New Potential Therapeutic Approaches in Frontotemporal 
Dementia: Oxytocin, Vasopressin, and Social Cognition. J  Mol Neurosci.

394



FLAHERTY-CRAIG, C., ESLINGER, P., STEPHENS, B. & SIMMONS, Z. 2006. A 
rapid screening battery to identify frontal dysfunction in patients with ALS. 
Neurology, 67, 2070-2.

FLORIS, G., BORGHERO, G., CANNAS, A., DI STEFANO, F., COSTANTINO, E., 
MURRU, M. R., BRUNETTI, M., RESTAGNO, G., TRAYNOR, B. J., 
MARROSU, M. G., CHIO, A. & MARROSU, F. 2012. Frontotemporal 
dementia with psychosis, parkinsonism, visuo-spatial dysfunction, upper 
motor neuron involvement associated to expansion o f C90RF72: a peculiar 
phenotype? J  Neurol.

FONG, K. Y., YU, Y. L., CHAN, Y. W., KAY, R., CHAN, J., YANG, Z., KWAN,
M. C., LEUNG, K. P., LI, P. C., LAM, T. H. & CHEUNG, R. T. 1996. Motor 
neuron disease in Hong Kong Chinese: epidemiology and clinical picture. 
Neuroepidemiology, 15,239-45.

FRANK, B., HAAS, J., HEINZE, H. J., STARK, E. & MUNTE, T. F. 1997. Relation 
o f  neuropsychological and magnetic resonance findings in amyotrophic lateral 
sclerosis: evidence for subgroups. Clin Neurol Neurosurg, 99, 79-86.

FREEMAN, R. Q., GIOVANNETTI, T., LAMAR, M., CLOUD, B. S., STERN, R.
A., KAPLAN, E. & LIBON, D. J. 2000. Visuoconstructional problems in 
dementia: contribution o f executive systems functions. Neuropsychology, 14, 
415-26.

FRIDRIKSSON, J., BAKER, J. M. & MOSER, D. 2009. Cortical mapping o f naming 
errors in aphasia. Hum Brain Mapp, 30, 2487-98.

FRIDRIKSSON, J., MOSER, D., BONILHA, L., M ORROW -ODOM, K. L., SHAW, 
H., FRIDRIKSSON, A., BAYLIS, G. C. & RORDEN, C. 2007. Neural 
correlates o f  phonological and semantic-based anomia treatment in aphasia. 
Neuropsychologia, 45, 1812-22.

FUNKIEWIEZ, A., BERTOUX, M., DE SOUZA, L. C., LEVY, R. & DUBOIS, B. 
2011. The SEA (social cognition and emotional assessment); A clinical 
neuropsychological tool for early diagnosis o f irontal variant o f 
frontotemporal lobar degeneration. Neuropsychology.

FUSAR-POLI, P., PLACENTINO, A., CARLETTI, F., LANDI, P., ALLEN, P.,
SURGULADZE, S., BENEDETTI, F., ABBAMONTE, M., GASPAROTTI, 
R., BARALE, F., PEREZ, J., MCGUIRE, P. & POLITI, P. 2009. Functional 
atlas o f emotional faces processing: a voxel-based meta-analysis o f 105 
functional magnetic resonance imaging studies. J  Psychiatry Neurosci, 34, 
418-32.

GALLAGHER, H. L. & FRITH, C. D. 2003. Functional imaging of'theory  o f mind'. 
Trends Cogn Sci, 7, 77-83.

GARCIN, B., LILLO, P., HORNBERGER, M., PIGUET, O., DAWSON, K., 
NESTOR, P. J. & HODGES, J. R. 2009. Determinants o f survival in 
behavioral variant frontotemporal dementia. Neurology, 73, 1656-61.

GARGIULO-MONACHELLI, G. M., JANOTA, F., BETTINI, M., SHOESMITH, C. 
L., STRONG, M. J. & SICA, R. E. 2012. Regional spread pattern predicts 
survival in patients with sporadic amyotrophic lateral sclerosis. Eur J  Neurol, 
19, 834-41.

GARRARD, P., MARTIN, N. H., GIUNTI, P. & CIPOLOTTI, L. 2008. Cognitive 
and social cognitive functioning in spinocerebellar ataxia : a preliminary 
characterization. J  Neurol, 255, 398-405.

395



GARRAUX, G., SALMON, E., DEGUELDRE, C., LEMAIRE, C. & FRANCK, G.
1999. Medial temporal lobe metabolic impairment in dementia associated with 
motor neuron disease. JA^ewro/5a, 168, 145-50.

GESER, F., BRANDMEIR, N. J., KWONG, L. K., MARTINEZ-LAGE, M.,
ELMAN, L., MCCLUSKEY, L., XIE, S. X., LEE, V. M. & TROJANOWSKI, 
J. Q. 2008. Evidence o f multisystem disorder in whole-brain map of 
pathological TDP-43 in amyotrophic lateral sclerosis. Arch Neurol, 65, 636- 
41.

GESER, F., LEE, V. M. & TROJANOWSKI, J. Q. 2010. Amyotrophic lateral 
sclerosis and frontotemporal lobar degeneration: a spectrum of TDP-43 
proteinopathies. 30, 103-12.

GESER, F., MARTINEZ-LAGE, M., ROBINSON, J., URYU, K., NEUMANN, M., 
BRANDMEIR, N. J., XIE, S. X., KWONG, L. K., ELMAN, L., 
MCCLUSKEY, L., CLARK, C. M., MALUNDA, J., MILLER, B. L., 
ZIMMERMAN, E. A., QIAN, J., VAN DEERLIN, V., GROSSMAN, M., 
LEE, V. M. & TROJANOWSKI, J. Q. 2009. Clinical and pathological 
continuum of multisystem TDP-43 proteinopathies. Arch Neurol, 66, 180-9.

GESER, F., PRVULOVIC, D., O'DWYER, L., HARDIMAN, O., BEDE, P.,
BOKDE, A. L., TROJANOWSKI, J. Q. & HAMPEL, H. 2011. On the 
development of markers for pathological TDP-43 in amyotrophic lateral 
sclerosis with and without dementia. Prog Neurohiol, 95, 649-62.

GHOSH, B. C., ROWE, J. B., CALDER, A. J., HODGES, J. R. & BAK, T. H. 2009. 
Emotion recognition in progressive supranuclear palsy. J  Neurol Neurosurg 
Psychiatry, 80, 1143-5.

GIBBONS, Z. C., RICHARDSON, A., NEARY, D. & SNOWDEN, J. S. 2008.
Behaviour in amyotrophic lateral sclerosis. Amyotroph Lateral Scler, 9, 67-74.

GIBBONS, Z. C., SNOWDEN, J. S., THOMPSON, J. C., HAPPE, F.,
RICHARDSON, A. & NEARY, D. 2007. Inferring thought and action in 
motor neurone disease. Neuropsychologia, 45, 1196-207.

GIJSELINCK, I., VAN LANGENHOVE, T., VAN DER ZEE, J., SLEEGERS, K., 
PHILTJENS, S., KLEINBERGER, G., JANSSENS, J., BETTENS, K., VAN 
CAUWENBERGHE, C., PERESON, S., ENGELBORGHS, S., SIEBEN, A., 
DE JONGHE, P., VANDENBERGHE, R., SANTENS, P., DE BLEECKER, 
J., MAES, G., BAUMER, V., DILLEN, L., JORIS, G., CUIJT, I., CORSMIT, 
E., ELINCK, E., VAN DONGEN, J., VERMEULEN, S., VAN DEN 
BROECK, M., VAERENBERG, C., MATTHEIJSSENS, M., PEETERS, K., 
ROBBERECHT, W., CRAS, P., MARTIN, J. J., DE DEYN, P. P., CRUTS,
M. & VAN BROECKHOVEN, C. 2012. A C9orf72 promoter repeat 
expansion in a Flanders-Belgian cohort with disorders o f the frontotemporal 
lobar degeneration-amyotrophic lateral sclerosis spectrum: a gene 
identification study. Lancet Neurol, 11, 54-65.

GIL, J., PREUX, P. M., ALIOUM, A., KETZOIAN, C., DESPORT, J. C., DRUET- 
CABANAC, M. & COURATIER, P. 2007. Disease progression and survival 
in ALS: first multi-state model approach. Amyotroph Lateral Scler, 8, 224-9.

GIORDANA, M. T., PICCININI, M., GRIFONI, S., DE MARCO, G.,
VERCELLINO, M., MAGISTRELLO, M., PELLERINO, A., BUCCINNA,
B., LUPINO, E. & RINAUDO, M. T. 2009. TDP-43 Redistribution Is an 
Early Event in Sporadic Amyotrophic Lateral Sclerosis. Brain Pathol.

396



GIRARDI, A., MACPHERSON, S. E. & ABRAHAMS, S. 2011. Deficits in 
emotional and social cognition in amyotrophic lateral sclerosis. 
Neuropsychology, 25, 53-65.

GITCHO, M. A., BIGIO, E. H., MISHRA, M., JOHNSON, N., WEINTRAUB, S.,
MESULAM, M., RADEMAKERS, R., CHAKRAVERTY, S., CRUCHAGA, 
C., MORRIS, J. C., GOATE, A. M. & CAIRNS, N. J. 2009. TARDBP 3'-UTR 
variant in autopsy-confirmed frontotemporal lobar degeneration with TDP-43 
proteinopathy. Acta Neuropathol, 118, 633-45.

GLEICHGERRCHT, E., TORRALVA, T., ROC A, M. & MANES, F. 2010. Utility o f 
an abbreviated version o f the executive and social cognition battery in the 
detection o f executive deficits in early behavioral variant frontotemporal 
dementia patients. J In t  Neuropsychol Soc, 16, 687-94.

GOHAR, M., YANG, W., STRONG, W., VOLKENING, K., LEYSTRA-LANTZ, C. 
& STRONG, M. J. 2009. Tau phosphorylation at threonine-175 leads to fibril 
formation and enhanced cell death; implications for amyotrophic lateral 
sclerosis with cognitive impairment. J  Neurochem, 108, 634-43.

GOLDSTEIN G, B. S. (ed.) 2004 Comprehensive Handbook o f Psychological
Assessment: Intellectual and neuropsychological assessment., New York: : 
John Wiley and Sons.

GORDON, P. H., GOETZ, R. R., RABKIN, J. G., DALTON, K„ MCELHINEY, M., 
HAYS, A. P., MARDER, K., STERN, Y. & MITSUMOTO, H. 2010. A 
prospective cohort study o f neuropsychological test performance in ALS. 
Amyotroph Lateral Scler, 11, 312-20.

GORDON, P. H. & MEININGER, V. 2011. How can we improve clinical trials in 
amyotrophic lateral sclerosis? Nat Rev Neurol, 7, 650-4.

GORDON, P. H., WANG, Y., DOORISH, C., LEWIS, M., BATTISTA, V., 
M ITSUMOTO, H. & MARDER, K. 2007. A screening assessment o f 
cognitive im painnent in patients with ALS. Amyotroph Lateral Scler, 8, 362- 
5.

GRACE, J., STOUT, J. C. & MALLOY, P. F. 1999. Assessing frontal lobe behavioral 
syndromes with the frontal lobe personality scale. Assessment, 6, 269-84.

GRANT, D. A. & BERG, E. A. 1948. A behavioral analysis o f degree o f
reinforcement and ease o f  shifting to new responses in a W eigl-type card- 
sorting problem. J  Exp Psychol, 38, 404-11.

GRAVES R. E., B., S. C., FOGARTY, J. BLAIRE, R. BOSTON NAMING TEST 
SHORT FORMS: A COMPARISON OF PREVIOUS FORMS WITH NEW 
ITEM RESPONSE THEORY BASED FORMS. 2004. Boston Naming Test 
Short Forms: A comparison o f previous forms with new item response theory 
based forms. Journal o f  Clinical and Experimental Neuropsychology

26, 891-902.
GREGORY, C., LOUGH, S., STONE, V., ERZINCLIOGLU, S., MARTIN, L., 

BARON-COHEN, S. & HODGES, J. R. 2002. Theory o f  mind in patients 
with frontal variant frontotemporal dementia and Alzheimer's disease: 
theoretical and practical implications. Brain, 125, 752-64.

GROS-LOUIS, F., GASPAR, C. & ROULEAU, G. A. 2006. Genetics o f  familial and 
sporadic amyotrophic lateral sclerosis. Biochim Biophys Acta, 1762, 956-72.

GROSSMAN, A. B., WOOLLEY-LEVINE, S., BRADLEY, W. G. & MILLER, R.
G. 2007. Detecting neurobehavioral changes in amyotrophic lateral sclerosis. 
Amyotroph Lateral Scler, 8, 56-61.

397



GROSSMAN, M., ANDERSON, C., KHAN, A., AVANTS, B., ELMAN, L. &
MCCLUSKEY, L. 2008. Impaired action knowledge in amyotrophic lateral 
sclerosis. TVewro/ogy, 71, 1396-401.

GROSSMAN, M., ESLINGER, P. J., TROIANI, V., ANDERSON, C., AVANTS, B., 
GEE, J. C., MCMILLAN, C., MASSIMO, L., KHAN, A. «& ANTANI, S.
2010. The role o f ventral medial prefrontal cortex in social decisions: 
converging evidence from fMRI and frontotemporal lobar degeneration. 
Neuropsychologia, 48, 3505-12.

GUEDJ, E., LE BER, I., LACOMBLEZ, L., DUBOIS, B., VERPILLAT, P., DIDIC, 
M., SALACHAS, F., VERA, P., HANNEQUIN, D., LOTTERIE, J. A.,
PUEL, M., DECOUSUS, M., THOMAS-ANTERION, C., MAGNE, C., 
VERCELLETTO, M., BERNARD, A. M., GOLFIER, V., PASQUIER, J., 
MICHEL, B. F., NAMER, I., SELLAL, F., BOCHET, J., VOLTEAU, M., 
BRICE, A., MEININGER, V. & HABERT, M. O. 2007. Brain spect perfusion 
o f frontotemporal dementia associated with motor neuron disease. Neurology, 
69, 488-90.

