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1. Introduction 

 

 

1.1. Spinal Muscular Atrophy- Clinical Aspects 

 

1.1.1. Pathology   

 

“Magdalene was already well capable of standing at the age of nine months, 

later on no longer. The disease broke out at the trunk and seems to have taken 

its course with pain. At the beginning, the physician took the condition for 

rachitis. The child reached the age of two-and-a-half years.” 

-J. Hoffmann, 1892 [61] 

 

Spinal Muscular Atrophy (SMA) was first described by the Austrian neurologist 

Guido Werdnig and the German neurologist and neuropathologist Johann 

Hoffmann in 1891 and 1892, respectively. In his paper “On chronic spinal 

muscular atrophy, on familial basis”, coining the name of the pathology, 

Hoffmann describes four cases of infantile SMA and his autopsy performed on 

one of them. He describes the disease as a progressive, symmetric muscle 

weakness that may or may not be accompanied by pain and usually leads to 

death in early childhood, typically due to secondary involvement of the lungs. In 

his autopsy report, he emphasizes the extensive atrophy of striated muscles and 

the marked degeneration of the anterior horn of the spinal cord. In contrast, other 

organs like heart, kidneys, liver and the brain are described as normal [61]. 

 

Today, SMA is increasingly understood as a multi-organ disease, affecting not 

only spinal cord neurons and muscles but a variety of other tissues[120]. 

Although in his 1982 paper, upon microscopical examination of the brain 

Hoffmann found “completely normal conditions” [61], SMA does have an impact 

on the brain [58]. This is mirrored less in specific histopathological findings, than 
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in neuropsychological correlates, such as specific aspects of intelligence and 

language acquisition [9, 135] (see 1.2.2.2.). Very little is known about in which 

ways cognition and emotion are affected in and by SMA. To clarify this and to 

identify the underlying mechanisms is of great importance to better understand 

SMA and to meet the needs of patients in clinical care. 

 

SMA is a rare neuromuscular disease and is, as Hoffmann postulated, indeed a 

disease “on familial basis” [61]. The pathology exhibits an autosomal recessive 

pattern of inheritance [145]. In Europe, incidence (in this context defined as the 

proportion of newborns with confirmed SMA) of SMA ranges from 6.3 to 26.7 per 

100,000 (median: 11.9) [133] and prevalence from 1 to 2 per 100,000 [134]. 

Despite its rarity, it is a leading cause of infant mortality [43] and the second 

most common fatal autosomal recessive disease after cystic fibrosis [18]. The 

clinical phenotype of patients encompasses a vast spectrum from relatively mild 

to extremely severe forms. The unifying hallmark is symmetrical muscle 

weakness and atrophy that is most pronounced proximally and affects the lower 

limbs stronger than the upper limbs. This phenotype is caused by degeneration 

of lower motoneurons in the anterior horn of the spinal cord and bulbar nuclei of 

cranial nerves. The diaphragm and the facial muscles are usually spared, as 

well as the extraocular muscles [129]. This allows for interaction with the 

environment via speech, facial expression or eye tracking devices even in later 

stages of the disease.  

 

SMA is classically subdivided into three types, according to the classification 

proposed by the International SMA Collaboration in 1991 [94]. These types- 

SMA I, SMA II and SMA III- are the main types of SMA. The later introduced and 

rarer types 0 [36] and IV [137] present the far ends of the disease spectrum and 

are of lesser clinical relevance. Type 0 represents patients with an intrauterine 

death or a very severe neonatal phenotype [36], while type IV is characterized 

by a late onset in the third decade of life [137]. 

 

SMA I, also called infantile SMA or Werdnig-Hoffmann disease, has the highest 

incidence of all types of SMA [134]. This is contrasted by its low prevalence, 
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accounting for only 16% of SMA cases [133], which is explained by its poor 

prognosis. Patients have a disease onset before the sixth month of their lives 

and never attain independent sitting [94]. Infants with SMA I show severe muscle 

weakness and hypotonia, typically lie in a frog-like position and often exhibit 

fasciculations of the tongue. Intercostal weakness paired with relative sparing of 

the diaphragm results in paradoxical breathing and a bell-shaped thorax [64]. 

Death before the age of two is common and is often caused by respiratory 

infections due to poor ventilation and frequent aspiration because of bulbar 

dysfunction. 

 

SMA II, also called juvenile SMA, represents the most numerous type of SMA 

according to prevalence, accounting for 48% of patients [133]. Disease onset in 

type II is after the sixth month of life, but before month 18 [94]. This subgroup of 

patients attains- or at least learns to maintain- independent sitting but never 

learns to walk. As described above, patients suffer from symmetric muscle 

weakness that is more pronounced proximally and at the lower limbs. Long term 

symptoms include respiratory complications, kyphoscoliosis and joint 

contractures. This also applies for long term survivors in type I. Patients normally 

survive the second year of their lives, increasingly reaching adolescence, 

adulthood or even seniority in rare instances [116]. 

 

SMA III, also called Kugelberg-Welander disease, has the lowest incidence of 

the three main types [134] but represents 37% of all prevalent cases of SMA 

[133], due to the long survival of these patients. Disease onset is after month 18 

[94] and can be very variable. The patients obtain independent walking and 

adopt a waddling gait as the disease commences. These people usually live well 

into adulthood. Secondary complications often involve muscle and joint pain, 

caused by disuse. If and at what point ambulation is lost, depends on the age of 

onset and the pace of disease progression. As Russmann et al. showed, the age 

of two years represents a watershed in terms of disease onset. In their study, 

the subgroup with onset prior to the age of two lost independent walking at a 

median age of 12 years, compared to 44 years in the subgroup with onset 

between age of two and six [116]. In the later course of the disease, symptoms 
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reminiscent of type I and II like scoliosis, contractures or impaired ventilation 

might ensue. 

 

However, it is important to bear in mind that this classification is an arbitrary 

stratification of a continuum. SMA is an extremely heterogenous disease with 

considerable phenotypical variation even within the aforementioned disease 

types. For a long time, there was even discord on whether the milder and the 

more severe types of SMA were distinct entities with their own genetic causes, 

or one and the same disease with varying severity [37]. Discovery of the genetic 

cause of the pathology has resolved this disunion. 

  

1.1.2. Genetics 

 

In 1990, a hundred years after the works by Werdnig and Hoffmann, Brzustowicz 

et al. published a paper mapping SMA to a locus on the long arm of chromosome 

5 (5q11.2- 13.3). The authors pointed out that all three forms of SMA can be 

mapped to the same locus [18]. Five years later, Lefebvre et. al. could identify 

the disease-determining gene in this locus and called it “SMN” for survival motor 

neuron [76]. 

 

The SMN gene codes for a protein of 249 aminoacids that is highly conserved 

over a large range of different species [100]. This high degree of conservation 

hints at its important role as a house-keeping gene of the cell [143]. Despite the 

seemingly universal role of SMN, SMA is an evolutionary novelty, found only in 

humans. The key to the genetic pathomechanism of SMA is the unique 

organisation of its locus- 5q13- in humans.  

 

In primate evolution, the chromosomal region in which the SMN gene and a few 

other genes lie, has undergone inverse duplication leading to a “mirror image” 

of this region. This results in a telomeric version of the gene- called SMN1- and 

a centromeric version- referred to as SMN2. However, owing to further mutations 

in human evolution, these two versions differ in 5 single nucleotides [90]. Main 
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protagonist is a translationally silent C-to-T transition in exon 7, impairing an 

exonic splicing enhancer [78]. This error has a detrimental impact on alternative 

splicing of SMN2 (for illustration see upper half of Figure 1; 1.1.3.). In the 

splicing process of SMN1, all 8 exons of the gene are included in the resulting 

mRNA, leading to 100% of full-length-transcript (FL-SMN1). In contrast, SMN2 

produces 90% transcripts lacking exon 7 and only 10 % full-length-transcript 

(FL-SMN2) [144]. Both FL-SMN1 and FL-SMN2 - after translation- contribute to 

the pool of functional SMN protein. On the contrary, defective SMN2-RNA 

produces a truncated protein subject to fast degradation [20]. All this applies for 

patients with SMA, as well as for healthy patients. 

 

In SMA, a loss of SMN1 reduces the amount of FL-SMN and thus of functional 

SMN protein in the cell. Under these circumstances, the cell relies completely 

on the residual amount of SMN protein provided by SMN2. This SMN level is 

insufficient to allow sustained survival of lower motoneurons. 

Deficiency of functional SMN protein- the molecular hallmark of SMA- can result 

from either gene deletion or conversion and can be inherited or occur de novo. 

De novo mutations are found in about 2% of cases [145], owing to genetic 

instability in the 5q13 locus. Nevertheless, the vast majority of cases follow an 

autosomal recessive pattern of inheritance, as already mentioned. Homozygous 

deletion is by far the most common cause of SMA, while gene conversion is rare 

and usually found in milder cases [145]. In gene conversion, the evolutionary 

genesis of SMN2 from SMN1 is recapitulated, turning SMN1 in a functional 

analogon of SMN2.  

 

The fact that gene conversion is associated with milder forms of the disease 

hints at the role of SMN2 as a modulator of disease severity. Gene conversion 

deprives the cell of SMN1, but in turn provides an additional copy of SMN2. It 

has been shown that a higher number of SMN2 copies is inversely correlated 

with disease severity [19].The number of SMN2 copies varies between 

individuals, with a higher number of SMN2 copies usually associated with a 

milder course of the disease (see Figure 2 below). This further emphasizes the 

fact, that the different types of SMA are only clinically defined portions of a 
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spectrum, with some patients conforming only poorly to the diagnostic criteria 

set up for classification. In this context, it is important to note that the relevance 

of SMN2 copy numbers for classification and prognosis is a somewhat 

ambiguous issue. In 2002, Feldkötter et al. published data according to which 

patients with two or less copies develop SMA I in over 97% of cases, patients 

with three copies develop SMA II in about 83% of cases and patients with four 

copies develop SMA III in about 84% of cases [44]. Based on their calculations, 

the authors propose that SMN copy numbers may be used as a prognostic tool. 

However, in a Consensus Statement by Wang et al. from 2007, the authors point 

out the great variability of phenotypes even among patients with the same 

number of SMN2 copies and do not recommend it as a means for prognosis 

[137]. Today the matter has not lost its ambiguity and complexity. It is now 

recommended to assess SMN2 copy numbers routinely, but to be very cautious 

in deriving prognosis and in communication to patients and relatives [89].  

 

Figure 2 ‖ Schematic illustration of the correlation between SMN2 copy number and SMA 
type ‖ SMA= spinal muscular atrophy; SMN2= survival of motor neuron 2 ‖ please note that the 
depicted proportions are only rough approximations; for precise numbers see data by Feldkötter 
et. al. [44], on which this figure is based ‖ Lucas Mix, Ulm University; 2017-2019 

 

 



7 

A small percentage of 4% of SMA cases are not related to the 5q13 locus and 

deficiency of SMN protein has different reasons here [143]. 

 

As aforementioned, SMN has house-keeping functions. The protein is involved 

in RNA metabolism [148], DNA repair [93], endocytosis [39] and autophagy [30] 

and has a role in neural axonogenesis [49]. Several studies have demonstrated 

that deficiency of SMN protein affects many tissues other than lower 

motoneurons [120]. For example, SMA I is associated with congenital heart 

defects [115] to name just one of many organs that are affected by low SMN 

protein levels. This illustrates that SMA is truly a multi-organ disease [120]. 

Briese et al. could demonstrate that SMN is particularly relevant in early 

developmental stages and is selectively expressed in different areas of the 

human forebrain during the embryonal period. They found that SMN is 

expressed in brain regions like the basal nucleus of Meynert, thalamus, 

hippocampus, amygdala and entorhinal cortex [17]. To date, it is not understood 

why these structures appear to be mainly unaffected by the postnatal deficiency 

in SMN protein levels, while lower motoneurons seem to be especially sensitive.  

 

With the discovery of the genetic cause of SMA, new possibilities regarding 

screening in infants and screening for possible carriers have emerged [101]. 

These topics have gained further relevance in the light of new therapies that are 

now beginning to change the landscape of SMA.   

 

1.1.3. Therapy 

 

"Now, here, you see, it takes all the running you can do, to keep in the same 

place.” 

-The Red Queen in “Through the Looking Glass” [21] 

 

Until recently, therapeutic options for SMA were merely symptomatic. Supportive 

therapies addressed - and still do address - mainly the orthopaedic, respiratory 

and nutritional aspects of the disease. For administration of adequate supportive 



8 

therapy, patients are usually classified as walkers, sitters or non-sitters with 

special recommendations for the treatment of each group [137]. Respiratory 

therapeutic interventions encompass improvement of airway clearance through 

chest physiotherapy and mechanical insufflation-exsufflation and ventilation 

through non-invasive ventilation (NIV) or invasive ventilation [48]. Orthopaedic 

treatment aims at the management of scoliosis (with a prevalence of 60-90% in 

patients with SMA types I and II [89]), joint disuse, contractures and associated 

pain [89]. Treatment can range from physiotherapeutic to surgical interventions. 

Nutritional interventions are directed at swallowing difficulties due to bulbar 

involvement, excessive weight loss or gain (which can both occur in SMA) and 

other metabolic conditions associated with the disease [89, 103] . Furthermore, 

difficulties in swallowing and speech can be addressed by logopaedic therapy.  

These therapies, albeit not curative, are directed at increasing life expectancy 

and quality of life for patients with SMA.  

 

The antisense oligonucleotide (ASO) Nusinersen is the first drug for a causal 

treatment of SMA and the first approved oligonucleotide for the treatment of a 

neurodegenerative disease [149]. Nusinersen, marketed as Spinraza by 

Biogen, was approved by the FDA in December 2016 and the EC in June 2017 

[10]. ASOs are synthetic single-strand nucleic acids of a length of 8 to 50 

nucleotides [41].These drugs specifically bind to RNA molecules of 

complementary base sequence and can mediate a large variety of effects, 

depending on their target sequence and their chemical properties.  

 

As already illustrated, aberrant splicing of SMN2-RNA is a paramount 

mechanism in the molecular pathogenesis of SMA. Exon 7 is excluded in the 

splicing process, due to a single nucleotide mutation disrupting an exonic 

splicing enhancer [90]. ASOs can be harnessed to increase exon 7 inclusion and 

thus levels of FL-SMN2, eventually leading to more functional SMN protein. 

Nusinersen binds to a region called intronic splicing silencer N1 (ISS-N1) on the 

SMN2 pre-mRNA. Binding to the ISS-N1, it inhibits the recruitment of specific 

splicing repressors, thus preventing the exclusion of exon 7 even in the absence 

of the exonic splicing enhancer [69]. 
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Figure 1 ‖ Splicing of SMN2 pre-mRNA in absence (top) and presence (bottom) of 
Nusinersen ‖ SMN2= survival motor neuron 2; ISS= intronic splicing silencer  ‖ displayed is the 
region from exon 6 to exon 8; the exonic splicing enhancer is impaired by a single nucleotide 
mutation (red; star); factors that promote splicing (red; plus) can no longer bind; splicing 
repressors (dark green; minus) bind to ISS-N1 (light green; ISS) and inhibit splicing; in presence 
of Nusinersen (orange; N), splicing repressors can no longer bind to ISS-N1 leading to the 
inclusion of exon 7 in the splicing process (red brackets)  ‖ Lucas Mix, Ulm University; 2017-
2019 

 

ASOs are unable to overcome the blood brain barrier but for a very small 

percentage [42]. Therefore, Nusinersen has to be applied via intrathecal 

injection to achieve sufficient concentrations in the spinal cord neurons [41] This 

poses some difficulties in application, considering the high prevalence of 

scoliosis in patients with SMA [56]. Half-life of Nusinersen in the cerebrospinal 

fluid ranges from four to six months, which is why the drug needs to be 

administered at this frequency after drug loading [24]. 

 

In 2016, Chiriboga et al. could show a statistically significant improvement in 

motor performance under treatment with Nusinersen in a cohort of 28 children 

between the age of two and fourteen years with SMA types II and III. In this 

phase 1 open label study increased motor performance was demonstrated after 

three months and again after 9 to 14 months [24]. 

 

In a phase 2 open label study, Finkel et al. administered Nusinersen to a cohort 

of 20 children with SMA type I between the age of three weeks and seven 
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months. Patients exhibited improvements in the development of motor 

milestones and in compound motor action potential [47].  

 

Two phase 3 multinational randomised controlled trials, CHERISH [88] and 

ENDEAR [46], further confirmed the efficacy of Nusinersen in paediatric patients 

with SMA. In the ENDEAR trial with symptomatic infants (N = 121), 51% of 

patients responded to therapy with Nusinersen, whereas not a single patient in 

the control group showed any benefit from sham-treatment. Furthermore, 

patients receiving intrathecal injections of Nusinersen had a 47% lower risk of 

death or permanent ventilation compared to the control group [46]. Based on the 

positive results, both CHERISH and ENDEAR were stopped and patients were 

transferred to the phase III open label extension study SHINE, estimated to 

terminate in 2023 [25, 63].  

 

Alongside SHINE, there are two ongoing phase II studies, NURTURE [13] and 

EMBRACE [27] estimated to terminate in 2022 and 2019 respectively [26, 27]. 

NURTURE is a study in presymptomatic children. Interim-results presented in 

2017 showed that most of the infants obtained motor milestones comparable to 

normal development that are not observed in the natural history of the disease 

[45].  