GUNNARSSON, L. G., DAHLBOM, K. & STRANDMAN, E. 1991. M otor neuron 
disease and dementia reported among 13 members o f a single family. Acta  
Neurol Scand, 84, 429-33.

HALLIGAN, P., KISCHKA U, MARSHALL JC 2003. Handbook o f  Clinical 
Neuropsychology, New York, Oxford University Press.

HADANO S, OTOMO A, KUNITA R, SUZUKI-UTSUNOMIYA K, AKATSUKA A, 
KOIKE M, AOKI M, UCHIYAMA V, ITOYAMA Y, IKEDA JE. 2010. Loss of 
ALS2/Alsin exacerbates motor dysfunction in a SOD 1-expressing mouse ALS model 
by disturbing endolysosomal traffickings PLoS One. 22;5(3):e9805

HANAGASI, H. A., GURVIT, I. H., ERMUTLU, N., KAPTANOGLU, G.,
KARAMURSEL, S., IDRISOGLU, H. A., EMRE, M. & DEMIRALP, T.
2002. Cognitive impairment in amyotrophic lateral sclerosis: evidence from 
neuropsychological investigation and event-related potentials. Brain Res Cogn 
Brain Res, 14,234-44.

HANBY, M. F., SCOTT, K. M., SCOTTON, W., WIJESEKERA, L., MOLE, T., 
ELLIS, C. E., LEIGH, P. N., SHAW, C. E. & AL-CHALABI, A. 2011. The 
risk to relatives o f patients with sporadic amyotrophic lateral sclerosis. Brain, 
134, 3454-7.

HARDING, A. J., STIMSON, E., HENDERSON, J. M. & HALLIDAY, G. M. 2002. 
Clinical correlates o f  selective pathology in the amygdala o f patients with 
Parkinson's disease. Brain, 125, 2431-45.

HARGRAVE, R., MADDOCK, R. J. & STONE, V. 2002. Impaired recognition o f 
facial expressions o f emotion in Alzheimer's disease. J  Neuropsychiatry Clin 
Neurosci, 14, 64-71.

HAUK, O., SHTYROV, Y. & PULVERMULLER, F. 2008. The time course o f  action 
and action-word comprehension in the human brain as revealed by 
neurophysiology. J  Physiol Paris, 102, 50-8.

HAVERKAMP, L. J., APPEL, V. & APPEL, S. H. 1995. Natural history o f
amyotrophic lateral sclerosis in a database population. Validation o f  a scoring 
system and a model for survival prediction. Brain, 118 ( Pt 3), 707-19.

HAYES, C. J., STEVENSON, R. J. & COLTHEART, M. 2007. Disgust and 
Huntington's disease. Neuropsychologia, 45, 1135-51.

398



HAYES, C. J., STEVENSON, R. J. & COLTHEART, M. 2009. The processing o f 
emotion in patients with Huntington's disease: variabiHty and differential 
deficits in disgust. Cogn Behav Neurol, 22, 249-57.

HENLEY, S. M., WILD, E. J., HOBBS, N. Z., WARREN, J. D., FROST, C.,
SCAHILL, R. I., RIDGWAY, G. R., MACMANUS, D. G., BARKER, R. A., 
FOX, N. C. & TABRIZI, S. J. 2008. Defective emotion recognition in early 
HD is neuropsychologically and anatomically generic. Neuropsychologia, 46, 
2152-60.

HENNENLOTTER, A., SCHROEDER, U., ERHARD, P., HASLINGER, B.,
STAHL, R., WEINDL, A., VON EINSIEDEL, H. G., LANGE, K. W. & 
CEBALLOS-BAUMANN, A. O. 2004. Neural correlates associated with 
impaired disgust processing in pre-symptomatic Huntington's disease. Brain, 
127, 1446-53.

HENRY, J. D., RENDELL, P. G., SCICLUNA, A., JACKSON, M. & PHILLIPS, L. 
H. 2009. Emotion experience, expression, and regulation in Alzheimer's 
disease. Psychol Aging, 24, 252-7.

HENRY, J. D., RUFFMAN, T., MCDONALD, S., O'LEARY, M. A., PHILLIPS, L.
H., BRODATY, H. & RENDELL, P. G. 2008. Recognition o f  disgust is 
selectively preserved in Alzheimer's disease. Neuropsychologia, 46, 1363-70.

HIGASHIHARA, M., SONOO, M., IMAFUKU, I., FUKUTAKE, T., KAMAKURA, 
K., INOUE, K., HATANAKA, Y., SHIMIZU, T., TSUJL S. «fe UGAWA, Y. 
2012. Fasciculation potentials in amyotrophic lateral sclerosis and the 
diagnostic yield o f the Awaji algorithm. Muscle Nerve, 45, 175-82.

HINDLE, J. V. 2010. Ageing, neurodegeneration and Parkinson's disease. Age 
Ageing, 39, 156-61.

HODGES, J. R. & MILLER, B. 2001. The classification, genetics and neuropathology 
o f  frontotemporal dementia. Introduction to the special topic papers: Part I. 
Neurocase, 7, 31-5.

HODGES, J. R., SALMON, D. P. & BUTTERS, N. 1991. The nature o f the naming 
deficit in Alzheimer's and Huntington's disease. Brain, 114 ( Pt 4), 1547-58.

HORNBERGER, M., PIGUET, O., GRAHAM, A. J., NESTOR, P. J. & HODGES, J. 
R. 2010. How preserved is episodic memory in behavioral variant 
frontotemporal dementia? Neurology, 74, 472-9.

HOW ARD, D., AND PATTERSON, K.E. 1992. Pyramids and Palm Trees, Suffolk:, 
Thames Valley Test C om pany,.

HSIUNG, G. Y., DEJESUS-HERNANDEZ, M., FELDMAN, H. H., SENGDY, P., 
BOUCHARD-KERR, P., DWOSH, E., BUTLER, R., LEUNG, B., FOK, A., 
RUTHERFORD, N. J., BAKER, M., RADEMAKERS, R. & MACKENZIE,
I. R. 2012. Clinical and pathological features o f familial frontotemporal 
dementia caused by C90RF72 mutation on chromosome 9p. Brain, 135, 709- 
22 .

HU, W. T., SEELAAR, H., JOSEPHS, K. A., KNOPMAN, D. S., BOEVE, B. F., 
SORENSON, E. J., MCCLUSKEY, L., ELMAN, L., SCHELHAAS, H. J., 
PARISI, J. E., KUESTERS, B., LEE, V. M., TROJANOWSKI, J. Q., 
PETERSEN, R. C., VAN SWIETEN, J. C. & GROSSMAN, M. 2009.
Survival profiles o f patients with frontotemporal dementia and motor neuron 
dxsQSLSQ. Arch Neurol, 66, 1359-64.

HUISMAN, M. H., DE JONG, S. W., VAN DOORMAAL, P. T., WEINREICH, S.
S., SCHELHAAS, H. J., VAN DER KOOI, A. J., DE VISSER, M.,
VELDINK, J. H. & VAN DEN BERG, L. H. 2011. Population based

399



epidemiology o f amyotrophic lateral sclerosis using capture-recapture 
methodology. J  Neurol Neurosurg Psychiatry, 82, 1165-70.

ICHIKAWA, H., KOYAMA, S., OHNO, H., ISHIHARA, K., NAGUMO, K. & 
KAWAMURA, M. 2008a. W riting errors and anosognosia in amyotrophic 
lateral sclerosis with dementia. Behav Neurol, 19, 107-16.

ICHIKAWA, H., TAKAHASHI, N., HIEDA, S., OHNO, H. & KAW AM URA, M. 
2008b. Agraphia in bulbar-onset amyotrophic lateral sclerosis: Not merely a 
consequence o f dementia or aphasia. Behav Neurol, 20, 91-99.

ILLE, R., HOLL, A. K., KAPFHAMMER, H. P., REISINGER, K., SCHAFER, A. & 
SCHIENLE, A. 201 la. Emotion recognition and experience in Huntington's 
disease: is there a differential impairment? Psychiatry Res, 188, 377-82.

ILLE, R., SCHAFER, A., SCHARMULLER, W., ENZINGER, C., SCHOGGL, H., 
KAPFHAMMER, H. P. «& SCHIENLE, A. 201 lb. Emotion recognition and 
experience in Huntington disease: a voxel-based morphometry study. J  
Psychiatry Neurosci, 36, 100143.

JABLECKI, C. K., BERRY, C. & LEACH, J. 1989. Survival prediction in 
amyotrophic lateral sclerosis. Muscle Nerve, 12, 833-41.

JESSO, S., MORLOG, D., ROSS, S., PELL, M. D., PASTERNAK, S. H.,
MITCHELL, D. G., KERTESZ, A. & FINGER, E. C. 2011. The effects o f 
oxytocin on social cognition and behaviour in frontotemporal dementia. Brain, 
134, 2493-501.

JOHNSON, F. O. & ATCHISON, W. D. 2009. The role o f environmental mercury, 
lead and pesticide exposure in development o f  amyotrophic lateral sclerosis. 
Neurotoxicology, 30, 761-5.

JOHNSON, S. A., STOUT, J. C., SOLOMON, A. C., LANGBEHN, D. R.,
AYLWARD, E. H., CRUCE, C. B., ROSS, C. A., NANCE, M., KAYSON,
E., JULIAN-BAROS, E., HAYDEN, M. R., KIEBURTZ, K., GUTTMAN,
M., OAKES, D., SHOULSON, I., BEGLINGER, L., DUFF, K., PENZINER, 
E. & PAULSEN, J. S. 2007. Beyond disgust: impaired recognition o f  negative 
emotions prior to diagnosis in Huntington's disease. Brain, 130, 1732-44.

JOKELAINEN, M. 1976. The epidemiology o f  amyotrophic lateral sclerosis in
Finland. A study based on the death certificates o f 421 patients. J  Neurol Sci, 
29, 55-63.

JOKELAINEN, M. 1977. Amyotrophic lateral sclerosis in Finland. II: Clinical 
characteristics. Acta Neurol Scand, 56, 194-204.

JOSEPHS, K. A., KNOPMAN, D. S., WHITWELL, J. L., BOEVE, B. F., PARISI, J. 
E., PETERSEN, R. C. & DICKSON, D. W. 2005. Survival in two variants o f 
tau-negative frontotemporal lobar degeneration: FTLD-U vs FTLD-MND. 
Neurology, 65, 645-7.

JOSEPHS, K. A., LIN, W. L., AHMED, Z., STROH, D. A., GRAFF-RADFORD, N. 
R. & DICKSON, D. W. 2008. Frontotemporal lobar degeneration with 
ubiquitin-positive, but TDP-43-negative inclusions. Acta Neuropathol, 116, 
159-67.

JURADO, M. B. & ROSSELLI, M. 2007. The elusive nature o f  executive functions: a 
review o f our current understanding. Neuropsychol Rev, 17, 213-33.

K.R., S. D. A. S. (ed.) 2009. The Oxford Companion to Social and Affective Sciences,
, New York, NY: Oxford University Press.

KABASHI, E., VALDMANIS, P. N., DION, P., SPIEGELMAN, D., MCCONKEY, 
B. J., VANDE VELDE, C., BOUCHARD, J. P., LACOMBLEZ, L., 
POCHIGAEVA, K., SALACHAS, F., PRADAT, P. F., CAMU, W.,

400



MEININGER, V., DUPRE, N. & ROULEAU, G. A. 2008. TARDBP 
mutations in individuals with sporadic and famihal amyotrophic lateral 
sclerosis. Nat Genet, 40, 572-4.

KAJI, R., IZUMI, Y., ADACHI, Y. & KUZUHARA, S. 2012. ALS-parkinsonism- 
dementia complex o f Kii and other related diseases in Japan. Parkinsonism  
Relat Disord, 18 Suppl 1, S 190-1.

KALBE, E., SCHLEGEL, M., SACK, A. T., NOW AK, D. A., DAFOTAKIS, M., 
BANGARD, C., BRAND, M., SHAMAY-TSOORY, S., ONUR, O. A. & 
KESSLER, J. 2010. Dissociating cognitive from affective theory o f mind: a 
TMS study. Cortex, 46, 769-80.

KAN, Y., KAWAMURA, M., HASEGAWA, Y., MOCHIZUKI, S. & NAKAMURA, 
K. 2002. Recognition o f emotion from facial, prosodic and written verbal 
stimuli in Parkinson's disease. Cortex, 38, 623-30.

KAPLAN E, G. H., WEINTRAUB S 2001. The Boston Naming Test Philadelphia,
PA, Lippincott Williams & Wilkins.

KAPLAN, R. F., COHEN, R. A., MOSCUFO, N., GUTTMANN, C., CHASMAN, J., 
BUTTARO, M., HALL, C. H. & WOLFSON, L. 2009. Demographic and 
biological influences on cognitive reserve. J  Clin Exp Neuropsychol, 31, 868- 
76.

KATO, S., ODA, M., HAYASHI, H., KAWATA, A. & SHIMIZU, T. 1994.
Participation o f  the limbic system and its associated areas in the dementia o f 
amyotrophic lateral sclerosis. J  Neurol Sci, 126, 62-9.

KAW AM URA, M., KOYAMA S. 2007. Social cognitive impairment in Parkinson’s 
disease. 254, IV/49-1V/53.

KEANE, J., CALDER, A. J., HODGES, J. R. & YOUNG, A. W. 2002. Face and 
emotion processing in frontal variant frontotemporal dementia. 
Neuropsychologia, 40, 655-65.

KESSELS, R. P., GERRITSEN, L., MONTAGNE, B., ACKL, N., DIEHL, J. &
DANEK, A. 2007. Recognition o f facial expressions o f different emotional 
intensities in patients with frontotemporal lobar degeneration. Behav Neurol, 
18, 31-6.

KEW , J. J., GOLDSTEIN, L. H., LEIGH, P. N., ABRAHAMS, S., COSGRAVE, N., 
PASSINGHAM, R. E., FRACKOWIAK, R. S. & BROOKS, D. J. 1993. The 
relationship between abnormalities o f  cognitive function and cerebral 
activation in amyotrophic lateral sclerosis. A neuropsychological and positron 
emission tomography study. Brain, 116 ( Pt 6), 1399-423.