 

In contrast to paediatric patients, there is only scarce data on the effects of 

Nusinersen in adult patients. In 2018, Day et al. published a report on their 

experiences with Nusinersen in adult patients. The authors reported trends for 

improvement of motor function in a sample of 20 patients between 18 and 65 

years of age [32].  

 

To date, it is unclear what can be expected of treatment with Nusinersen in older 

patients. Improvement of motor functions but also stabilization of clinical state 

or slowing down of disease progression have to be considered as beneficial 

possible outcomes. According to a survey conducted among European patients 

with SMA types II and III by Rouault et al. in 2017, 97% of patients stated that 

stabilization of their disease course would represent a meaningful change for 



11 

them [114]. The authors further stress the importance of disease stabilization as 

an important outcome measure. For evaluation of therapeutic interventions, it is 

essential to acknowledge that in a progressive disease standstill indeed is a form 

of progress, analogous to the famous quote by the Red Queen in Lewis Carroll’s 

“Through the Looking Glass” (see above) [21]. 

 

Nusinersen is one of the most expensive drugs in the world [123]. This renders 

treatment with the drug also a political issue, especially in adult patients, where 

to date evidence is still weak. While in Germany, treatment with Nusinersen is 

funded for all types of SMA, for example Norway only funds treatment for 

patients under the age of 18 and Denmark only for infantile patients with SMA I 

and II and presymptomatic children [131]. This emphasizes the urgent need for 

scientific evidence on the treatment with Nusinersen in older patients like 

adolescents and adults.  

 

The study ASOtreatSMA, which provides the framework for the 

neuropsychological assessments of this dissertation aims to provide more of the 

needed evidence, for adult as well as for paediatric patients. Here, quality of life 

- assessed as a neuropsychologic measure - serves as a secondary outcome 

measure to better understand in what ways patients might benefit from the 

treatment. 
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1.2. Spinal Muscular Atrophy- Neuropsychologic 

Aspects 

 

1.2.1. Quality of Life 

 

1.2.1.1. Concept 

 

“Quality of life” (QoL) is an elusive construct. There are many coexisting 

definitions and the term is often used interchangeably with the term “well-being” 

[4]. In attempt of a definition, the World Health Organisation (WHO), describes 

QoL as “an individual’s perception of their position in life in the context of the 

culture and value systems in which they live and in relation to their goals, 

expectations, standards and concerns’’ [147]. The WHO further states that QoL 

is affected by physical health, psychological state, level of independence, social 

relationship and relationships to other aspects of the environment.  

This view conforms to the so-called objective list theories of well-being. 

Objective list theories postulate the existence of intrinsic goods. The extent to 

which an individual possesses these intrinsic goods (e.g. physical health) 

determines the individual’s well-being. Intrinsic goods are viewed as being 

universal, meaning they apply for every human being, regardless of her or his 

personal preferences or values [107]. 

The approach decides to set up specific domains that constitute QoL. This strive 

for objectivity is adopted by many assessment tools comprising generic, 

disease- or patient-specific, dimension-specific and utility-focused 

questionnaires [92]. Examples for generic assessment tools are the Short Form 

36 Health Survey (SF-36), the European Quality of Life 5 Dimensions (EQ-5D) 

and the Pediatric Quality of Life (PedsQL). These questionnaires measure 

health-related quality of life (HRQoL), with the underlying assumption that health 

is a relevant aspect (an “intrinsic good”) of a patient’s QoL and are often used 

in clinical context. In medical research, the term QoL is often used as a surrogate 

for HRQoL (p.o.). Since this can be misleading, this work will adhere to the term 
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HRQoL to distinguish between the differing concepts of QoL. Measuring HRQoL 

can be viewed as an objectivistic approach, as opposed to subjectivistic 

approaches, which will be discussed below [60]. The objectivistic view has its 

limitations, especially when it comes to phenomena like response shift  [127].  

 

The essence of the subjectivistic approach to QoL is captured by a quote by 

Joyce from 1988, stating that “each person is first and foremost an individual 

[…]. Thus, it is not a large leap to define quality of life as ‘what the patient or 

person says it is’.” [68]. This concept is akin to what Bernheim calls “subjective 

quality of life” [12]. The intellectual foundation for this concept is the idea that 

multidimensional instruments (e.g. generic questionnaires) with predetermined 

dimensions and weightings of these dimensions create considerable biases. 

Furthermore, Bernheim argues that due to the complex interactions of its 

contributing dimensions, QoL is in the end more than just the sum of its 

constituents [11]. He therefore suggests that QoL be assessed as a single 

subjective and global parameter [11]. Assessment tools for global quality of life 

(gQoL) are the Conventional Question (CQ) and the Anamnestic Comparative 

Self-Assessment (ACSA) [12].  

 

Yet another slightly different approach is assumed by measures evaluating the 

“individual quality of life” (iQoL). The concept of individual quality of life 

recognizes QoL as a subjective parameter but also relies on different domains 

constituting QoL. Tools measuring individual quality of life like the “Schedule for 

the Evaluation of Individual Quality of Life” (SEIQoL) [97] achieve this by asking 

the patients to identify those five areas of their life that have the biggest impact 

on their quality of life and then to state their current satisfaction with each of 

these areas.  

 

Albeit a distinct entity, this work will treat depressiveness in the context of gQoL. 

In fact, questionnaires measuring depressiveness like Beck ’s Depression 

Inventory (BDI) [7] or ALS Depression Inventory 12 Items (ADI-12) an ALS-

adapted version of the BDI, [57] can be viewed as dimension-specific 

assessment tools (see 1.2.1.1.) for well-being [92], with depressiveness as one 
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dimension of well-being. Referring to the term “mental health”, one could 

reasonably argue that depressiveness should rather be considered a part of 

HRQoL. Nevertheless, in the context of this work it seems more consistent and 

practical to assign concepts to one of two groups. On the one hand, HRQoL, 

comprising all measures that directly measure physical health or physical status. 

On the other hand, subjectivistic measures of QoL, encompassing measures 

that do not explicitly evaluate physical health and focus more on individual and 

affective appraisal of one’s situation (see Figure 3 below). These comprise 

gQoL, as well as iQoL and depressiveness. Many authors integrate QoL and 

depressiveness into a broader concept: psychosocial adaptation (or 

psychosocial adjustment) [3,86]. This approach understands QoL and 

depressiveness together as the operationalization of psychosocial adaptation. 

Therefore, QoL and depressiveness can be treated as outcome measures for 

psychosocial adaptation, rendering it necessary to discuss these measures in 

context. This work uses depressiveness and gQoL as outcome measures for 

psychosocial adaptation. However, Matuz et al. used iQoL instead of gQoL in 

their work on Amyotrophic Lateral Sclerosis (ALS) [86].  

 

Figure 3 ‖ Different concepts of QoL and relation to psychosocial adaptation ‖ QoL = 
quality of life; HRQoL = health related QoL; iQoL = individual QoL; gQoL = global QoL; Dep = 
depressiveness ‖QoL comprises objectivistic (HRQoL) and subjectivistic concepts (iQoL, 
gQoL). Besides these subjectivitic concepts, psychosocial adaptation also integrates 
depressiveness ‖ Lucas Mix, Ulm University;2017-2019 
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1.2.1.2. Global Quality of Life 

 

 

As indicated above, this chapter deals with the concept most central to this work 

- gQoL - but will further cover iQoL, depressiveness and psychosocial 

adaptation. This applies for all eponymous chapters of this work. 

 

Concerning SMA, QoL research of the last twenty years predominantly dealt with 

HRQoL as a surrogate for overall well-being. As already outlined above, this 

approach can be met with criticism. This is especially the case, when evidence 

from other diseases, such as ALS, is taken into account, as will be demonstrated 

later.  

 

The first study on general QoL as an outcome measure in SMA was conducted 

by Oliveira et al. [33]. They assessed QoL in children and adolescents with SMA 

types II and III with the “Autoquestionnnaire Qualité de Vie Enfant Imagé” 

(AUQEI). The AUQEI is described as a “general QoL survey” [33] measuring 

subjective QoL. Based on the results of their study, the authors concluded that 

subjective QoL of children and adolescents with SMA has no correlation with 

physical function and that these patients have a good QoL [33]. 

Another study focussed on living and ageing with SMA type II [67]. In a mixed-

methods approach the authors sought to depict the living conditions of adult 

patients. They found that adult patients with SMA state their QoL as fine 

(unfortunately the authors do not explain how exactly QoL was measured). 

Reminiscent of the SEIQoL’s approach to iQoL, in this study patients were asked 

for the three most important aspects of their lives. Family, active life and friends 

represented the predominant themes with feeling good and being healthy in the 

fourth place and meaning of life in the fifth place [67].  

Depressiveness and psychopathology in general have been studied in a 

collective of children and adolescents, comprising all three main types of SMA, 

by Laufersweiler-Plass et. al. [74]. It was found that 12.5% of patients showed a 

psychopathology according to the diagnostic criteria of the International 

Statistical Classification of Diseases and Related Health Problems 10 (ICD-10). 
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This is comparable to the prevalence in the general population [16]. The 

prevalence of depression among children and adolescents with SMA was about 

2%, which is markedly lower than the prevalence of 9% among children with 

other chronic illnesses [8]. 

 

In general, there is only very scarce knowledge on psychosocial adaptation in 

SMA, indicated by subjective quality of life and depressiveness. This holds 

especially true for adult patients and underlines the importance of research in 

this field. For reason of insufficient knowledge, the view shall be broadened by 

taking evidence from ALS into account in the next paragraph. 

 

There is abundant evidence that patients with ALS, in spite of their physically 

debilitating terminal illness, experience a satisfactory QoL. This has been shown 

for gQoL using ACSA [82], as well as for iQoL [84] using SEIQoL. As has been 

shown for children with SMA, QoL (iQoL to be precise) has no correlation with 

physical function in patients with ALS [95] . In 2008, Lulé et al. showed that, 

counter-intuitively, individual QoL increased although physical functions of 

patients deteriorated over time [83]. Consistent with this finding, iQoL seems to 

have no correlation with HRQoL [95]. Since HRQoL explicitly evaluates physical 

functioning, this seems plausible but also makes it very clear that HRQoL and 

subjective measures of QoL (namely gQoL and iQoL) are completely different 

constructs and have to be treated as such. Neudert et al. even suggest that 

generic measures of HRQoL, like the SF-36, merely present surrogates for 

measures of physical function [95]. When asked for those five aspects of life that 

determine QoL the most and weight the individual impact of each aspect 

(SEIQoL), patients with ALS seem to deviate from healthy controls. Among 

others, there were significant differences in the frequency of “social 

contact/friends” and “health” being mentioned. While “social contact/friends” was 

named significantly more frequently by ALS patients compared to healthy 

people, “health” was named significantly less frequently [82].  

 

Kübler et al. [71] found a prevalence of 43% for clinically relevant depressive 

symptoms in their cohort of ALS patients (measured with ADI-12) while Lulé et 
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al. reported a somewhat lower prevalence of 28% [83]. Studies using the 

diagnostic criteria of the Diagnostic and Statistical Manual of Mental Disorders 

IV (DSM-IV) [73] produce a lower prevalence of about 10%, which is only slightly 

higher than in the overall population (4-5%). In ALS, severity of depressive 

symptoms is not correlated to physical function [83]. 

Please note that these numbers cannot be compared to the abovementioned 

numbers in SMA, since the latter refer to a paediatric cohort and were assessed 

using different criteria (ICD-10). There is no evidence on prevalence or severity 

of depressive symptoms in adult patients with SMA.  

 

In light of the aforementioned findings in SMA and the knowledge on 

psychosocial adaptation in ALS, evidence hints at a good psychosocial 

adaptation in patients with SMA. 

Satisfactory QoL in disability and chronic disease is often referred to as the 

“disability paradox” [2]. Several theories of adaptation can be used to address 

this seeming paradox.  

 

In 1971, Brickmann and Campbell proposed the model of a “hedonic treadmill” 

[34]. The concept of the hedonic treadmill assumes that, while beneficial or 

detrimental life events transiently improve or worsen an individual’s well-being, 

the individual will eventually return to his or her individual baseline of well-being. 

This assumption is lent credibility to by findings indicating that only life events 

of the past three months significantly influence the current subjective well-being 

[128].  

The hedonic treadmill is a universal concept of adaptation to every conceivable 

circumstance and is merely descriptive. A mechanistic model for adaptation to 

health-related circumstances is offered by the concept of “response shift”. 

 

Response shift is a model proposed by Spranger and Schwartz in 1999 to 

explain discrepancies between physical function and well-being [119]. They 

provided a working definition of response shift, describing it as a change in an 

individual’s self-evaluation of a given construct (here QoL). According to this 

definition, response shift encompasses three components: recalibration, 
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reprioritization and reconceptualization. Recalibration refers to a change of 

internal standards - figuratively speaking recalibrating an inner scale of 

measurement. For example, in the course of a chronical illness, an individual 

might discard “healthy” as a default and compare her- or himself to other people 

with an illness rather than to healthy people. A reprioritization describes the 

process in which an individual changes the weight one ascribes to different 

constituents of a construct. As has been shown above, for the construct of iQoL, 

ALS patients value social aspects more than healthy people do, while ascribing 

less value to health. Reconceptualization means a redefinition of the target 

construct. People with SMA might, for example, view their chronic illness more 

as an intrinsic part of their existence, akin to characteristics like for example eye 

colour or physiognomy, and less as part of their health. SMA would be, at least 

partially, excluded from the concept of health. Reprioritization and 

reconceptualization are closely related, overlapping phenomena that cannot be 

viewed separately. Assuming this view, a reprioritization intrinsically changes 

the concept of a construct and therefore represents a reconceptualization. On 

the other hand, a concept cannot be changed without reprioritizing the values 

ascribed to its constituents. Hints at a possible reprioritization in patients with 

SMA are provided by hypotheses by Kruitwagen-van-Reenen et. al. [106] (see 

1.2.1.3.) and a work by Jeppesen et al., citing a patient with SMA type II: “ If 

there’s something I’m not able to do, the first thought that springs to my mind is 

not that it’s because of my muscular atrophy. It’s just something I can’t do.’ [67].  

 

As has been shown by Matuz et. al., perceived social support is a predictor of 

good psychosocial adaptation in ALS, as it is correlated with better iQoL and 

less severe depressive symptoms [86]. Furthermore, social support is known to 

have a direct positive effect on adaptive processes [142]. Taking response shift 

into account, it seems logic that a change in values- here to social aspects of 

life- can only be effective, if a person expects resources amenable to him or her 

in this aspect of life (e.g. social support).  

 

In the context of this work, gQoL serves as a secondary outcome measure for a 

therapeutic intervention with the ASO Nusinersen. The relevance of QoL as 
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outcome measure for interventions is stressed by the fact, that patients with 

SMA view QoL as an important outcome measure [29]. Together with the 

assessment of depressiveness, conclusions about psychosocial adaptation 

under therapy can be drawn. The evaluation of individual determinants of QoL 

via measurement of iQoL is used to identify mechanisms of adaptation in SMA.  

 

For lack of evidence in SMA, again other chronic diseases have to serve as 

models. The decision for a new therapeutic intervention is an active process, 

providing a feeling of influence on the own situation. This might especially apply 

for chronic progressive diseases such as ALS and SMA, where the disease and 

its progression ‘dictates’ much of the patients’ lives. Patients, who are normally 

restricted to adaptation and reaction are offered a way of acting. This represents 

a shift to a more internal locus of control (iLOC) [113]. In ALS it has been shown 

that an iLOC is a predictor of lower severity of depressive symptoms [86]. 

Findings from a study by Gruber-Baldini et al. [55] on Parkinson’s disease (PD) 

suggest that in PD, an iLOC is correlated with less self-reported disability. While 

the authors found no correlation between iLOC and QoL, optimism was found to 

be a predictor for good QoL [55]. 

 

1.2.1.3. Health-related Quality of Life 

 

Despite its limitations, HRQoL is a well-established construct that is especially 

relevant as an outcome measure for medical interventions. While it is important 

to acknowledge that HRQoL and subjectivist measures (like gQoL and iQoL) are 

distinct entities and to interpret them accordingly, measurement of HRQoL is by 

no means made superfluous by the introduction of global parameters like ACSA. 

The latter has to be viewed as a complement rather than a substitute according 

to Bernheim [11]. 

 

In past research, the topic was addressed with questionnaires based on open-

ended questions as well as with generic tools like SF-36 and EQ-5D. 
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In 2017, Roualt et al. sought to identify those physical functions that had the 

most impact on well-being in SMA using an own questionnaire with open-ended 

questions. It was found that (in the patients’ perception) using the restroom 

alone, having a wash by oneself, self-feeding and the performance of transfers 

(e.g. from bed to chair) on one’s own had the most impact on the patients’ well -

being. Their study further showed that concerning possible therapeutic 

outcomes, patients prioritize enhancement of life expectancy over enhancement 

of QoL [114]. 

 

As can be expected, patients with SMA score significantly lower than healthy 

subjects in subscales including measurement of physical function. This has been 

shown with SF-36 [106], as well as with EQ-5D [77]. However, SF-36 also 

measures dimensions of HRQoL independent of physical function (see 2.3.2.1. 

for more information). Patients show normal values in the scores summarized 

as “mental QoL” in SF-36 [106]. Patients with more severe symptoms show a 

better mental health as indicated by SF-36 (please compare to according 

findings in ALS; 1.2.1.2.) compared to patients with a milder disease. 

Furthermore, patients with less severe symptoms seem to experience more role 

limitations due to emotional problems [106].  

Kruitwagen-van-Reenen et. al. employ the response shift theory to explain the 

relatively good overall HRQoL on the one hand and the fact that severity of 

symptoms is positively correlated with mental health in SMA on the other hand.  