KILANI, M., MICALLEF, J., SOUBROUILLARD, C., REY-LARDILLER, D.,
DEMATTEI, C., DIB, M., PHILIPPOT, P., CECCALDI, M., POUGET, J. & 
BLIN, O. 2004. A longitudinal study o f  the evolution o f cognitive ftinction 
and affective state in patients with amyotrophic lateral sclerosis. Amyotroph 
Lateral Scler Other Motor Neuron Disord, 5, 46-54.

KIM , S. H., SEO, S. W., GO, S. M., SUH, M. K., CHIN, J., JEONG, J. H. & NA, D. 
L. 2009. Semantic dementia combined with motor neuron disease. J  Clin 
Neurosci, 16, 1683-5.

KIPPS, C. M., DUGGINS, A. J., MCCUSKER, E. A. & CALDER, A. J. 2007.
Disgust and happiness recognition correlate with anteroventral insula and 
amygdala volume respectively in preclinical Huntington's disease. J  Cogn 
Neurosci, 19, 1206-17.

401



KIPPS, C. M., MIOSHI, E. & HODGES, J. R. 2009a. Emotion, social functioning
and activities of daily living in frontotemporal dementia. Neiirocase, 15, 182- 
9.

KIPPS, C. M., NESTOR, P. J., ACOSTA-CABRONERO, J., ARNOLD, R. &
HODGES, J. R. 2009b. Understanding social dysfunction in the behavioural 
variant of frontotemporal dementia: the role o f emotion and sarcasm 
processing. 5ram, 132,592-603.

KLUGER, B. M. & HEILMAN, K. M. 2007. Dysfunctional facial emotional
expression and comprehension in a patient with corticobasal degeneration. 
Neurocase, 13, 165-8.

KOHLER, C. G., ANSELMO-GALLAGHER, G., BILKER, W., KARLAWISH, J., 
GUR, R. E. & CLARK, C. M. 2005. Emotion-discrimination deficits in mild 
Alzheimer disease. Am J  Geriatr Psychiatry, 13, 926-33.

KOSMIDIS, M. H., ARETOULI, E., BOZIKAS, V. P., GIANNAKOU, M. & 
lOANNIDIS, P. 2008. Studying social cognition in patients with 
schizophrenia and patients with frontotemporal dementia: theory o f mind and 
the perception of sarcasm. Behav Neurol, 19, 65-9.

KUKULL, W. A. & GANGULI, M. 2012. Generalizability: The trees, the forest, and 
the low-hanging fruit. Neurology, 78, 1886-91.

KUZUHARA, S., KOKUBO, Y., SASAKI, R., NARITA, Y., YABANA, T.,
HASEGAWA, M. & IWATSUBO, T. 2001. Familial amyotrophic lateral 
sclerosis and parkinsonism-dementia complex of the Kii Peninsula of Japan: 
clinical and neuropathological study and tau analysis. Ann Neurol, 49, 501-11.

KWIATKOWSKI, T. J., JR., BOSCO, D. A., LECLERC, A. L., TAMRAZIAN, E., 
VANDERBURG, C. R., RUSS, C., DAVIS, A., GILCHRIST, J., 
KASARSKIS, E. J., MUNSAT, T., VALDMANIS, P., ROULEAU, G. A., 
HOSLER, B. A., CORTELLI, P., DE JONG, P. J., YOSHINAGA, Y., 
HAINES, J. L., PERICAK-VANCE, M. A., YAN, J., TICOZZI, N., 
SIDDIQUE, T., MCKENNA-YASEK, D., SAPP, P. C., HORVITZ, H. R., 
LANDERS, J. E. & BROWN, R. H., JR. 2009. Mutations in the FUS/TLS 
gene on chromosome 16 cause familial amyotrophic lateral sclerosis. Science, 
323, 1205-8.

LAAKSOVIRTA, H., PEURALINNA, T., SCHYMICK, J. C., SCHOLZ, S. W., LAI, 
S. L., MYLLYKANGAS, L., SULKAVA, R., JANSSON, L., HERNANDEZ, 
D. G., GIBBS, J. R., NALLS, M. A., HECKERMAN, D., TIENARI, P. J. & 
TRAYNOR, B. J. 2010. Chromosome 9p21 in amyotrophic lateral sclerosis in 
Finland: a genome-wide association study. Lancet Neurol, 9, 978-85.

LAGIER-TOURENNE, C. & CLEVELAND, D. W. 2009. Rethinking ALS: the FUS 
about TDP-43. Cell, 136, 1001-4.

Lane R.C. 2009 . Anterior Cingulate Cortex. In Sander D and Scherer KR, eds. The 
Oxford Companion to Social and Affective Sciences. New York, NY: Oxford 
University. Page. 38-39.

WECHSLER D. 1997. Weeksler Memory Scale (WMS-III UK). Administration and 
Scoring Manual, San Antonio, TX, The Psychological Corporation

LAVENU, I. & PASQUIER, F. 2005. Perception of emotion on faces in
frontotemporal dementia and Alzheimer's disease: a longitudinal study. 
Dement Geriatr Cogn Disord, 19, 37-41.

LAWRENCE, A. D., GOERENDT, I. K. & BROOKS, D. J. 2007. Impaired
recognition of facial expressions of anger in Parkinson's disease patients

402



acutely withdrawn from dopamine replacement therapy. Neuropsychologia,
45, 65-74.

LEE, J. R., ANNEGERS, J. F. & APPEL, S. H. 1995. Prognosis o f amyotrophic
lateral sclerosis and the effect o f referral selection. J  Neurol Sci, 132, 207-15. 

LEPAGE, M., GHAFFAR, O., NYBERG, L. & TULVING, E. 2000. Prefrontal
cortex and episodic memory retrieval mode. Proc Natl Acad Sci US A,  97, 
506-11.

LEPOW, L., VAN SWERINGEN, J., STRUTT, A. M., JAW AID, A., MACADAM,
C., HARATl, Y., SCHULZ, P. E. & YORK, M. K. 2010. Frontal and temporal 
lobe involvement on verbal fluency measures in amyotrophic lateral sclerosis. 
J  Clin Exp Neuropsychol, 32, 913-22.

LI, J., PAN, P., SONG, W., HUANG, R., CHEN, K. & SHANG, H. 2012. A meta
analysis o f  diffusion tensor imaging studies in amyotrophic lateral sclerosis. 
Neurobiol Aging, 33, 1833-8.

LILLO, P., GARCIN, B., HORNBERGER, M., BAK, T. H. & HODGES, J. R. 2010. 
Neurobehavioral features in frontotemporal dementia with amyotrophic lateral 
sclerosis. Arch Neurol, 67, 826-30.

LILLO, P. & HODGES, J. R. 2009. Frontotemporal dementia and motor neurone
disease: overlapping clinic-pathological disorders. J  Clin Neurosci, 16, 1131- 
5.

LILLO, P., MIOSHl, E., ZOING, M. C., KIERNAN, M. C. & HODGES, J. R. 2011. 
How common are behavioural changes in amyotrophic lateral sclerosis? 
Amyotroph Lateral Scler, 12, 45-51.

LILLO, P.’ SAVAGE, S., MIOSHI, E., KIERNAN, M. C. & HODGES, J. R. 2012.
Amyotrophic lateral sclerosis and frontotemporal dementia: A behavioural and 
cognitive continuum. Amyotroph Lateral Scler, 13, 102-9.

LINDQUIST, S., DUNO, M., BATBAYLI, M., PUSCHMANN, A.,
BRAENDGAARD, H., MARDOSIENE, S., SVENSTRUP, K., PINBORG,
L., VESTERGAARD, K., HJERMIND, L., STOKHOLM, J., ANDERSEN,
B., JOHANNSEN, P. & NIELSEN, J. 2012. Corticobasal and ataxia 
syndromes widen the spectrum o f C 90R F72 hexanucleotide expansion 
disease. Clin Genet, 9999.

LISCIC, R. M., GRINBERG, L. T., ZIDAR, J., GITCHO, M. A. & CAIRNS, N. J. 
2008. ALS and FTLD: two faces o f  TDP-43 proteinopathy. Eur J  Neurol, 15, 
772-80.

LIU, W., MILLER, B. L., KRAMER, J. H., RANKIN, K., WYSS-CORAY, C., 
GEARHART, R., PHENGRASAMY, L., WEINER, M. & ROSEN, H. J.
2004. Behavioral disorders in the frontal and temporal variants o f 
frontotemporal dementia. Neurology, 62, 742-8.

LOGROSCINO, G., TRAYNOR, B. J., HARDIMAN, O., CHIO, A., COURATIER, 
P., MITCHELL, J. D., SWINGLER, R. J. & BEGHI, E. 2008. Descriptive 
epidemiology o f amyotrophic lateral sclerosis: new evidence and unsolved 
issues. J  Neurol Neurosurg Psychiatry, 79, 6-11.

LOGROSCINO, G., TRAYNOR, B. J., HARDIMAN, O., CHIO, A., MITCHELL,
D., SWINGLER, R. J., MILLUL, A., BENN, E. & BEGHI, E. 2010. Incidence 
o f  amyotrophic lateral sclerosis in Europe. J  Neurol Neurosurg Psychiatry, 81, 
385-90.

LOMEN-HOERTH, C. 2004. Characterization o f  amyotrophic lateral sclerosis and 
frontotemporal dementia. Dement Geriatr Cogn Disord, 17, 337-41.

403



LOMEN-HOERTH, C., MURPHY, J., LANGMORE, S., KRAMER, J. H., OLNEY, 
R. K. & MILLER, B. 2003. Are amyotrophic lateral sclerosis patients 
cognitively normal? A^ewro/ogy, 60, 1094-7.

LOP ATE, G., BALOH, R. H., AL-LOZI, M. T., MILLER, T. M., FILHO, J. A., NI, 
O., LESTON, A., FLORENCE, J., SCHIERBECKER, J. & ALLRED, P.
2009. Familial ALS with extreme phenotypic variability due to the II13T 
SODl mutation. Amyotroph Lateral Scler, 1-5.

LOPEZ-VEGA, J. M., CALLEJA, J., COMBARROS, O., POLO, J. M. &
BERCIANO, J. 1988. Motor neuron disease in Cantabria. Acta Neurol Scand, 
77, 1-5.

LOPEZ DE MUNAIN, A., ALZUALDE, A., GOROSTIDI, A., OTAEGUI, D.,
RUIZ-MARTINEZ, J., INDAKOETXEA, B., FERRER, I., PEREZ-TUR, J., 
SAENZ, A., BERGARECHE, A., BARANDIARAN, M., POZA, J. J., 
ZABALZA, R., RUIZ, I., URTASUN, M., FERNANDEZ-MANCHOLA, I., 
OLASAGASTI, B., ESPINAL, J. B., OLASKOAGA, J., RUIBAL, M., 
MORENO, F., CARRERA, N. & MASSO, J. F. 2008. Mutations in 
progranulin gene: clinical, pathological, and ribonucleic acid expression 
findings. Biol Psychiatry, 63, 946-52.

LOUGH, S., KIPPS, C. M., TREISE, C., WATSON, P., BLAIR, J. R. & HODGES, J. 
R. 2006. Social reasoning, emotion and empathy in frontotemporal dementia. 
Neuropsychologia, 44, 950-8.

LULE, D., KURT, A., JURGENS, R., KASSUBEK, J., DIEKMANN, V., KRAFT,
E., NEUMANN, N., LUDOLPH, A. C., BIRBAUMER, N. & ANDERS, S. 
2005. Emotional responding in amyotrophic lateral sclerosis. J  Neurol, 252, 
1517-24.

LUZZI, S., PICCIRILLI, M. & PROVINCIALI, L. 2007. Perception of emotions on 
happy/sad chimeric faces in Alzheimer disease: relationship with cognitive 
funciions. Alzheimer Dis Assoc Disord, 21, 130-5.

MACKENZIE, I. R., BAKER, M., PICKERING-BROWN, S., HSIUNG, G. Y.,
LINDHOLM, C., DWOSH, E., GASS, J., CANNON, A., RADEMAKERS,
R., HUTTON, M. & FELDMAN, H. H. 2006. The neuropathology of 
frontotemporal lobar degeneration caused by mutations in the progranulin 
gene. Brain, 129,3081-90.

MACKENZIE, I. R., BIGIO, E. H., INCE, P. G., GESER, F., NEUMANN, M.,
CAIRNS, N. J., KWONG, L. K., FORMAN, M. S., RAVITS, J., STEWART, 
H., EISEN, A., MCCLUSKY, L., KRETZSCHMAR, H. A., MONORANU,
C. M., HIGHLEY, J. R., KIRBY, J., SIDDIQUE, T., SHAW, P. J., LEE, V.
M. & TROJANOWSKI, J. Q. 2007. Pathological TDP-43 distinguishes 
sporadic amyotrophic lateral sclerosis from amyotrophic lateral sclerosis with 
SODl mutations. Ann Neurol, 61, 427-34.

MACLEOD, C. M. 1991. Half a century of research on the Stroop effect: an 
integrative r e v i e w . 5 m //, 109, 163-203.

MAHONEY, C. J., BECK, J., ROHRER, J. D., LASHLEY, T., MOK, K.,
SHAKESPEARE, T., YEATMAN, T., WARRINGTON, E. K., SCHOTT, J. 
M., FOX, N. C., ROSSOR, M. N., HARDY, J., COLLINGE, J., REVESZ, T., 
MEAD, S. & WARREN, J. D. 2012. Frontotemporal dementia with the 
C90RF72 hexanucleotide repeat expansion: clinical, neuroanatomical and 
neuropathological features. Brain, 135, 736-50.

404



MAHONEY, C. J., ROHRER, J. D., OMAR, R., ROSSOR, M. N. & W ARREN, J. D. 
2011. Neuroanatomical profiles o f personality change in frontotemporal lobar 
degeneration. Br J  Psychiatry, 198, 365-72.

MAHURIN, R., COOKE, N, Verbal Series Attention Test: Clinical utility in the 
assessment o f dementia. . The Clinical Neuropsychologist, 10, 43-53.

MANDRIOLI, J., FAGLIONI, P., NICHELLI, P. & SOLA, P. 2006. Amyotrophic
lateral sclerosis; prognostic indicators o f  survival. Amyotroph Lateral Scler, 7, 
211 - 20 .