It is assumed, that patients with SMA tend to make a distinction between their 

disability and the concept of health, leading to better scores when HRQoL is 

evaluated. As already explained before, this can be interpreted in terms of 

reconceptualization. To be more precise, one could argue that for patients with 

infantile onset, this might represent less a reconceptualization than a deviation 

in concept formation compared to healthy individuals. To explain the positive 

correlation of disease severity and mental health, Kruitwagen-van-Reenen et al. 

take into account that milder symptoms are associated with a later disease 

onset. For patients with infantile onset, deterioration of physical function is the 

default, while patients with later onset might find it considerably harder to adapt 

to their progressive disease. Furthermore, this subpopulation of patients is used 
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to compare themselves to healthy people for a long time (since they grow up like 

healthy people) making recalibration more difficult than for younger patients 

[106]. 

 

1.2.2. Cognition 

 

1.2.2.1. Concept 

 

Just like QoL, “cognition” is a term with different definitions and interpretations. 

For the sake of brevity, this work will focus on one interpretation (a theory, strictly 

speaking) that best fits in the context of this work. Maturana and Varela brought 

forth a biological theory of cognition referred to as the “Santiago theory of 

cognition” (SToC) [85]. It is a theory of cognition as adaptation. All living beings 

are biological substrates of cognition understood as adaptation to the 

environment. It is a Darwinian approach that focusses on the interaction 

between the subject and its environment. We act on our environment as much 

as the environment acts on us in a mutual process. When we come in contact 

with a certain aspect of our environment, our ‘equilibrium’ is perturbed and we - 

as systems - restore this equilibrium through the process of adaptation which is 

cognition. This mutual interference is described by the term “structural coupling”. 

Even if we do not actively shape an aspect of our environment through concrete 

action on it, our perception of the environment will be changed through the 

process of cognition. In this sense, we “bring forth a world” [104], the structure 

of which is inherently linked to our own structure. This world will in turn act on 

us. The arising circle of mutual interference is the essence of structural coupling. 

A second, important notion is that of “structural determinism”. Structural 

determinism describes the fact that we are not a blank canvas for the 

environment to act on. We as humans and as individuals possess a certain 

structure, be it our biology (as a human property) or our personality (as an 

individual property). This structure determines what kind of change is elicited in 

us by the environment. Put differently, our inherent structure determines our 
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cognition. Cognition is triggered by the environment but not determined by it [85, 

104]. 

 

There is a variety of different tests evaluating different domains of cognition in 

healthy subjects as well as in patients with pathological conditions. For example, 

the Wortschatztest (WST) for assessment of verbal intelligence or the Edinburg 

Cognitive and Behavioural ALS Screen (ECAS), a test specifically designed to 

detect cognitive symptoms in patients with ALS. 

 

As already mentioned, cognition consists of various different domains. A central 

one is the domain of executive functions (or executive control). Among others, 

executive functions comprise the abilities of planning, problem-solving, flexible 

thinking and adaptation to new circumstances [54]. The role of executive 

functions for adaptation is underlined by the fact that good executive functions 

are known to be a protective factor diminishing the negative effect of early life 

adversities in children [62]. Further important components of executive functions 

are sustaining attention and social cognition [54].  

 

The term “social cognition” refers to that subset of cognitive functions associated 

with the interaction with other individuals [50]. Thus, social cognition also 

comprises empathy. Empathy is classically subdivided into two distinct 

functions. Affective empathy on the one hand and cognitive empathy on the 

other hand [125]. Affective empathy (AE) describes the process in which one 

individual shares the emotional state observed in another individual [125]. 

Cognitive empathy (CE) refers to taking another individual’s perspective  [111]. 

Other commonly used terms for the concept of CE are “mentalizing” and “theory 

of mind” (ToM). ToM - or CE - occurs early in infantile development, but is a 

competence that is still in development in adolescence [91, 140]. This work will 

focus on CE and will use the term ToM from this point on. It is important to state, 

that ToM (or CE) and AE are partially related, but distinct constructs [111, 121]. 

Thus, measurement of ToM can provide a hint at an individual’s empathic 

abilities but cannot be viewed as a surrogate for empathy. ToM can be assessed 

with the “Reading the Mind in the Eyes Test” (RMET).  
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1.2.2.2. General Cognition 

 

“In view of many restrictions in [SMA patients’] lives, with few possibilities to 

express themselves motorically, the domain of thinking and learning becomes 

their main area of creativity.”  

-von Gontard et al., 2002 [135] 

 

For a long time, the prevailing notion was that motoneuron diseases do not entail 

cognitive symptoms. In the past decades though, it has become increasingly 

clear that this does not apply for ALS. ALS is now regarded as a multisystem 

disorder with clinical and physiological overlap with frontotemporal dementia 

(FTD). A portion of three to five percent of patients with ALS exhibit FTD and up 

to 50% present with (mostly minor) cognitive impairments [31, 79]. This 

knowledge clearly questions the general assumption that the scope of 

motoneuron diseases is restricted to motoneurons.  

 

In 1967, Dubowitz stated that children with SMA were “completely normal in 

intelligence, and some in fact seem to be even brighter than average” [35]. This 

general impression of the patients’ “keen interest in their surroundings, their 

observational abilities and their mental acuity” [135] was shared by many 

clinicians. Hausmanova-Petrusewicz further suggested intelligence above 

average in children with SMA [59]. In a number of studies, children with SMA 

were used as control groups for cognitive assessment of children with Duchenne 

Muscular Dystrophy (DMD). While one early study found no significant 

difference in cognitive performance between children with DMD and those with 

SMA [141], later research consistently demonstrated superior cognitive abilities 

in SMA compared to DMD [14, 15, 98]. While DMD seems to involve cognitive 

impairment, this is not the case in SMA although the functional impairments 

inflicted by the diseases are comparable. According to Bil llard [15], adolescents 

with SMA (here 12 to 16 years) show normal verbal intelligence, normal reading 

abilities and learning achievements. 

These findings partially conform to a larger study conducted by Gontard et al. 

on 96 children and adolescents with SMA types I to III from six to eighteen years 
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[135]. The authors found that intelligence in SMA-patients did not differ 

significantly from that of healthy controls. In contrast to the results by Billard, 

verbal intelligence (assessed via “Hamburg-Wechsler-Intelligenztest für 

Erwachsene revidiert” HAWIE-R and Hamburg-Wechsler-Intelligenztest für 

Kinder revidiert” HAWIK-R) was significantly higher in adolescents with SMA (IQ 

113.8) compared to healthy controls (IQ 104.6) [135]. Evidence for enhanced 

verbal intelligence in SMA has also been found in a cohort of patients between 

the age of three and four. These patients (SMA type II) showed higher linguistic 

skills compared to their peers, reflected in a richer vocabulary [9]. The picture is 

completed by data by Sieratzki and Woll, indicating an earlier grammar 

development in children with type II SMA between the age of one-and-a-half and 

three years [124].  

A series of experiments conducted by Riviére and Lécuyer on patients with SMA 

type II suggests that infants with SMA show spatial cognition and spatial 

language superior to their peers [108-110]. This conclusion is drawn from 

performance of infantile patients in search tasks for hidden objects, as well as 

from their comprehension and active production of spatial language [108].  

Recent research has used the possibility to assess even severely affected 

patients with SMA type I via eye-tracking devices. A study on twelve type I 

patients between the ages of three and nine years identified performance inferior 

to healthy controls in pair-matching tasks [102]. These tasks comprised 

matching identical objects, matching objects to colours, matching letters to their 

corresponding capital letter and matching Arabic numbers to their corresponding 

written versions. Performance on these tasks was positively correlated to the 

level of social functioning [102].  

 

Taking the presented evidence into account, one can assume normal general 

intelligence and enhanced verbal abilities in children and adolescents with SMA. 

To date, there are no data on adult patients. Thus, assumptions on this 

subpopulation can only be extrapolations from data on paediatric patients.  

 

Application of the SToC to cognition in neuromuscular disease raises the 

question, whether altered cognition, understood as altered structure, is an 
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inherent feature of the disease or a secondary adaptation to the disease 

(structural determinism). In the latter case, the disease would rather represent 

a part of a - now changed - environment, acting on cognition “from the outside” 

(structural coupling). In the case of ALS, this question can partially be answered. 

Functions that are impaired in ALS in neuropsychological tests have been linked 

to decreased activity in the corresponding brain areas, using (f)MRI [80, 81]. In 

the light of these findings and taking into consideration that a loss of function is 

hard to explain as an adaptational process, cognitive symptoms seem to be an 

inherent feature of pathology in ALS. For other symptoms in ALS, like apathy, a 

genesis primary or secondary to the disease seems possible.  

In SMA, this matter is completely up to speculation. Since SMN is assumed to 

play a developmental role in different parts of the human forebrain [17] cerebral 

functional changes cannot be ruled out. On the other hand, functional 

impairment due to the disease can again be understood as external factor acting 

on cognition, like in ALS.  

 

Current explanations focus on the latter approach. While DMD has a detrimental 

effect on cognitive abilities (see 1.2.2.2.), SMA seems to allow for adaptation 

and compensation. Gontard et al. speculate that the good cognitive abilities of 

patients with SMA are the result of psychological compensation mechanisms 

[135]. According to this hypothesis, patients increasingly turn towards their 

cognitive abilities to compensate for their bodily restrictions.  

In able-bodied children spatial cognition and language are believed to develop 

in an interactive cycle of perception and action with the environment (structural 

coupling) [126]. Infants with SMA generally acquire no (or very little) experience 

with self-locomotion and have difficulties physically manipulating their 

environment. The good performance of children with SMA in these domains is 

therefore noteworthy. Oudgenoeg-Paz and Rivière propose two theories to 

explain these findings: social stimulation hypothesis and improved attention 

hypothesis [99]. Social stimulation hypothesis reasons that for physically 

restricted children, language may become a pivotal tool to instruct caregivers to 

manipulate the environment for them. This way the physical world is explored 

by proxy, accounting for good spatial language and cognition. Improved 
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attention hypothesis suggests that children with SMA may make stronger use of 

their attentional resources when completing spatial search tasks, compared to 

healthy children. To explain the premature development of grammar use in 

infants with SMA Sieratzki and Woll put forth a neuropsychological hypothesis 

[124]. They postulate that due to reduced sensorimotor development, resources 

in procedural learning can be used otherwise. They further propose that these 

resources are allocated to the development of grammar [124]. 

 

The body of evidence stems predominantly from research on SMA type II. Thus, 

this knowledge might not apply for the more severe cases - mainly SMA type I. 

Pair-matching difficulty could be understood as a hint at cognitive impairment in 

this poorly explored subpopulation. Polido et al. acknowledge the possibilities of 

both cognitive impairment primary to the disease as well as secondary effects. 

For the latter, they suggest reduced stimulation through the environment and 

lack of interaction, considering that many of these patients are unable to speak. 

This hypothesis is supported by the finding that cognitive performance was 

found to be positively correlated with social functioning [102].  

 

1.2.2.3. Empathy 

 

Neither empathy as a whole, nor ToM have been assessed in patients with SMA 

so far. However, based on the knowledge concerning general cognition in SMA 

presented above, assumptions can be made. 

 

As already described, clinicians observed enhanced interest in the surroundings 

and well-developed observational abilities in children with SMA [135]. There is 

no reason to believe that this interest and observational abilities should not be 

directed at other people as well and lead to a better understanding of these 

people. In extension of the improved attention hypothesis [99] this would 

represent only one more example where improved attention leads to better 

cognitive performance in children with SMA (here, ToM). Remaining within the 

theoretical framework provided by Oudgenoeg-Paz and Rivière, social 
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stimulation hypothesis [99] also yields implications for empathy in SMA. 

Exploring and manipulating the world by proxy requires children to see the world 

from their caregiver’s perspective. A well-developed ToM is a prerequisite for 

this.  

It has been shown by Jenkins et. al. [66] that general language ability and verbal 

memory correlate positively with the development of a ToM. As presented 

above, children with SMA possess verbal abilities above average, which further 

suggests enhanced ToM in children with SMA.  

Polido et al. propose a hypothesis of reduced stimulation in severely (and 

verbally) impaired patients with type I SMA [102]. Integrating this view into social 

stimulation hypothesis, it seems possible that reduced environmental and social 

stimulation hampers the development of ToM in severe cases of SMA. 

 

Furthermore, it might be assumed that patients, who are very dependent on the 

help of other people, learn very well to understand and get along with the people 

they depend on. This requires not only ToM, but also AE. The special need for 

successful social interaction for patients with SMA is summed up by a quote by 

a patient: 

“You can’t tell the personal assistant to go to hell because then you can’t go to 

bed. You can’t go to the bathroom. You can’t do anything.” [67]  
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1.3. Approach 

 

In the clinical application study “ASOtreatSMA” at the “Universitäts- und 

Rehabilitationskliniken Ulm” (RKU), children, adolescents and adults with 

genetically confirmed SMA are treated with the ASO Nusinersen. To carefully 

assess patients under therapy with Nusinersen, it is indispensable to provide 

more evidence on the benefit for patients - especially in the adult subpopulation. 

Thus, this is an explorative longitudinal study in paediatric and adult patients 

within an interventional medical trial. The clinical application study includes 

measurement of clinical parameters, biomarkers, neurophysiological 

parameters, imaging and neuropsychological assessment. This work focusses 

on the neuropsychological aspect. Quality of life was assessed as a secondary 

outcome measure of therapy with Nusinersen. Cognition was assessed as a 

neuropsychological measure independent of the therapy. 

 

Based on the presented knowledge on QoL and cognition in general and in SMA, 

the following hypotheses are formulated.  

 

Quality of Life 

I.  Therapy with Nusinersen is associated with an increase in QoL in patients 

with SMA. (1.2.1.2.) 

II.  In general, patients with SMA show a good level of psychosocial 

adaptation. (1.2.1.2.) 

III. ‘Health’ is less relevant to QoL for patients with SMA, than it is for healthy 

subjects. (1.2.1.2.) 

Cognition 

IV. In general, cognitive abilities in SMA are comparable to those of healthy 

subjects in paediatric, as well as in adult patients. (1.2.2.2) 

V. Verbal abilities in SMA are superior to those of healthy subjects in 

paediatric, as well as in adult patients. (1.2.2.2.) 

VI. Patients with SMA are more empathic than healthy subjects. (1.2.2.3.) 
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To date, there is no published data on hypotheses I, III and VI. Concerning 

hypothesis II, evidence is scarce and refers mainly to paediatric patients. Testing 

hypotheses IV and V shall produce data to further solidify the evidence on 

cognition in paediatric patients and create first evidence in the adult 

subpopulation. 

 

To test these hypotheses, patients were assessed with questionnaires and 

neuropsychological tests. gQoL is assessed with ACSA, HRQoL with SF-36 or 

PedsQL (depending on age) and domains relevant for individual QoL with 

SEIQoL. Depressiveness as a constituent of psychosocial adaptation is 

evaluated with ADI-12. For the assessment of general cognitive domains ECAS 

is used, while verbal intelligence is evaluated with WST and ToM with RMET. 

The same tests are performed in a cohort of healthy subjects matched for sex, 

age and education.  
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2. Methods 

 

 

2.1. Cohort 

 

The cohort of this study consists of three sub-cohorts: a the main cohort of 26 

patients participating in the study ASOtreatSMA at the RKU (Ulm, Germany), b 

a cohort of 16 patients treated with Nusinersen at the Medizinische Hochschule 

Hannover (MHH) (Hanover, Germany) and c a cohort of 4 southern-German 

patients not participating in ASOtreatSMA who receive outpatient supportive 

therapy at the RKU. 

 

The focus of this work is on the main cohort a, for which longitudinal (therapy-

related) and cross-sectional measures were obtained. For cohorts b and c, only 

cross-sectional measures were evaluated. The exact procedures for each cohort 

are described in the following chapter (2.2.). This chapter restricts itself to a 

characterisation of the main cohort a while for cohorts b and c only a tabular 

overview is provided (see Table 1).  

 

Each measure could only be evaluated in a subset of patients. For this reason, 

for each measure discussed, a tabular overview over the exact cohort evaluated 

will be provided (2.3.- 2.5.2.). 

 

The inclusion criteria for this study (cohort a) were a genetically confirmed 

diagnosis of SMA, age between 7 and 70 years and participation in the clinical 

application study ASOtreatSMA at the RKU. However, treatment with 

Nusinersen in ASOtreatSMA was not a requirement for cohorts b and c, in which 

therapy-non-related measures were assessed cross-sectionally.  

 

Cohort a comprises N = 26 SMA-patients. Initially, 27 patients were included, 

but one 7-year-old female patient with severe type I SMA had to be excluded 
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again, since communication was not feasible due to extensive speech 

impairment and lack of an eye-tracking device. Assuming a prevalence of 1 to 2 

per 100,000 (see 1.1.1.) and a population of 80,000,000 in Germany, this 

represents between 1.6 and 3.3% of the prevalent German SMA population 

(between 2.9 and 5.9% when considering cohort b and c as well).  

 

The cohort consisted of 16 (61.5%) male and 10 (38.5%) female patients. 

4 (15.4%) patients suffered from type I SMA, while 9 (34.6%) patients suffered 

from type II and 13 (50.0%) from type III SMA. The distribution of paediatric (age 

at inclusion <18 years) and adult (age at inclusion >18 years) was 12 (46.2%) 

paediatric and 14 (53.8%) adult patients. The median age in this cohort lay at 

23.4 years, with a minimum age of 7.5 years and a maximum age of 60.8 years. 