MANTOVAN, M. C., BAGGIO, L., DALLA BARBA, G., SMITH, P., PEGORARO, 
E., SORARU, G., BONOMETTO, P. & ANGELINI, C. 2003. Memory 
deficits and retrieval processes in ALS. Eur J  Neurol, 10, 221-7.

MARIE, P. 1892. Lectures on the diseases o f  spinal cord, Paris:;, Masson and Cie.
MARIN, B., KACEM, I., DIAGANA, M., BOULESTEIX, M., GOUIDER, R.,

PREUX, P. M. & COURATIER, P. 2012. Juvenile and adult-onset ALS/MND 
among Africans: incidence, phenotype, survival: a review. Amyotroph Lateral 
Scler, 13, 276-83.

MARTI-FABREGAS, J., PRADAS, J. & ILLA, I. 1996. [Prognostic factors in 
amyotrophic lateral sclerosis]. Neurologia, 11, 174-81.

MARTINEZ-CORRAL, M., PAGONABARRAGA, J., LLEBARIA, G., PASCUAL- 
SEDANO, B., GARCIA-SANCHEZ, C., GIRONELL, A. & KULISEVSKY, 
J. 2010. Facial emotion recognition impairment in patients with Parkinson's 
disease and isolated apathy. Parkinsons Dis, 2010, 930627.

MASE, G., ROS, S., GEMMA, A., BONFIGLI, L., CARRARO, N., CAZZATO, G., 
ROLFO, M., ZANCONATI, F., SEPCIC, J., JURJEVIC, A., PIRULLI, D., 
BONIOTTO, M., ZEZLINA, S., CROVELLA, S. & AMOROSO, A. 2001. 
ALS with variable phenotypes in a six-generation family caused by leul44phe 
mutation in the SODl gene. J  Neurol Sci, 191, 11-8.

MASELLIS, M., ZINMAN, L. & BLACK, S. E. 2010. More than just Trontal':
disentangling behavioural disturbances in amyotrophic lateral sclerosis. Eur J  
Neurol, 17, 5-7.

MASSMAN, P. J., SIMS, J., COOKE, N., HAVERKAMP, L. J., APPEL, V. &
APPEL, S. H. 1996. Prevalence and correlates o f  neuropsychological deficits 
in amyotrophic lateral sclerosis. J  Neurol Neurosurg Psychiatry, 61, 450-5.

MCGUIRE, V., LONGSTRETH, W. T., JR., KOEPSELL, T. D. & VAN BELLE, G. 
1996. Incidence o f amyotrophic lateral sclerosis in three counties in western 
Washington state. Neurology, 47, 571-3.

MCKHANN, G., DRACHMAN, D., FOLSTEIN, M., KATZMAN, R., PRICE, D. & 
STADLAN, E. M. 1984. Clinical diagnosis o f  Alzheimer's disease: report o f 
the NINCDS-ADRDA Work Group under the auspices o f Department o f 
Health and Human Services Task Force on Alzheimer's Disease. Neurology, 
34, 939-44.

MCNAMARA, P. & DURSO, R. 2003. Pragmatic communication skills in patients 
with Parkinson's disease. Brain Lang, 84, 414-23.

MEIER, S. L., CHARLESTON, A. J. & TIPPETT, L. J. 2010. Cognitive and
behavioural deficits associated with the orbitomedial prefrontal cortex in 
amyotrophic lateral sclerosis. Brain, 133, 3444-57.

MENDEZ, M. F., ANDERSON, E. & SHAPIRA, J. S. 2005a. An invesfigafion o f
moral judgement in frontotemporal dementia. Cogn Behav Neurol, 18, 193-7.

405



MENDEZ, M. F., CHEN, A. K., SHAPIRA, J. S. & MILLER, B. L. 2005b. Acquired 
sociopathy and frontotemporal dementia. Dement Geriatr Cogn Disord, 20, 
99-104.

MENGELBERG, A. & SIEGERT, R. J. 2003. Is theory-of-mind impaired in 
Parkinson's disease? Cogn Neuropsychiatry, 8, 191-209.

MERRILEES, J., KLAPPER, J., MURPHY, J., LOMEN-HOERTH, C. & MILLER, 
B. L. 2010. Cognitive and behavioral challenges in caring for patients with 
frontotemporal dementia and amyotrophic lateral sclerosis. Amyotroph Lateral 
Scler, 11,298-302.

MEYERS, J. E., MEYERS, K. R. 1995. Rey Complex Figure Test and Recognition 
Trial, Professional Manual, Odessa, FL, Psychological Assessment 
Resources, Inc.

MILDERS, M., CRAWFORD, J. R., LAMB, A. & SIMPSON, S. A. 2003.
Differential deficits in expression recognition in gene-carriers and patients 
with Huntington's disease. Neuropsychologia, 41, 1484-92.

MILLAR, D., GRIFFITHS, P., ZERMANSKY, A. J. & BURN, D. J. 2006.
Characterizing behavioral and cognitive dysexecutive changes in progressive 
supranuclear palsy. Mov Disord, 21, 199-207.

MILLER, R. G., MITCHELL, J. D. & MOORE, D. H. 2012. Riluzole for
amyotrophic lateral sclerosis (ALS)/motor neuron disease (MND). Cochrane 
Database Syst Rev, 3, CD001447.

MILLER, R. G., MUNSAT, T. L., SWASH, M. BROOKS, B. R. 1999. Consensus 
guidelines for the design and implementation of clinical trials in ALS. World 
Federation o f Neurology committee on Research. J  Neurol Sci, 169, 2-12.

MIMURA, M., KOKUBO, Y. & KUZUHARA, S. 200. Similar topographical 
distribution of neurofibrilary tangles in mayotrophic lateral sclerosis and 
parkinsonism dementia complex in people living in the Kii peninsua of Japan 
suggests a single tauopathy. Acta Neuropathol, 113, 653-658.

MIMURA, M., OEDA, R. & KAWAMURA, M. 2006. Impaired decision-making in 
Parkinson's disease. Parkinsonism Relat Disord, 12, 169-75.

MITCHELL, J., ARNOLD, R., DAWSON, K., NESTOR, P. J. & HODGES, J. R. 
2009. Outcome in subgroups of mild cognitive impairment (MCI) is highly 
predictable using a simple algorithm. J  Neurol, 256, 1500-9.

MONETTA, L., CHEANG, H. S. & PELL, M. D. 2008. Understanding speaker
attitudes from prosody by adults with Parkinson's disease. J  Neuropsychol, 2, 
415-30.

MONETTA, L., GRINDROD, C. M. & PELL, M. D. 2009. Irony comprehension and 
theory o f mind deficits in patients with Parkinson's disease. Cortex, 45, 972- 
81.

MONTAG, C., SCHUBERT, F., HEINZ, A. & GALLINAT, J. 2008. Prefrontal 
cortex glutamate correlates with mental perspective-taking. PLoS One, 3, 
e3890.

MONTAGNE, B., KESSELS, R. P., KAMMERS, M. P., KINGMA, E., DE HAAN,
E. H., ROOS, R. A. & MIDDELKOOP, H. A. 2006. Perception of emotional 
facial expressions at different intensities in early-symptomatic Huntington's 
diised&e. Eur Neurol, 55, 151-4.

MORAHAN, J. M., YU, B., TRENT, R. J. & PAMPHLETT, R. 2007. Genetic 
susceptibility to environmental toxicants in ALS. Am J  Med Genet B 
Neuropsychiatr Genet, 144B, 885-90.

406



MORETTI, R., TORRE, P., ANTONELLO, R. M., CARRARO, N., CAZZATO, G.
& BAVA, A. 2002. Complex cognitive disruption in motor neuron disease. 
Dement Geriatr Cogn Disord, 14, 141-50.

MORI, H., YAGISHITA, A., TAKEDA, T. & MIZUTANI, T. 2007. Symmetric
temporal abnormalities on MR imaging in amyotrophic lateral sclerosis with 
dementia. AJNR Am J  Neuroradiol, 28, 1511-6.

MORITA, M., AL-CHALABI, A., ANDERSEN, P. M., HOSLER, B., SAPP, P.,
ENGLUND, E., MITCHELL, J. E., HABGOOD, J. J., DE BELLEROCHE, J., 
XI, J., JONGJAROENPRASERT, W., HORVITZ, H. R., GUNNARSSON, L. 
G. & BROWN, R. H., JR. 2006. A locus on chromosome 9p confers 
susceptibility to ALS and frontotemporal dementia. Neurology, 66, 839-44.

MURPHY, J., HENRY, R. & LOMEN-HOERTH, C. 2007a. Establishing subtypes o f 
the continuum o f frontal lobe impairment in amyotrophic lateral sclerosis.
Arch Neurol, 64, 330-4.

MURPHY, J. M., HENRY, R. G., LANGMORE, S., KRAMER, J. H., MILLER, B.
L. & LOMEN-HOERTH, C. 2007b. Continuum o f frontal lobe impairment in 
amyotrophic lateral sclerosis. Arch Neurol, 64, 530-4.

MURROS, K. & FOGELHOLM, R. 1983. Amyotrophic lateral sclerosis in Middle- 
Finland; an epidemiological study. Acta Neurol Scand, 67, 41-7.

NARUSE, H., TAKAHASHI, Y., KIHIRA, T., YOSHIDA, S., KOKUBO, Y.,
KUZUHARA, S., ISHIURA, H., AMAGASA, M., MURAYAMA, S., TSUJI, 
S. & GOTO, J. 2012. Mutational analysis o f familial and sporadic 
amyotrophic lateral sclerosis with OPTN mutations in Japanese population. 
Amyotroph Lateral Scler.

NEARY, D., SNOWDEN, J. & MANN, D. 2005. Frontotemporal dementia. Lancet 
Neurol, 4, 771-80.

NEARY, D., SNOWDEN, J. S., GUSTAFSON, L., PASSANT, U., STUSS, D.,
BLACK, S., FREEDMAN, M., KERTESZ, A., ROBERT, P. H., ALBERT,
M., BOONE, K., MILLER, B. L., CUMMINGS, J. & BENSON, D. F. 1998. 
Frontotemporal lobar degeneration: a consensus on clinical diagnostic criteria. 
Neurology, 51, 1546-54.

NELSON, L. M., MATKIN, C., LONGSTRETH, W. T., JR. & MCGUIRE, V. 2000a. 
Population-based case-control study o f amyotrophic lateral sclerosis in 
western Washington State. II. Diet. Am J  Epidemiol, 151, 164-73.

NELSON, L. M., MCGUIRE, V., LONGSTRETH, W. T., JR. & MATKIN, C.
2000b. Population-based case-control study o f amyotrophic lateral sclerosis in 
western W ashington State. I. Cigarette smoking and alcohol consumption. Am 
J  Epidemiol, 151, 156-63.

NEUMANN, M., KWONG, L. K., LEE, E. B., KREMMER, E., FLATLEY, A., XU, 
Y., FORMAN, M. S., TROOST, D., KRETZSCHMAR, H. A., 
TROJANOWSKI, J. Q. & LEE, V. M. 2009a. Phosphorylation o f S409/410 o f 
TDP-43 is a consistent feature in all sporadic and familial forms o f TDP-43 
proteinopathies. ^cto  117, 137-49.

NEUMANN, M., RADEMAKERS, R., ROEBER, S., BAKER, M.,
KRETZSCHMAR, H. A. & MACKENZIE, I. R. 2009b. A new subtype o f 
frontotemporal lobar degeneration with FUS pathology. Brain, 132, 2922-31.

NEUMANN, M., SAMPATHU, D. M., KWONG, L. K., TRUAX, A. C.,
MICSENYl, M. C., CHOU, T. T., BRUCE, J., SCHUCK, T., GROSSMAN, 
M., CLARK, C. M., MCCLUSKEY, L. F., MILLER, B. L., MASLIAH, E., 
MACKENZIE, I. R., FELDMAN, H., FEIDEN, W., KRETZSCHMAR, H. A.,

407



TROJANOWSKI, J. Q. & LEE, V. M. 2006. Ubiquitinated TDP-43 in 
frontotemporal lobar degeneration and amyotrophic lateral sclerosis. Science, 
314, 130-3.

NEWSOM-DAVIS, I. C., LYALL, R. A., LEIGH, P. N., MOXHAM, J. &
GOLDSTEIN, L. H. 2001. The effect of non-invasive positive pressure 
ventilation (NIPPV) on cognitive function in amyotrophic lateral sclerosis 
(ALS): a prospective study. J  Neurol Neurosurg Psychiatry, 71, 482-7.

NICHOLAS, M., OBLER, L., ALBERT, M. & GOODGLASS, H. 1985. Lexical 
retrieval in healthy aging. Cortex, 21, 595-606.

NIELSEN, T. R., VOGEL, A. & WALDEMAR, G. 2012. Comparison of
performance on three neuropsychological tests in healthy Turkish immigrants 
and Danish elderly. Int Psychogeriatr, 24, 1515-21.

NISHIHIRA, Y., TAN, C. F., ONODERA, O., TOYOSHIMA, Y., YAMADA, M., 
MORITA, T., NISHIZAWA, M., KAKITA, A. & TAKAHASHI, H. 2008. 
Sporadic amyotrophic lateral sclerosis: two pathological patterns shown by 
analysis of distribution of TDP-43-immunoreactive neuronal and glial 
cytoplasmic inclusions. Acta Neuropathol, 116, 169-82.

NORMAN, G., STREINER, DL 2002. Biostatistics; The Bare Essentials, Hamilton, 
Ontario, Decker BC.

NORMAN, M. A., MOORE, D. J., TAYLOR, M., FRANKLIN, D., JR., CYSIQUE, 
L., AKE, C., LAZARRETTO, D., VAIDA, F., HEATON, R. K. & GROUP,
H. 2011. Demographically corrected norms for African Americans and 
Caucasians on the Hopkins Verbal Learning Test-Revised, Brief Visuospatial 
Memory Test-Revised, Stroop Color and Word Test, and Wisconsin Card 
Sorting Test 64-Card Version. J  Clin Exp Neuropsychol, 33, 793-804.