None of the patients was invasively ventilated. 11 (42.3%) of the 26 patients 

made use of non-invasive ventilation (NIV), while percutaneous endoscopic 

gastrostomy (PEG) was present in 4 (15.4%) patients. 19 (73.1%) patients were 

able to keep their head in an upright position, 13 (50%) could maintain a sitting 

position and 6 (23.1%) were ambulatory. Only those 20 (76.9%) patients, who 

were non-ambulatory used a wheel-chair.  

Of the included 26 patients in cohort a, two pronounced their will to no longer 

take part in the study after the first assessment (T1). For these two drop-outs 

(11 years, male, type II SMA and 47 years, male, type II SMA) only cross-

sectional measures could be obtained. Table 1 provides a tabular overview for 

cohorts b and c. 
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Table 1 ‖ Overview over cohorts b and c ‖ u.quart. = upper quartile; l.quart. = lower quartile; 
interqu. = interquartile range; max.= maximum; min.= minimum; n= number of individulas;  
SMA= spinal muscular atrophy; Medizinische Hochschule Hannover= MHH; Universitäts- und 
Rehabilitationskliniken Ulm= RKU ‖ the table characterizes cohort b, consisiting of SMA-
patients treated with Nusinersen at MHH and cohort c, consisting of southern-German SMA-
patients not treated with Nusinersen, who receive outpatient supportive therapy at RKU ‖  RKU; 
2017-2019 

cohort age (years) sex type of SMA n 
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b 35.1 43.8 26.8 23.0 64.6 19.1 11 5 0 8 8 16 

c 25.1 41.6 21.9 19.6 46.8 21.1 1 3 0 3 1 4 
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2.2. Procedure 

 

The first patients of cohort a were treated in ASOtreatSMA in context of a 

Compassionate Use Program (CUP). The CUP was granted by the German 

Bundesinstitut für Arzneimittel und Medizinprodukte (BfArM) to allow for 

treatment of patients in advance of the eventual approval of Nusinersen by the 

EC. Allocation of patients to the RKU was made by the Deutsche Gesellschaft 

für Muskelkranke e.V. (DGM). After the approval, patients themselves contacted 

the RKU for treatment with Nusinersen and could then decide to participate in 

ASOtreatSMA. The same applies for the patients of cohort b, who were 

assessed at the MHH. For cohort c, seven patients not participating in 

ASOtreatSMA who received supportive therapy in the outpatient clinic of the 

RKU were contacted via e-mail. Four out of seven patients replied, expressing 

their will to participate in the study.  

 

Patients in cohort a were assessed cross-sectionally for therapy-non-related-

measures and longitudinally for therapy-related measures. For intrathecal 

injection of Nusinersen, patients were admitted to the clinic for a two-night-stay. 

Neuropsychological assessments, as well as functional tests in ASOtreatSMA, 

were carried out at the RKU during the patients’ stay at the clinic. Longitudina l 

assessment of patients was carried out over a period of six months. Drug-

loading comprised four applications in the first two months (day 1, 15, 30 and 

60) and maintenance four-monthly applications (starting with day 182). On day 

1 (T1), sociodemographic data and measures of QoL and depressiveness were 

evaluated. Day 15 (T2) comprised assessment of general cognition, verbal 

intelligence and empathy. On day 30 (T3) neuropsychological assessment was 

paused. On days 60 (T4) and 182 (T5), QoL and depressiveness were measured 

again. Assessment of iQoL with SEIQoL was performed only once at either T4 

or T5. Evaluations usually took approximately 30 minutes for T1, 45 minutes for 

T2 and 20 minutes for T4 and T5. Table 2 provides an overview over the 

protocol.  

 



34 

Table 2 ‖ Overview over the study protocol ‖ Dep = depressiveness; Cog = cognition; GC = 
general cognition; VI = verbal intelligence; Emp = empathy; Sociodem = sociodemographic 
assessment; Func = functional measurements (see 2.5.2).; ACSA= Anamnestic Comparative 
Self-Assessment; ADI-12= ALS Depression Inventory 12 Items; SF-36= Short Form 36 Health 
Survey; PedsQL= Paediatric Quality of Life Inventory; SEIQoL= Schedule for the Evaluation of 
Individual Quality of Life; ECAS= Edinburgh Cognitive and Behavioural ALS Screen; WST= 
Wortschatztest; RMET= Reading the Mind in the Eyes Test; SMA= spinal muscular atrophy; 
RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= Medizinische Hochschule Hannover 
‖ T1 to T5 represent the different points in time over the course of the study for each patient. 
Patients with spinal muscular atrophy under treatment with Nusinersen at RKU and MHH were 
assessed for different domains of QoL, cognition, sociodemographic and functional parameters 
‖ RKU; 2017-2019 

 

Neuropsychological assessment was performed personally except for few 

instances, in which it was performed by telephone (four times) or by e-mail (three 

times). Due to immobility, tests were usually performed in the patients’ rooms. 

Sometimes caregivers (relatives or personal assistants) were present during the 

assessments (see 4.3.). Since not all patients could wield a pen, tests were 

standardly carried out orally, to achieve best comparability. exact procedures for 

each test are described in the appropriate chapters.  

 

Patients in cohort b were assessed once cross-sectionally and exclusively for 

sociodemographic and cognitive measures at the MHH. Assessment at MHH 

took approximately 90 minutes.  

  T1 T2 T3 T4 T5 

day 1 15 30 60 182 
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Of the four patients in cohort c, two were assessed at the RKU and two at their 

homes. In this cohort, all tests of the protocol were evaluated once cross-

sectionally. For cohort c, assessment took approximately 90 minutes.  

 

Due to the explorative study design of ASOtreatSMA age distribution and 

number of patients could not be predicted beforehand. This led to the inclusion 

of some questionnaires over the course of the study (discussed in the 

appropriate chapters). Extension of the main cohort by cohorts b and c was also 

decided for in the course of the study.  

 

Healthy controls were matched for age, sex and years of education. While for 

the paediatric patients, a 1:1-matching was carried out, for adult patients (and 

the mixed cohort of paediatric and adult patients) a mean matching was 

considered sufficient. The cohort was regarded as matched when there was no 

detectable significant difference between patients and controls. This was 

achieved for age and years of education. However, the gender distribution in 

patients could not be reproduced in the control group (see 4.3.). Since for 

different measures, different subgroups were evaluated, the control group was 

adjusted each time to warrant for the best possible matching. In total, 34 

individuals (12 paediatric and 22 adult) were assessed as matched controls. 

 

One of the 26 patients of cohort a had a previously diagnosed severe depressive 

pathology. This patient was excluded from data analysis. Since depressiveness 

is the target construct measured with ADI-12, data for this patient was included 

for cross-sectional evaluation of depressiveness in the cohort at T1, but these 

data were excluded for longitudinal data analysis (see 3.1.3.).  

 

This study was approved by the ethics committee of the university of Ulm 

(application 19/12). The assessments at the MHH were approved by the ethics 

committee of the MHH (application 6269). 
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2.3. Quality of Life 

 

2.3.1. Global Quality of Life 

 

2.3.1.1. ACSA 

 

The ACSA (Anamnestic Comparative Self-Assessment) is an assessment tool 

for the construct of global QoL (gQoL) - a subjectivistic approach to QoL [11]. 

 

This study uses ACSA to test hypotheses I (Therapy with Nusinersen is 

associated with an increase in QoL in patients with SMA.) and II (In general, 

patients with SMA show a good level of psychosocial adaptation.). For 

hypothesis I, ACSA is used as one of two measures of QoL (the other being SF-

36/ PedsQL). For hypothesis II, ACSA is used as a constituent of psychosocial 

adaptation, along with depressiveness (see 1.2.1.1.).  

 

ACSA was developed by Bernheim in 1999 [11]. The tool aims to reduce biases 

introduced by other tools for the measurement of subjective well-being [12]. 

ACSA is easy to administer and quick and seemed to be easily understood by 

patients, even in the paediatric subgroup (p.o.). It has been shown that ACSA is 

robust against confounding by sociodemographic variables (e.g. age or sex) 

[12], justifying its use in a cohort with great dispersion of age (hypotheses I + II). 

The tool was developed in clinical context and shows a good sensitivity to 

change [12], which is a desirable feature in longitudinal designs (hypothesis I).  

 

ACSA is self-anchored. Patients are first asked to name those periods of their 

lives, in which they experienced the best and worst well-being so far. After that, 

patients are presented a scale reaching from -5 to +5. On this scale, a well-being 

of -5 is equivalent to the worst QoL experienced so far, 0 represents a neutral 

state and +5 is equivalent to the best QoL experienced. Patients then indicate 

the QoL experienced over the past two weeks on this scale.  
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Asking for the personal experiences was done orally and the answer (type of 

experience and point in time) was noted down by the interviewer. Paediatric 

patients who seemed uncomfortable with providing personal experiences were 

offered to think of experiences but then keep them to themselves. Patients were 

then shown the scale visually and asked to pick one value between -5 and +5 

for the past two weeks. For cohort a, 68 assessments were carried out 

personally, four were done on the telephone and one via e-mail. Patients 

seemed to tolerate the tool well. 