O'CONNEL P , P. D. 2004. Population Ageing in Ireland; Projections from 2002 to 
2021. /or the National Council on Ageing and Older People, available at 
http://www.nuim.ie/staff/dpringle/ncaop-report.pdf

O'KEEFFE, F. M., MURRAY, B., COEN, R. F., DOCKREE, P. M., BELLGROVE, 
M. A., GARAVAN, H., LYNCH, T. & ROBERTSON, I. H. 2007. Loss of 
insight in frontotemporal dementia, corticobasal degeneration and progressive 
supranuclear palsy. Brain, 130, 753-64.

O'TOOLE, O., TRAYNOR, B. J., BRENNAN, P., SHEEHAN, C., FROST, E.,
CORR, B. & HARDIMAN, O. 2008. Epidemiology and clinical features of 
amyotrophic lateral sclerosis in Ireland between 1995 and 2004. J  Neurol 
Neurosurg Psychiatry, 79, 30-2.

OLNEY, R. K., MURPHY, J., FORSHEW, D., GARWOOD, E., MILLER, B. L.,
LANGMORE, S., KOHN, M. A. & LOMEN-HOERTH, C. 2005. The effects 
o f executive and behavioral dysfunction on the course o f ALS. Neurology, 65, 
1774-7.

OMAR, R., SAMPSON, E. L., LOY, C. T., MUMMERY, C. J., FOX, N. C.,
ROSSOR, M. N. & WARREN, J. D. 2009. Delusions in frontotemporal lobar 
degeneration. J  Neurol, 256, 600-7.

OSKARSSON, B., QUAN, D., ROLLINS, Y. D., NEVILLE, H. E., RINGEL, S. P. & 
ARCINIEGAS, D. B. 2010. Using the Frontal Assessment Battery to identify 
executive function impairments in amyotrophic lateral sclerosis: A preliminary 
experience. Amyotroph Lateral Scler, 11, 244-7.

OSTERRIETH, P. A. 1944. "Filetest de copie d'une figure complex: Contribution a 
I'etude de la perception et de la memoire [The test of copying a complex

408



figure: A contribution to the study o f perception and memory]". . Archives de 
Psychologic, 30, 286-356.

P.W. HALLIGAN, D. T. W. (ed.) 2005. Effectiveness o f  Rehabilitation for
Cognitive Deficits Oxford: Oxford University Press.
PAILLISSE, C., LACOMBLEZ, L., DIB, M., BENSIMON, G., GARCIA-ACOSTA, 

S. & MEININGER, V. 2005. Prognostic factors for survival in amyotrophic 
lateral sclerosis patients treated with riluzole. Amyotroph Lateral Scler Other 
Motor Neuron Disord, 6, 37-44.

PALMIERI, A., NACCARATO, M., ABRAHAMS, S., BONATO, M., D'ASCENZO, 
C., BALESTRERI, S., CIMA, V., QUERIN, G., DAL BORGO, R., 
BARACHINO, L., VOLPATO, C., SEMENZA, C., PEGORARO, E., 
ANGELINI, C. & SORARU, G. 2010. Right hemisphere dysfunction and 
emotional processing in ALS: an fMRI study. JNeurol, 257, 1970-8.

PAPPS, B., ABRAHAMS, S., WICKS, P., LEIGH, P. N. & GOLDSTEIN, L. H.
2005. Changes in memory for emotional material in amyotrophic lateral 
sclerosis (ALS). Neuropsychologia, 43, 1107-14.

PARKER, C. & PHILP, I. 2004. Screening for cognitive impairment among older 
people in black and minority ethnic groups. Age Ageing, 33, 447-52.

PARKINSON, N., INCE, P. G., SMITH, M. O., HIGHLEY, R., SKIBINSKL G., 
ANDERSEN, P. M., MORRISON, K. E., PALL, H. S., HARDIMAN, O., 
COLLINGE, J„ SHAW, P. J. & FISHER, E. M. 2006. ALS phenotypes with 
mutations in CHMP2B (charged multivesicular body protein 2B). Neurology, 
67,1074-7.

PAULMANN, S., PELL, M. D. & KOTZ, S. A. 2009. Comparative processing o f 
emotional prosody and semantics following basal ganglia infarcts: ERP 
evidence o f selective impairments for disgust and fear. Brain Res, 1295, 159- 
69.

PELL, M. D. & LEONARD, C. L. 2003. Processing emotional tone from speech in 
Parkinson's disease: a role for the basal ganglia. Cogn Affect Behav Neurosci,
3, 275-88.

PELL, M. D. & LEONARD, C. L. 2005. Facial expression decoding in early 
Parkinson's disease. Brain Res Cogn Brain Res, 23, 327-40.

PEREIRA, J. M., WILLIAMS, G. B., ACOSTA-CABRONERO, J., PENGAS, G., 
SPILLANTINI, M. G., XUEREB, J. H., HODGES, J. R. & NESTOR, P. J. 
2009. Atrophy patterns in histologic vs clinical groupings o f frontotemporal 
lobar degeneration. jVeMro/ogy, 72, 1653-60.

PERNER J, W. H. 1985. "John thinks that Mary thinks that..." attribution o f second- 
order beliefs by 5- to 10-year-old children. Journal o f  Experimental Child 
Psychology, 39, 34.

PERON, J., VICENTE, S., LERAY, E., DRAPIER, S., DRAPIER, D., COHEN, R., 
BISEUL, I., ROUAUD, T., LE JEUNE, F., SAULEAU, P. & VERIN, M. 
2009. Are dopaminergic pathways involved in theory o f mind? A study in 
Parkinson's disease. Neuropsychologia, 47, 406-14.

PHILLIPS, L. H., SCOTT, C., HENRY, J. D., MOW AT, D. & BELL, J. S. 2010. 
Emotion perception in Alzheimer's disease and mood disorder in old age. 
Psychol Aging, 25, 38-47.

PHUKAN, J., ELAMIN, M., BEDE, P., JORDAN, N., GALLAGHER, L., BYRNE, 
S., LYNCH, C., PENDER, N. & HARDIMAN, O. 2011. The syndrome of 
cognitive impairment in amyotrophic lateral sclerosis: a population-based 
study. J  Neurol Neurosurg Psychiatry.

409



PHUKAN, J., PENDER, N. P. & HARDIMAN, O. 2007. Cognitive impairment in 
amyotrophic lateral sclerosis. Lancet Neurol, 6, 994-1003.

PIAZZA, O., SIREN, A. L. & EHRENREICH, H. 2004. Soccer, neurotrauma and 
amyotrophic lateral sclerosis: is there a connection? Curr Med Res Opin, 20, 
505-8.

PIGUET, O., HORNBERGER, M., MIOSHI, E. & HODGES, J. R. 2011.
Behavioural-variant frontotemporal dementia: diagnosis, clinical staging, and 
management. Z-a«ce? jVewro/, 10, 162-72.

PINTO, S., PINTO, A. & DE CARVALHO, M. 2007. Do bulbar-onset amyotrophic 
lateral sclerosis patients have an earlier respiratory involvement than spinal- 
onset amyotrophic lateral sclerosis patients? Eura Medicophys, 43, 505-9.

POLONI, M., CAPITANI, E., MAZZINI, L. & CERONI, M. 1986.
Neuropsychological measures in amyotrophic lateral sclerosis and their 
relationship with CT scan-assessed cerebral atrophy. Acta Neurol Scand, 74, 
257-60.

PREMACK, D. G., &WOODRUFF, G. 1978. Does the chimpanzee have a theory of 
mind? Behavioral and Brain Sciences, 1, 515-526.

RAAPHORST, J., BEELDMAN, E., DE VISSER, M., DE HAAN, R. J. &
SCHMAND, B. 2012. A systematic review of behavioural changes in motor 
neuron disease. Amyotroph Lateral Scler, 13, 493-501.

RAAPHORST, J., DE VISSER, M., LINSSEN, W. H., DE HAAN, R. J. &
SCHMAND, B. 2010a. The cognitive profile of amyotrophic lateral sclerosis: 
A meta-analysis. Amyotroph Lateral Scler, 11, 27-37.

RAAPHORST, J., DE VISSER, M., VAN TOL, M. J., LINSSEN, W. H., VAN DER 
KOOI, A. J., DE HAAN, R. J., VAN DEN BERG, L. H. & SCHMAND, B. 
2010b. Cognitive dysfunction in lower motor neuron disease: executive and 
memory deficits in progressive muscular atrophy. J  Neurol Neurosurg 
Psychiatry.

RADHAKRISHNAN, K., ASHOK, P. P., SRIDHARAN, R. & MOUSA, M. E. 1986. 
Descriptive epidemiology of motor neuron disease in Benghazi, Libya. 
Neuroepidemiology, 5, 47-54.

RAKOWICZ, W. P. & HODGES, J. R. 1998. Dementia and aphasia in motor neuron 
disease: an underrecognised association? J  Neurol Neurosurg Psychiatry, 65, 
881-9.

RANKIN, K. P., GORNO-TEMPINI, M. L., ALLISON, S. C., STANLEY, C. M.,
GLENN, S., WEINER, M. W. & MILLER, B. L. 2006. Structural anatomy of 
empathy in neurodegenerative disease. Brain, 129, 2945-56.

RANKIN, K. P., SANTOS-MODESITT, W., KRAMER, J. H., PAVLIC, D., 
BECKMAN, V. & MILLER, B. L. 2008. Spontaneous social behaviors 
discriminate behavioral dementias from psychiatric disorders and other 
dementias. J  Clin Psychiatry, 69, 60-73.

RASCOVSKY K, HODGES JR, KNOPMAN D, MENDEZ MF, KRAMER JH, 
NEUHAUS J, et al. Sensitivity o f revised diagnostic criteria for the 
behavioural variant of frontotemporal dementia. Brain : a journal of 
neurology.2011; 134(Pt 9):2456-77.

RAVEN, J., RAVEN, JC, COURT, JH 1998. Raven manual: Section 2. Coloured 
Progressive Matrices, Oxford,UK, Oxford Psychologists Press Ltd.

RAVITS, J. M. & LA SPADA, A. R. 2009. ALS motor phenotype heterogeneity, 
focality, and spread: deconstructing motor neuron degeneration. Neurology, 
73, 805-11.

410



REED, D. M. & BRODY, J. A. 1975. Amyotrophic lateral sclerosis and
parkinsonism-dementia on Guam, 1945-1972. I. Descriptive epidemiology.
Am J  Epidemiol, 101,287-301.

RENTON, A. E., MAJOUNIE, E., WAITE, A., SIMON-SANCHEZ, J.,
ROLLINSON, S., GIBBS, J. R., SCHYMICK, J. C., LAAKSOVIRTA, H., 
VAN SWIETEN, J. C., MYLLYKANGAS, L., KALIMO, H., PAETAU, A., 
ABRAMZON, Y., REMES, A. M., KAGANOVICH, A., SCHOLZ, S. W., 
DUCKWORTH, J., DING, J., HARMER, D. W., HERNANDEZ, D. G., 
JOHNSON, J. O., MOK, K., RYTEN, M., TRABZUNI, D., GUERREIRO, R. 
J., ORRELL, R. W., NEAL, J., MURRAY, A., PEARSON, J., JANSEN, I. E., 
SONDERVAN, D., SEELAAR, H., BLAKE, D., YOUNG, K., HALLIWELL, 
N., CALLISTER, J. B., TOULSON, G., RICHARDSON, A., GERHARD, A., 
SNOWDEN, J., MANN, D., NEARY, D., NALLS, M. A., PEURALINNA,
T., JANSSON, L., ISOVIITA, V. M., KAIVORINNE, A. L., HOLTTA- 
VUORI, M., IKONEN, E., SULKAVA, R., BENATAR, M., WUU, J., CHIO, 
A., RESTAGNO, G., BORGHERO, G., SABATELLL M., CONSORTIUM,
I., HECKERMAN, D., ROGAEVA, E., ZINMAN, L., ROTHSTEIN, J. D., 
SENDTNER, M., DREPPER, C., EICHLER, E. E., ALKAN, C., 
ABDULLAEV, Z., PACK, S. D., DUTRA, A., PAK, E., HARDY, J., 
SINGLETON, A., WILLIAMS, N. M., HEUTINK, P., PICKERING- 
BROWN, S., MORRIS, H. R., TIENARI, P. J. & TRAYNOR, B. J. 2011. A 
hexanucleotide repeat expansion in C 90R F72 is the cause o f chromosome 
9p21-linked ALS-FTD. Neuron, 72, 257-68.

REY, A. 1941. "L’examen psychologique dans les cas d ’encephalopathie
traumatique.(Les problems.)". Archives de Psychologie 28, 215-285.

RINGHOLZ, G. M., APPEL, S. H., BRADSHAW, M., COOKE, N. A., MOSNIK, D. 
M. & SCHULZ, P. E. 2005. Prevalence and patterns o f  cognitive impainnent 
in sporadic ALS. Neurology, 65, 586-90.

RIPPON, G. A., SCARMEAS, N., GORDON, P. H., MURPHY, P. L., ALBERT, S. 
M., MITSUMOTO, H., MARDER, K., ROWLAND, L. P. & STERN, Y. 
2006. An observational study o f cognitive impairment in amyotrophic lateral 
sclerosis. Arch Neurol, 63, 345-52.

ROBINSON, K. M., LACEY, S. C., GRUGAN, P., GLOSSER, G., GROSSMAN, M. 
& MCCLUSKEY, L. F. 2006. Cognitive functioning in sporadic amyotrophic 
lateral sclerosis: a six month longitudinal study. J  Neurol Neurosurg  
Psychiatry, 77, 668-70.

ROBOTHAM, L., SAUTER, D. A., BACHOUD-LEVI, A. C. & TRINKLER, I.
2011. The impairment o f emotion recognition in Huntington's disease extends 
to positive emotions. Cortex, 47, 880-4.

ROCA, M., TORRALVA, T., GLEICHGERRCHT, E., CHADE, A., AREVALO, G. 
G., GERSHANIK, O. & MANES, F. 2010. Impairments in social cognition in 
early medicated and unmedicated Parkinson disease. Cogn Behav Neurol, 23, 
152-8.

ROCHE, J. C., ROJAS-GARCIA, R., SCOTT, K. M., SCOTTON, W., ELLIS, C. E., 
BURMAN, R., WIJESEKERA, L., TURNER, M. R., LEIGH, P. N., SHAW, 
C. E. & AL-CHALABI, A. 2012. A proposed staging system for amyotrophic 
lateral sclerosis. Brain, 135, 847-52.

ROHRER, J. D., KNIGHT, W. D., W ARREN, J. E., FOX, N. C., ROSSOR, M. N. &. 
WARREN, J. D. 2008. W ord-finding difficulty: a clinical analysis o f the 
progressive aphasias. Brain. 131, 8-38.

411



ROJAS-GARCIA, R., SCOTT, K. M., ROCHE, J. C., SCOTTON, W., MARTIN, N., 
JANSSEN, A., GOLDSTEIN, L. H., LEIGH, P. N., ELLIS, C. M., SHAW, C. 
E. & AL-CHALABI, A. 2012. No evidence for a large difference in ALS 
frequency in populations o f African and European origin: a population based 
study in inner city London. Amyotroph Lateral Scler, 13, 66-8.

ROSEN, H. J., ALLISON, S. C., SCHAUER, G. F., GORNO-TEMPINI, M. L., 
WEINER, M. W. & MILLER, B. L. 2005. Neuroanatomical correlates o f 
behavioural disorders in dementia. Brain, 128, 2612-25.

ROSEN, H. J., PACE-SAVITSKY, K., PERRY, R. J., KRAMER, J. H., MILLER, B. 
L. & LEVENSON, R. W. 2004. Recognition o f emotion in the frontal and 
temporal variants o f  frontotemporal dementia. Dement Geriatr Cogn Disord, 
17, 277-81.

ROSENFELD, J. & SWASH, M. 2006. What's in a name? Lumping or splitting ALS, 
PLS, PMA, and the other motor neuron diseases. Neurology, 66, 624-5.

ROYALL, D. R., LAUTERBACH, E. C., CUMMINGS, J. L., REEVE, A.,
RUMMANS, T. A., KAUFER, D. I., LAFRANCE, W. C., JR. & COFFEY, C. 
E. 2002. Executive control function: a review o f its promise and challenges for 
clinical research. A report from the Committee on Research o f  the American 
Neuropsychiatric Association. J  Neuropsychiatry Clin Neurosci, 14, 377-405.

RUBY, P. & DECETY, J. 2003. What you believe versus what you think they 
believe: a neuroimaging study o f conceptual perspective-taking. Eur J  
Neurosci, 17,2475-80.

RUBY, P. & DECETY, J. 2004. How would you feel versus how do you think she
would feel? A neuroimaging study o f perspective-taking with social emotions. 
J  Cogn Neurosci, 16, 988-99.

RUSINA, R., RIDZON, P., KULIST'AK, P., KELLER, O., BARTOS, A.,
BUNCOVA, M., FIALOVA, L., KOUKOLIK, F. & MATEJ, R. 2010. 
Relationship between ALS and the degree o f cognitive impairment, markers o f 
neurodegeneration and predictors for poor outcome. A prospective study. Eur 
J  Neurol, 17,23-30.

SABATINELLI, D., FORTUNE, E. E., LI, Q., SIDDIQUI, A., KRAFFT, C.,
OLIVER, W. T., BECK, S. «& JEFFRIES, J. 2011. Emotional perception: 
meta-analyses o f  face and natural scene processing. Neuroimage, 54, 2524-33.

SAGE, C. A., VAN HECKE, W., PEETERS, R., SOBERS, J., ROBBERECHT, W., 
PARIZEL, P., MARCHAL, G., LEEMANS, A. & SUNAERT, S. 2009. 
Quantitative diffusion tensor imaging in amyotrophic lateral sclerosis: 
revisited. Hum Brain Mapp, 30, 3657-75.

SALTZMAN, J., STRAUSS, E., HUNTER, M. & ARCHIBALD, S. 2000. Theory o f 
mind and executive functions in normal human aging and Parkinson's disease. 
J  Int Neuropsychol Soc, 6, 781-8.

SAMPATHU, D. M., NEUMANN, M., KWONG, L. K., CHOU, T. T., MICSENYI, 
M., TRUAX, A., BRUCE, J., GROSSMAN, M., TROJANOWSKI, J. Q. & 
LEE, V. M. 2006. Pathological heterogeneity o f frontotemporal lobar 
degeneration with ubiquitin-positive inclusions delineated by ubiquitin 
immunohistochemistry and novel monoclonal antibodies. Am J  Pathol, 169, 
1343-52.

SATOH, M., TAKEDA, K. & KUZUHARA, S. 2009. Agraphia in intellectually
normal Japanese patients with ALS: Omission o f kana letters. J  Neurol, 256, 
1455-1460.

412



SAVICA, R., ADELI, A., VEMURI, P., KNOPMAN, D. S., DEJESUS-
HERNANDEZ, M., RADEMAKERS, R., FIELDS, J. A., WHITWELL, J., 
JACK, C. R., LOWE, V., PETERSEN, R. C. & BOEVE, B. F. 2012. 
Characterization o f a Family With c9FTD/ALS Associated With the 
GGGGCC Repeat Expansion in C90RF72Characterization o f a Family With 
c9FTD/ALS./ire/? A^ewro/, 1-6.

SAWAMOTO, N., PICCINI, P., HOTTON, G., PAVESE, N., THIELEMANS, K. & 
BROOKS, D. J. 2008. Cognitive deficits and striato-frontal dopamine release 
in Parkinson's disease. Brain, 131, 1294-302.

SCHMOLCK, H., MOSNIK, D. &. SCHULZ, P. 2007. Rating the approachability o f 
faces in ALS. Neurology, 69, 2232-5.

SCHREIBER, H., GAIGALAT, T., W IEDEM UTH-CATRINESCU, U., GRAF, M., 
UTTNER, L, MUCHE, R. & LUDOLPH, A. C. 2005. Cognitive function in 
bulbar- and spinal-onset amyotrophic lateral sclerosis. A longitudinal study in 
52 patients. J  Neurol, 252, 772-81.

SCHYMICK, J. C., YANG, Y., ANDERSEN, P. M., VONSATTEL, J. P.,
GREENWAY, M., MOMENI, P., ELDER, J., CHIO, A., RESTAGNO, G., 
ROBBERECHT, W., DAHLBERG, C., M UKHERJEE, O., GOATE, A., 
GRAFF-RADFORD, N., CASELLI, R. J., HUTTON, M., GASS, J., 
CANNON, A., RADEMAKERS, R., SINGLETON, A. B., HARDIMAN, O., 
ROTHSTEIN, J., HARDY, J. & TRAYNOR, B. J. 2007. Progranulin 
mutations and amyotrophic lateral sclerosis or amyotrophic lateral sclerosis- 
frontotemporal dementia phenotypes. J  Neurol Neurosurg Psychiatry, 78, 754- 
6 .

SCOTTON, W. J., SCOTT, K. M., MOORE, D. H., ALMEDOM, L., WIJESEKERA, 
L. C., JANSSEN, A., NIGRO, C., SAKEL, M., LEIGH, P. N., SHAW, C. & 
AL-CHALABI, A. 2012. Prognostic categories for amyotrophic lateral 
sclerosis. Amyotroph Lateral Scler, 13, 502-8.

SEELAAR, H., SCHELHAAS, H. J., AZMANI, A., KUSTERS, B., ROSSO, S., 
MAJOOR-KRAKAUER, D., DE RIJIK, M. C., RIZZU, P., TEN 
BRUMMELHUIS, M., VAN DOORN, P. A., KAMPHORST, W., 
W ILLEMSEN, R. & VAN SWIETEN, J. C. 2007. TDP-43 pathology in 
familial frontotemporal dementia and motor neuron disease without 
Progranulin mutations. 130, 1375-85.

SENDA, J., KATO, S., KAGA, T., ITO, M., ATSUTA, N., NAKAMURA, T., 
W ATANABE, H., TANAKA, F., NAGANAW A, S. & SOBUE, G. 2011. 
Progressive and widespread brain damage in ALS: MRI voxel-based 
morphometry and diffusion tensor imaging study. Amyotroph Lateral Scler,
12, 59-69.

SERRA, L., PERRI, R., FADDA, L., PADOVANI, A., LORUSSO, S., PETTENATI, 
C., CALTAGIRONE, C. & CARLESIMO, G. A. 2010. Relationship between 
cognitive impairment and behavioural disturbances in Alzheimer's disease 

Behav Neurol, 23, 123-30.
SHALLICE, T. 1988. From neuropsychology to mental structure, Cambridge 

University Press:.
SHAMAY-TSOORY, S. G. 2011. The neural bases for empathy. Neuroscientist, 17, 

18-24.
SHAMAY-TSOORY, S. G. & AHARON-PERETZ, J. 2007. Dissociable prefrontal 

networks for cognitive and affective theory o f  mind: a lesion study. 
Neuropsychologia, 45, 3054-67.

413



SHAMAY-TSOORY, S. G., AHARON-PERETZ, J. & PERRY, D. 2009. Two
systems for empathy: a double dissociation between emotional and cognitive 
empathy in inferior frontal gyrus versus ventromedial prefrontal lesions.
Brain, 132,617-27.

SHAMAY-TSOORY, S. G., HARARI, H., AHARON-PERETZ, J. & LEVKOVITZ, 
Y. 2010. The role o f the orbitofrontal cortex in affective theory of mind 
deficits in criminal offenders with psychopathic tendencies. Cortex, 46, 668- 
77.

SHANY-UR, T., POORZAND, P., GROSSMAN, S. N., GROWDON, M. E., JANG, 
J. Y., KETELLE, R. S., MILLER, B. L. & RANKIN, K. P. 2011. 
Comprehension o f insincere communication in neurodegenerative disease: 
Lies, sarcasm, and theory of mind. Cortex.

SHIMOKAWA, A., YATOMI, N., ANAMIZU, S., TORII, S., ISONO, H., SUGAI,
Y. & KOHNO, M. 2001. Influence of deteriorating ability of emotional 
comprehension on interpersonal behavior in Alzheimer-type dementia. Brain 
Cogn, 47, 423-33.

SHIN, M. S., PARK, S. Y., PARK, S. R., SEOL, S. H. & KWON, J. S. 2006. Clinical 
and empirical applications of the Rey-Osterrieth Complex Figure Test. Nat 
Protoc, 1, 892-9.

SIMON-SANCHEZ, J., DOPPER, E. G., COHN-HOKKE, P. E., HUKEMA, R. K., 
NICOLAOU, N., SEELAAR, H., DE GRAAF, J. R., DE KONING, I., VAN 
SCHOOR, N. M., DEEG, D. J., SMITS, M., RAAPHORST, J., VAN DEN 
BERG, L. H., SCHELHAAS, H. J., DE DIE-SMULDERS, C. E., MAJOOR- 
KRAKAUER, D., ROZEMULLER, A. J., WILLEMSEN, R., PIJNENBURG, 
Y. A., HEUTINK, P. & VAN SWIETEN, J. C. 2012. The clinical and 
pathological phenotype o f C90RF72 hexanucleotide repeat expansions. Brain, 
135, 723-35.

SKUSE, D. H. & GALLAGHER, L. 2009. Dopaminergic-neuropeptide interactions in 
the social brain. Trends Cogn Sci, 13, 27-35.

SLEEGERS, K., BROUWERS, N., MAURER-STROH, S., VAN ES, M. A., VAN 
DAMME, P., VAN VUGHT, P. W., VAN DER ZEE, J., SERNEELS, S., DE 
POOTER, T., VAN DEN BROECK, M., CRUTS, M., SCHYMKOWITZ, J., 
DE JONGHE, P., ROUSSEAU, F., VAN DEN BERG, L. H.,
ROBBERECHT, W. & VAN BROECKHOVEN, C. 2008. Progranulin genetic 
variability contributes to amyotrophic lateral sclerosis. Neurology, 71, 253-9.

SMITH, B. N., NEWHOUSE, S., SHATUNOV, A., VANCE, C., TOPP, S., 
JOHNSON, L., MILLER, J., LEE, Y., TROAKES, C., SCOTT, K. M., 
JONES, A., GRAY, I., WRIGHT, J., HORTOBAGYI, T., AL-SARRAJ, S., 
ROGELJ, B., POWELL, J., LUPTON, M., LOVESTONE, S., SAPP, P. C., 
WEBER, M., NESTOR, P. J., SCHELHAAS, H. J., ASBROEK, A. A., 
SILANI, V., GELLERA, C., TARONI, F., TICOZZI, N., VAN DEN BERG, 
L., VELDINK, J., VAN DAMME, P., ROBBERECHT, W., SHAW, P. J., 
KIRBY, J., PALL, H., MORRISON, K. E., MORRIS, A., DE 
BELLEROCHE, J., VIANNEY DE JONG, J. M., BAAS, F., ANDERSEN, P. 
M., LANDERS, J., BROWN, R. H., JR., WEALE, M. E., AL-CHALABI, A.
& SHAW, C. E. 2012. The C90RF72 expansion mutation is a common cause 
o f ALS+/-FTD in Europe and has a single founder. EurJH um  Genet.

SNOWDEN, J., NEARY, D. & MANN, D. 2007. Frontotemporal lobar degeneration: 
clinical and pathological relationships. Acta Neuropathol, 114, 31-8.

414



SNOWDEN, J. S., AUSTIN, N. A., SEMBI, S., THOMPSON, J. C., CRAUFURD,
D. & NEARY, D. 2008. Emotion recognition in Huntington's disease and 
frontotemporal dementia. Neuropsychologia, 46, 2638-49.

SNOWDEN, J. S., GIBBONS, Z. C., BLACKSHAW, A., DOUBLEDAY, E.,
THOMPSON, J., CRAUFURD, D., FOSTER, J., HAPPE, F. & NEARY, D. 
2003. Social cognition in frontotemporal dementia and Huntington's disease. 
Neuropsychologia, 41, 688-701.

SNOWDEN, J. S., ROLLINSON, S., THOMPSON, J. C., HARRIS, J. M.,
STOPFORD, C. L., RICHARDSON, A. M., JONES, M., GERHARD, A., 
DAVIDSON, Y. S., ROBINSON, A., GIBBONS, L., HU, Q., DUPLESSIS, 
D., NEARY, D., MANN, D. M. & PICKERING-BROWN, S. M. 2012. 
Distinct clinical and pathological characteristics of frontotemporal dementia 
associated with C90RF72 mutations. Brain, 135, 693-708.

SOKOLOVSKY, N., COOK, A., HUNT, H., GIUNTI, P. & CIPOLOTTI, L. 2010. A 
preliminary characterisation of cognition and social cognition in 
spinocerebellar ataxia types 2, 1, and 7. Behav Neurol, 23, 17-29.

SOSA, A. L., ALBANESE, E., PRINCE, M., ACOSTA, D., FERRI, C. P., GUERRA, 
M., HUANG, Y., JACOB, K. S., DE RODRIGUEZ, J. L., SALAS, A.,
YANG, F., GAONA, C., JOTEESHWARAN, A., RODRIGUEZ, G., DE LA 
TORRE, G. R., WILLIAMS, J. D. & STEWART, R. 2009. Population 
normative data for the 10/66 Dementia Research Group cognitive test battery 
from Latin America, India and China: a cross-sectional survey. BMC Neurol,
9, 48.

SPINA, S., MURRELL, J. R., HUEY, E. D., WASSERMANN, E. M., PIETRINI, P., 
BARAIBAR, M. A., BARBEITO, A. G., TRONCOSO, J. C., VIDAL, R., 
GHETTl, B. & GRAFMAN, J. 2007. Clinicopathologic features of 
frontotemporal dementia with progranulin sequence variation. Neurology, 68, 
820-7.

SPOLETINI, I., MARRA, C., DI lULIO, F., GIANNI, W., SANCESARIO, G., 
GIUBILEI, F., TREQUATTRINI, A., BRIA, P., CALTAGIRONE, C. & 
SPALLETTA, G. 2008. Facial emotion recognition deficit in amnestic mild 
cognitive impairment and Alzheimer disease. Am J  Geriatr Psychiatry, 16, 
389-98.

SPRENGELMEYER, R., SCHROEDER, U., YOUNG, A. W. & EPPLEN, J. T.
2006. Disgust in pre-clinical Huntington's disease: a longitudinal study. 
Neuropsychologia, 44, 518-33.

SPRENGELMEYER, R., YOUNG, A. W., MAHN, K., SCHROEDER, U.,
WOITALLA, D., BUTTNER, T., KUHN, W. & PRZUNTEK, H. 2003. Facial 
expression recognition in people with medicated and unmedicated Parkinson's 
disease. Neuropsychologia, 41, 1047-57.

STEELE, J. C. & MCGEER, P. L. 2008. The ALS/PDC syndrome of Guam and the 
cycad hypothesis. TVewro/ogy, 70, 1984-90.

STERLING, L. E., JAWAID, A., SALAMONE, A. R., MURTHY, S. B., MOSNIK, 
D. M., MCDOWELL, E., WHEATON, M., STRUTT, A. M., SIMPSON, E., 
APPEL, S. & SCHULZ, P. E. 2010. Association between dysarthria and 
cognitive impairment in ALS: A prospective study. Amyotroph Lateral Scler, 
11,46-51.

STRONG, M. J. 2008. The syndromes o f frontotemporal dysfunction in amyotrophic 
lateral sclerosis. Amyotroph Lateral Scler, 9, 323-38.

415



STRONG, M. J. 2010. The evidence for altered RNA metabolism in amyotrophic 
lateral sclerosis (ALS). J  Neurol Sci, 288, 1-12.

STRONG, M. J., GRACE, G. M., FREEDMAN, M., LOMEN-HOERTH, C., 
WOOLLEY, S., GOLDSTEIN, L. H., MURPHY, J., SHOESMITH, C., 
ROSENFELD, J., LEIGH, P. N., BRUIJN, L., INCE, P. & FIGLEWICZ, D. 
2009. Consensus criteria for the diagnosis of frontotemporal cognitive and 
behavioural syndromes in amyotrophic lateral sclerosis. Amyotroph Lateral 
Scler, 10, 131-46.

STRONG, M. J., GRACE, G. M., ORANGE, J. B., LEEPER, H. A., MENON, R. S.
& AERE, C. 1999. A prospective study of cognitive impairment in ALS. 
Neurology, 53, 1665-70.

STRONG, M. J., VOLKENING, K., HAMMOND, R., YANG, W., STRONG, W., 
LEYSTRA-LANTZ, C. & SHOESMITH, C. 2007. TDP43 is a human low 
molecular weight neurofilament (hNFL) mRNA-binding protein. Mol Cell 
Neurosci, 35, 320-1.

STRONG, M. J. & YANG, W. 2011. The frontotemporal syndromes of ALS.
Clinicopathological correlates. J  Mol Neurosci, 45, 648-55.

STRONG, M. J., YANG, W., STRONG, W. L., LEYSTRA-LANTZ, C., JAFFE, H.
& PANT, H. C. 2006. Tau protein hyperphosphorylation in sporadic ALS with 
cognitive impairment. A^ewro/ogy, 66, 1770-1.

STRUTT, A. M., PALCIC, J., WAGER, J. G., TITUS, C., MACADAM, C.,
BROWN, J., SCOTT, B. M., HARATI, Y., SCHULZ, P. E. & YORK, M. K. 
2012. Cognition, behavior, and respiratory ftinction in amyotrophic lateral 
sclerosis. ISRNNeurol, 2012, 912123.

SUTEDJA, N. A., VELDINK, J. H., FISCHER, K., KROMHOUT, H., WOKKE, J.
H., HUISMAN, M. H., HEEDERIK, D. J. & VAN DEN BERG, L. H. 2007. 
Lifetime occupation, education, smoking, and risk o f ALS. Neurology, 69, 
1508-14.

SUZUKI, A., HOSHINO, T., SHIGEMASU, K. & KAWAMURA, M. 2006. Disgust- 
specific impairment o f facial expression recognition in Parkinson's disease. 
Brain, 129, 707-17.

TABRIZI, S. J., LANGBEHN, D. R., LEAVITT, B. R., ROOS, R. A., DURR, A., 
CRAUFURD, D., KENNARD, C., HICKS, S. L., FOX, N. C., SCAHILL, R.
I., BOROWSKY, B., TOBIN, A. J., ROSAS, H. D., JOHNSON, H., 
REILMANN, R., LANDWEHRMEYER, B. & STOUT, J. C. 2009. Biological 
and clinical manifestations o f Huntington's disease in the longitudinal 
TRACK-HD study: cross-sectional analysis of baseline data. Lancet Neurol, 8, 
791-801.

TALBOT, P. R., GOULDING, P. J., LLOYD, J. J., SNOWDEN, J. S., NEARY, D. & 
TESTA, H. J. 1995. Inter-relation between "classic" motor neuron disease and 
frontotemporal dementia: neuropsychological and single photon emission 
computed tomography study. J  Neurol Neurosurg Psychiatry, 58, 541-7. 

TENG, E., LU, P. H. & CUMMINGS, J. L. 2007. Deficits in facial emotion
processing in mild cognitive impairment. Dement Geriatr Cogn Disord, 23, 
271-9.

TERADA, T., OBI, T., YOSHIZUMI, M., MURAI, T., MIYAJIMA, H. & 
MIZOGUCHI, K. 2011. Frontal lobe-mediated behavioral changes in 
amyotrophic lateral sclerosis: are they independent of physical disabilities? J  
Neurol Sci, 309, 136-40.

416



TESTA, D., LOVATI, R., FERRARINI, M., SALMOIRAGHI, F. & FILIPPINI, G. 
2004, Survival o f 793 patients with amyotrophic lateral sclerosis diagnosed 
over a 28-year period. Amyotroph Lateral Scler Other M otor Neuron Disord,
5, 208-12.

THURSTONE, L. L. 1938. Primary M ental Abilities Chicago Chicagom University 
Press.

TICOZZI, N., SILANI, V., LECLERC, A. L., KEAGLE, P., GELLERA, C., RATTI, 
A., TARONI, F., KWIATKOWSKI, T. J., JR., MCKENNA-YASEK, D. M., 
SAPP, P. C., BROWN, R. H., JR. & LANDERS, J. E. 2009. Analysis o f FUS 
gene mutation in familial amyotrophic lateral sclerosis within an Italian 
cohort. Neurology, 73, 1180-5.

TORRALVA, T., ROCA, M., GLEICHGERRCHT, E., BEKINSCHTEIN, T. &
MANES, F. 2009. A neuropsychological battery to detect specific executive 
and social cognitive impairments in early frontotemporal dementia. Brain,
132, 1299-309.

TRANEL, D., BECHARA, A. & DENBURG, N. L. 2002. Asymmetric functional 
roles o f right and left ventromedial prefrontal cortices in social conduct, 
decision-making, and emotional processing. Cortex, 38, 589-612.

TRAYNOR, B. J., ALEXANDER, M., CORR, B., FROST, E. & HARDIMAN, O.
2003a. Effect o f a multidisciplinary amyotrophic lateral sclerosis (ALS) clinic 
on ALS survival: a population based study, 1996-2000. J  Neurol Neurosurg  
Psychiatry, 74, 1258-61.

TRAYNOR, B. J., ALEXANDER, M., CORR, B., FROST, E. & HARDIMAN, O. 
2003b. An outcome study o f riluzole in amyotrophic lateral sclerosis—a 
population-based study in Ireland, 1996-2000. J  Neurol, 250, 473-9.

TRAYNOR, B. J., CODD, M. B., CORR, B., FORDE, C., FROST, E. &
HARDIMAN, O. 1999. Incidence and prevalence o f ALS in Ireland, 1995- 
1997: a population-based study. Neurology, 52, 504-9.

TRAYNOR, B. J., CODD, M. B., CORR, B., FORDE, C., FROST, E. &
HARDIMAN, O. M. 2000. Clinical features o f amyotrophic lateral sclerosis 
according to the El Escorial and Airlie House diagnostic criteria: A 
population-based study. Arch Neurol, 57, 1171-6.

TRENERRY M, C. B., DEBOE J, LEBER, W. 1989. Stroop Neuropsychological 
Screening Test manual. , Odessa, FL, Psychological Assessment Resources.

TROAKES, C., MAEKAWA, S., W IJESEKERA, L., ROGELJ, B., SIKLOS, L., 
BELL, C., SMITH, B., NEWHOUSE, S., VANCE, C., JOHNSON, L., 
HORTOBAGYI, T., SHATUNOV, A., AL-CHALABI, A., LEIGH, N., 
SHAW, C. E., KING, A. & AL-SARRAJ, S. 2011. An MND/ALS phenotype 
associated with C9orf72 repeat expansion: Abundant p62-positive, TDP-43- 
negative inclusions in cerebral cortex, hippocampus and cerebellum but 
without associated cognitive decline. Neuropathology.

TSUJIMOTO, M., SENDA, J., ISHIHARA, T., NIIMI, Y., KAWAI, Y., ATSUTA, 
N., WATANABE, H., TANAKA, F., NAGANAW A, S. «fe SOBUE, G. 2011. 
Behavioral changes in early ALS correlate with voxel-based morphometry and 
diffusion tensor imaging. J  Neurol Sci, 307, 34-40.

TSURUYA, N., KOBAYAKAWA, M. & KAW AMURA, M. 2011. Is "reading mind 
in the eyes" impaired in Parkinson's disease? Parkinsonism Relat Disord, 17, 
246-8.

TURABELIDZE, G., ZHU, B. P., SCHOOTMAN, M., MALONE, J. L.,
HOROWITZ, S., WEIDINGER, J., WILLIAMSON, D. & SIMOES, E. 2008.

417



An epidemiologic investigation o f amyotrophic lateral sclerosis in Jefferson 
County, Missouri, 1998-2002. Neurotoxicology, 29, 81-6.

TURNER, M. R., BAKKER, M., SHAM, P., SHAW, C. E., LEIGH, P. N. & AL- 
CHALABI, A. 2002. Prognostic modelling o f therapeutic interventions in 
amyotrophic lateral sclerosis. Amyotroph Lateral Scler Other Motor Neuron 
Disord, 3, 15-21.

TURNER, M. R., BROCKINGTON, A., SCABER, J., HOLLINGER, H.,
MARSDEN, R., SHAW, P. J. & TALBOT, K. 2010. Pattern o f  spread and 
prognosis in lower limb-onset ALS. Amyotroph Lateral Scler, 11, 369-73.

ULUG, A., WATTS, R., X, M., A, K., D, S., S, C., BATTISTA, V., A, H. &
MITSUMOTO, H. 2005. Magnetic resonance. Diffusion tensor imaging and 
spectroscopic imaging detect widespread frontal lobe involvement in ALS. 
Amyotroph Lateral Scler, 6, 46-48.

VAN BLITTERSWIJK, M., VAN ES, M. A., HENNEKAM, E. A., DOOIJES, D., 
VAN RHEENEN, W., MEDIC, J., BOURQUE, P. R., SCHELHAAS, H. J., 
VAN DER KOOI, A. J., DE VISSER, M., DE BAKKER, P. I., VELDINK, J. 
H. & VAN DEN BERG, L. H. 2012. Evidence for an oligogenic basis o f 
amyotrophic lateral sclerosis. Hum Mol Genet, 21, 3776-84.

VAN DE RIET, W. A., GREZES, J. & DE GELDER, B. 2009. Specific and common 
brain regions involved in the perception o f  faces and bodies and the 
representation o f their emotional expressions. Soc Neurosci, 4, 101-20.

VAN DEN BERG-VOS, R. M., VISSER, J., FRANSSEN, H., DE VISSER, M., DE 
JONG, J. M., KALMIJN, S., WOKKE, J. H. & VAN DEN BERG, L. H.
2003. Sporadic lower motor neuron disease with adult onset: classification o f 
subtypes. 126, 1036-47.

VAN DEN BERG, E., NYS, G. M., BRANDS, A. M., RUIS, C., VAN
ZANDVOORT, M. J. & KESSELS, R. P. 2009. The Brixton Spatial 
Anticipation Test as a test for executive function: validity in patient groups 
and norms for older adults. J  Int Neuropsychol Soc, 15, 695-703.

VAN ES, M. A., DIEKSTRA, F. P., VELDINK, J. H., BAAS, F., BOURQUE, P. R., 
SCHELHAAS, H. J., STRENGMAN, E., HENNEKAM, E. A., LINDHOUT, 
D., OPHOFF, R. A. & VAN DEN BERG, L. H. 2009. A case o f  ALS-FTD in 
a large FALS pedigree with a K17I ANG mutation. Neurology, 72, 287-8.

VAN LANGENHOVE, T., VAN DER ZEE, J., SLEEGERS, K., ENGELBORGHS, 
S., VANDENBERGHE, R., GIJSELINCK, I., VAN DEN BROECK, M., 
MATTHEIJSSENS, M., PEETERS, K., DE DEYN, P. P., CRUTS, M. &
VAN BROECKHOVEN, C. 2010. Genetic contribution o f FUS to 
frontotemporal lobar degeneration. Neurology, 74, 366-71.

VAN RHEENEN, W., VAN BLITTERSWIJK, M., HUISMAN, M. H., VLAM, L., 
VAN DOORMAAL, P. T., SEELEN, M., MEDIC, J., DOOIJES, D., DE 
VISSER, M., VAN DER KOOI, A. J., RAAPHORST, J., SCHELHAAS, H.
J., VAN DER POL, W. L., VELDINK, J. H. & VAN DEN BERG, L. H. 2012. 
Hexanucleotide repeat expansions in C 90R F72 in the spectrum o f motor 
neuron diseases. Neurology, 79, 878-82.

VANCE, C., AL-CHALABI, A., RUDDY, D., SMITH, B. N., HU, X.,
SREEDHARAN, J., SIDDIQUE, T., SCHELHAAS, H. J., KUSTERS, B., 
TROOST, D., BAAS, F., DE JONG, V. & SHAW, C. E. 2006. Familial 
amyotrophic lateral sclerosis with frontotemporal dementia is linked to a locus 
on chromosome 9pl3.2-21.3. Brain, 129, 868-76.

418



VANCE, C., ROGELJ, B., HORTOBAGYI, T., DE VOS, K. J., NISHIM URA, A. L., 
SREEDHARAN, J., HU, X., SMITH, B., RU DDY, D., WRIGHT, P., 
GANESALINGAM , J., WILLIAMS, K. L., TRIPATHI, V., AL-SARAJ, S., 
AL-CHALABI, A., LEIGH, P. N., BLAIR, I. P., NICHOLSON, G., DE 
BELLEROCHE, J., GALLO, J. M., MILLER, C. C. & SHAW , C. E. 2009. 
Mutations in FUS, an RNA processing protein, cause familial amyotrophic 
lateral sclerosis type 6. Science, 323, 1208-11.

VAZQUEZ, M. C., KETZOIAN, C., LEGNANI, C., REGA, I., SANCHEZ, N.,
PERNA, A., PENELA, M., AGUIRREZABAL, X., DRUET-CABANAC, M. 
& MEDICI, M. 2008. Incidence and prevalence o f  amyotrophic lateral 
sclerosis in Uruguay: a population-based study. Neuroepidem iology, 30, 105- 
1 1 .

VELAKOULIS, D., W ALTERFANG, M., MOCELLIN, R., PANTELIS, C. &
MCLEAN, C. 2009. Frontotemporal dementia presenting as schizophrenia
like psychosis in young people: clinicopathological series and review o f  cases. 
Br J  Psychiatry, 194,298-305.

VELDINK, J. H., KALMIJN, S., GROENEVELD, G. J., TITULAER, M. J.,
WOKKE, J. H. & VAN DEN BERG, L. H. 2005. Physical activity and the 
association with sporadic ALS. Neurology, 64, 241-5.

VERDON, C. M., FOSSATl, P., VERNY, M., DIEUDONNE, B., TEILLET, L. & 
NADEL, J. 2007. Social cognition: an early impairment in dementia o f  the 
Alzheimer type. Alzheim er D is Assoc Disord, 21, 25-30.

VON BRAUNM UHL, A. 1932. Picksche Krankheit und amyotrophische
Lateralsklerose [Pick's Disease and Amyotrophic Lateral Sclerosi]. A llg Z  
Psychiat Psychischgerichtliche Med, 96, 364—66

W ANG, K., HOOSAIN, R., YANG, R. M., MENG, Y. & W ANG, C. Q. 2003.
Impairment o f  recognition o f  disgust in Chinese with Huntington's or Wilson's 
disease. Neuropsychologia, 41, 521-2>1.

WECHSLER D. 1997. Wechsler M emory Scale (WMS-III UK). Adm inistration and  
Scoring Manual, San Antonio, TX, The Psychological Corporation

WECHSLER D. 2001 Wechsler Test o f  Adult Reading, San Antonio, TX:, The 
Psychological Corporation,.

WEGORZEWSKA, I., BELL, S., CAIRNS, N. J., MILLER, T. M. & BALOH, R. H. 
2009. TDP-43 mutant transgenic m ice develop features o f  ALS and 
frontotemporal lobar degeneration. Proc N atl A cad Sci U S A ,  106, 18809-14.

WEISS, E. M., KOHLER, C. G., VO NBANK, J., STADELM ANN, E., KEMMLER, 
G., HINTERHUBER, H. & MARKSTEINER, J. 2008. Impairment in emotion 
recognition abilities in patients with mild cognitive impairment, early and 
moderate Alzheimer disease compared with healthy comparison subjects. Am 
J  G eriatr Psychiatry, 16, 974-80.

WERNER, K. H., ROBERTS, N. A., ROSEN, H. J., DEAN, D. L., KRAMER, J. H., 
WEINER, M. W., MILLER, B. L. & LEVENSON, R. W. 2007. Emotional 
reactivity and emotion recognition in frontotemporal lobar degeneration. 
Neurology, 69, 148-55.

WHITLEY, E. & BALL, J. 2002. Statistics review 4: sample size calculations. Crit 
Care, 6 ,335-41 .

419



WHITWELL, J. L., JACK, C. R., JR., SENJEM, M. L. & JOSEPHS, K. A. 2006.
Patterns o f atrophy in pathologically confirmed FTLD with and without motor 
neuron degeneration. Neurology, 66, 102-4.

WHITWELL, J. L., WEIGAND, S. D., BOEVE, B. F., SENJEM, M. L., GUNTER, J. 
L., DEJESUS-HERNANDEZ, M., RUTHERFORD, N. J., BAKER, M., 
KNOPMAN, D. S., WSZOLEK, Z. K., PARISI, J. E., DICKSON, D. W., 
PETERSEN, R. C., RADEMAKERS, R., JACK, C. R., JR. & JOSEPHS, K.
A. 2012. Neuroimaging signatures of frontotemporal dementia genetics: 
C90RF72, tau, progranulin and sporadics. Brain, 135, 794-806.

WICKER, B., KEYSERS, C., PLAILLY, J., ROYET, J. P., GALLESE, V. &
RIZZOLATTI, G. 2003. Both o f us disgusted in My insula; the common 
neural basis of seeing and feeling disgust. Neuron, 40, 655-64.

WICKS, P., ABRAHAMS, S., PAPPS, B., AL-CHALABI, A., SHAW, C. E.,
LEIGH, P. N. & GOLDSTEIN, L. H. 2009. SODl and cognitive dysfunction 
in familial amyotrophic lateral sclerosis. J  Neurol, 256, 234-4L 

WIECHETEK OSTOS, M., SCHENK, F., BAENZIGER, T. & VON GUNTEN, A. 
2011. An exploratory study on facial emotion recognition capacity in 
beginning Alzheimer's disease. Eur Neurol, 65, 361-7.

WILSON, C. M., GRACE, G. M., MUNOZ, D. G., HE, B. P. & STRONG, M. J.
2001. Cognitive impairment in sporadic ALS: a pathologic continuum 
underlying a multisystem disorder. Neurology, 57, 651-7.

WINGO, T. S., CUTLER, D. J., YARAB, N., KELLY, C. M. & GLASS, J. D. 2011. 
The heritability of amyotrophic lateral sclerosis in a clinically ascertained 
United States research registry. PLoS One, 6, e27985.

WINTON, M. J., VAN DEERLIN, V. M., KWONG, L. K., YUAN, W., WOOD, E. 
M., YU, C. E., SCHELLENBERG, G. D., RADEMAKERS, R., CASELLI,
R., KARYDAS, A., TROJANOWSKI, J. Q., MILLER, B. L. & LEE, V. M. 
2008. A90V TDP-43 variant results in the aberrant localization of TDP-43 in 
vitro. FEBSLett, 582, 2252-6.

WITGERT, M., SALAMONE, A. R., STRUTT, A. M., JAWAID, A., MASSMAN,
P. J., BRADSHAW, M., MOSNIK, D., APPEL, S. H. & SCHULZ, P. E.
2010. Frontal-lobe mediated behavioral dysfunction in amyotrophic lateral 
sclerosis. Eur J  Neurol, 17, 103-10.

WOOLLEY, S. C., MOORE, D. H. & KATZ, J. S. 2010a. Insight in ALS: Awareness 
o f behavioral change in patients with and without FTD. Amyotroph Lateral 
Scler, 11, 52-6.

WOOLLEY, S. C., YORK, M. K., MOORE, D. H., STRUTT, A. M., MURPHY, J., 
SCHULZ, P. E. & KATZ, J. S. 2010b. Detecting frontotemporal dysfunction 
in ALS: utility of the ALS Cognitive Behavioral Screen (ALS-CBS). 
Amyotroph Lateral Scler, 11, 303-11.

WOOLLEY, S. C., ZHANG, Y., SCHUFF, N., WEINER, M. W. & KATZ, J. S.
2011. Neuroanatomical correlates of apathy in ALS using 4 Tesla diffiision 
tensor MRI. Amyotroph Lateral Scler, 12, 52-8.

XI, Z., ZINMAN, L., GRINBERG, Y., MORENO, D., SATO, C., BILBAO, J. M., 
GHANI, M., HERNANDEZ, I., RUIZ, A., BOADA, M., MORON, F. J., 
LANG, A. E., MARRAS, C., BRUNI, A., COLAO, R., MALETTA, R. G., 
PUCCIO, G., RAINERO, I., PINESSI, L., GALIMBERTI, D., MORRISON, 
K. E., MOORBY, C., STOCKTON, J. D., MASELLIS, M., BLACK, S. E., 
HAZRATI, L. N., LIANG, Y., VAN HAERSMA DE WITH, J., 
FORNAZZARI, L., VILLAGRA, R., ROJAS-GARCIA, R., CLARIMON, J.,

420



MAYEUX, R., ROBERTSON, J., ST GEORGE-HYSLOP, P. & ROGAEVA,
E. 2012. Investigation o f C9orf72 in 4 Neurodegenerative Disorders. Arch 
Neurol, 1-8.

YANG, W., SOPPER, M. M., LEYSTRA-LANTZ, C. & STRONG, M. J. 2003.
Microtubule-associated tau protein positive neuronal and glial inclusions in 
ALS. Neurology, 61, 1766-73.

YANG, W. & STRONG, M. J. 2012. Widespread neuronal and glial
hyperphosphorylated tau deposition in ALS with cognitive impairment.
Amyotroph Lateral Scler, 13, 178-93.

YIP, J. T., LEE, T. M., HO, S. L., TSANG, K. L. & LI, L. S. 2003. Emotion
recognition in patients with idiopathic Parkinson's disease. M ov Disord, 18, 
1115-22.

YOSHIMURA, N., KAWAMURA, M., MASAOKA, Y. & HOMMA, I. 2005. The 
amygdala o f patients with Parkinson's disease is silent in response to fearful 
facial expressions. Neuroscience, 131, 523-34.

YU, R. L., WU, R. M., CHIU, M. J., TAI, C. H., LIN, C. H. & HUA, M. S. 2011. 
Advanced Theory o f Mind in patients at early stage o f Parkinson's disease. 
Parkinsonism Relat Disord.

ZAHN, R., MOLL, J., IYENGAR, V., HUEY, E. D., TIERNEY, M., KRUEGER, F. 
& GRAFMAN, J. 2009. Social conceptual impairments in frontotemporal 
lobar degeneration with right anterior temporal hypometabolism. Brain, 132, 
604-16.

ZAITCHIK, D., KOFF, E., BROWNELL, H., WINNER, E. & ALBERT, M. 2004. 
Inference o f  mental states in patients with Alzheimer's disease. Cogn 
Neuropsychiatry, 9,301-13.

ZAITCHIK, D., KOFF, E., BROWNELL, H., W INNER, E. & ALBERT, M. 2006. 
Inference o f  beliefs and emotions in patients with Alzheimer's disease. 
Neuropsychology, 20, 11 -20.

ZALDIVAR, T., GUTIERREZ, J., LARA, G., CARBONARA, M., LOGROSCINO, 
G. & HARDIMAN, O. 2009. Reduced frequency o f  ALS in an ethnically 
mixed population: a population-based mortality study. Neurology, 72, 1640-5. 

ZAMBONI, G., HUEY, E. D., KRUEGER, F., NICHELLI, P. F. & GRAFMAN, J. 
2008. Apathy and disinhibition in frontotemporal dementia: Insights into their 
neural correlates. Neurology, 71, 736-42.

ZAR, J. 1999. Biostastical Analysis Upper Saddle Valley, NJ, Prentice Hall Inc. . 
ZGALJARDIC, D. J., BOROD, J. C., FOLDI, N. S., MATTIS, P. J., GORDON, M.

F., FEIGIN, A. & EIDELBERG, D. 2006. An examination o f executive 
dysfunction associated with frontostriatal circuitry in Parkinson's disease. J  
Clin Exp Neuropsychol, 28, 1127-44.

ZIGMOND, A. S. & SNAITH, R. P. 1983. The hospital anxiety and depression scale.
Acta Psychiatr Scand, 67, 361-70.

ZIMMERMAN, E. K., ESLINGER, P. J., SIMMONS, Z. & BARRETT, A. M. 2007. 
Emotional perception deficits in amyotrophic lateral sclerosis. Cogn Behav 
Neurol, 20, 79-82.

421



1**1

The End

mmmm