 

Only cohort a contributed to longitudinal data for ACSA. For cohort c ACSA was 

carried out cross-sectionally. Table 3 characterizes the exact cohorts for which 

ACSA was obtained for T1, T4 and T5. ACSA at T1 could be assessed in 25 of 

26 patients. Missing data for one patient is accounted for by inclusion of this 

patient after T1. One additional patient was excluded from data analysis for T1-

T5 (for reasons see 2.2.), resulting in data of 24 patients for ACSA at T1. There 

were two drop outs after T1 (see 2.1) and data collection for ACSA was missed 

in another patient, reducing the patients assessed for ACSA at T4 to 22. Data 

from 23 patients could be collected for ACSA at T5. Complete data of all three 

dates could be obtained for 21 patients. 

 

For analysis of ACSA as a determinant of psychosocial adaptation and as a 

secondary outcome measure for treatment with Nusinersen, only data from 

cohort a was considered.  
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Table 3 ‖ Cohorts for ACSA (longitudinal) ‖ ACSA= Anamnestic Comparative Self-
Assessment;  u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; 
paed.= paediatric; min.= minimum; max. = maximum; n= number of individuals; SMA= spinal 
muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= Medizinische 
Hochschule Hannover; gQoL= global quality of life ‖ the table characterizes the different cohorts 
of SMA patients, who were assessed for gQoL with ACSA over the course of the study , 
depending on the point in time. T1 (day 1), T4 (day 60) and T5 (day 182) represent the different 
points in time over the course of the study for each patient  ‖ RKU and MHH; 2017-2019 

date age (years) group sex type of SMA n 
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2.3.1.2. SEIQoL 

 

The SEIQoL-DW (Schedule for the Evaluation of Individual Quality of Life- Direct 

Weighting) is an assessment tool for the construct of individual QoL (iQoL) - a 

subjectivistic approach to QoL [97]. 

 

This study uses SEIQoL to test hypothesis III (‘Health’ is less relevant to QoL 

for patients with SMA, than it is for healthy subjects.). For this hypothesis, one 

part of the SEIQoL’s approach to iQoL is used to identify aspects relevant to 

QoL in patients with SMA.  
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SEIQoL was developed by O’Boyle et al. [97] in 1994 to account for the fact that 

determinants of QoL and their weightings vary interindividually. Compared to 

other QoL tools like the SF-36, SEIQoL is perceived as more valid and less 

burdensome by patients [96]. In fact, the administration of SEIQoL is even 

viewed as a psychosocial intervention by some [72]. 

 

When administering SEIQoL, patients are asked to name those five aspects of 

their lives that have the greatest impact- positive or negative- on their QoL. After 

that, patients are asked to assign a percentual weight to each aspect mentioned, 

with all aspects adding up to a hundred percent. In a last step, patients rate their 

current satisfaction with each aspect of their lives on a visual analogue scale. 

Computing the weightings with the individual levels of satisfaction provides a 

score for iQoL between 0 and 100.  

 

This study refrained from the computation of a score, since SEIQoL was solely 

used to identify determinants of QoL and their relative weights in patients with 

SMA. For analysis, answers were then grouped in five categories (1. Health and 

health-related 2. Social environment 3. Recreation and leisure 4. Career and 

finances 5. Other). For the two categories most relevant to this work (1. and 2.), 

the satisfaction was evaluated by transformation of the scores on the visual 

analogue scale into percentual values. 0% corresponds to the least possible 

satisfaction, 50% to a neutral state and 100% indicates the greatest possible 

satisfaction. SEIQoL was performed orally in style of a semi-structured interview 

for all patients. The weighting of aspects originally intends the use of a manually 

adjustable disc, made up of five segments representing a pie chart. However, 

most patients preferred indication of percentual values which were then added 

up to a hundred percent together with the interviewer. Patients tolerated SEIQoL 

well and in some cases even found joy and satisfaction in the task (p.o.). Some 

patients had difficulties identifying a number of five aspects but in the end all 

patients were able to complete the task. 

 

The SEIQoL was not initially part of the study design but was introduced later as 

a cross-sectional measure. As a result, the SEIQoL was not assigned to a 
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specific date in the protocol but was carried out over the course at either T4 or 

T5. This was done under the assumption that the determinants of QoL named in 

SEIQoL and their individual weightings do not shift considerably over the 

relatively short time covered in this study. Thus, the obtained data are viewed 

as a rough estimate representative of the six months covered for each patient. 

 

Cohorts a and c contributed to the cross-sectional data for SEIQoL. Owing to 

the rather complex task, SEIQoL was only assessed for patients over ten years 

of age, leading to the exclusion of two patients. Another two patients dropped 

out of the study before SEIQoL could be assessed. For one patient SEIQoL was 

refrained from to spare her the prolongation of tedious and exhausting 

assessment via eye-tracking. One additional patient was excluded from data 

analysis (for reasons see 2.2.). In total, 24 of 30 patients completed the SEIQoL. 

The cohort is characterized in Table 4.  

 

For the determination of aspects of life relevant to QoL, data from both cohorts 

a and c were considered. For correlation with longitudinal and cross-sectional 

data, only data from cohort a was analysed.  

 

Table 4 ‖ Cohorts for SEIQoL (cross-sectional) ‖ SEIQoL= Schedule for the Evaluation of 
Individual Quality of Life; u.quart. = upper quartile; l.quart. = lower quartile; interqu. = 
interquartile range; paed.= paediatric; min.= minimum; max. = maximum; n= number of 
individuals; SMA= spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken 
Ulm; iQoL= individual quality of life‖  the table characterizes the different cohorts of SMA 
patients, who were assessed for iQoL with SEIQoL ‖ RKU; 2017-2019 
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2.3.1.3. ADI-12 

 

The German version (ADF-12; ALS-Depressionsfragebogen 12) of the ADI-12 

(ALS Depression Inventory 12 Items) was used as an assessment tool for 

depressiveness, which is one of the two measured indicators of psychosocial 

adaptation [70]. 

 

This study uses the ADI-12 to test hypothesis II (In general, patients with SMA 

show a good level of psychosocial adaptation.). For this, depressiveness 

measured with ADI-12 is used as an indicator of psychosocial adaptation, along 

with gQoL.  

 

The tool was developed by Kübler et al. in 2005 as a screening instrument for 

depressive symptoms in patients with neurodegenerative diseases and was 

based on the widely used Beck’s depression inventory (BDI) [57]. The twelve 

ADI items focus on anhedonia, mood and energy [70] and do not assess 

symptoms to which both depression or neurodegenerative disease could have 

contributed. Each item is a statement referring to the last two weeks. Patients 

can indicate their agreement to the statements, choosing between four options 

on a Likert-type scale (“I fully agree”, “I agree”, “I don’t agree” and “I do not agree 

at all”). Each item yields a score between one and four, leading to sum scores 

between 12 and 48. Scores below 23 indicate no depressive symptoms, while 

scores between 23 and 28 indicate mild depressive symptoms and scores above 

28 clinically relevant depressive symptoms. 

 

ADI-12 has never been used in patients with SMA before. Nevertheless, its good 

correlation with the well-established BDI [57], the fact that it was developed 

specifically for patients with neurodegenerative diseases and that none of the 

items are related to motor function justify its use in this study [57]. 

 

The ADI-12 posed some difficulty for assessment in the paediatric cohort. This 

questionnaire was usually carried out at the end of the interview to allow for a 

rough appraisal of the child’s psychological constitution and individual maturity 
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beforehand. All statements and response options were read to the patients aloud 

and repeated if necessary. Not letting the patients read the questions allowed to 

gently introduce younger, potentially vulnerable patients to distressing questions 

or skip certain questions altogether. On this basis it was decided to exclude item 

eleven (“I often wish I were dead.”) for some patients individually. This was done 

in six cases. In three cases, ADI-12 was left out at T1 to avoid overwhelming 

young patients. 

However, some of the adult patients wished to see the questionnaire to have an 

overview over the response possibilities. This wish was granted. For cohort a, 

60 assessments were carried out personally, two were done on the telephone 

and one via e-mail. 

 

Despite the above-mentioned exceptions, the ADI-12 was generally well 

tolerated, even by paediatric patients. One caregiver asked for the ADI-12 not 

to be assessed with her child in advance of the interview. A second caregiver, 

considered assessment with the ADI-12 too straining for her child after the 

interview, resulting in one of the two dropouts (see 2.1.). One adult patient also 

mentioned a high level of mental distress after completion of ADI-12 at T1. For 

this patient, ADI-12 was no longer evaluated at T4 and T5. In two patients, 

assessment of ADI-12 at T4 was missed.  

 

Only cohort a contributed to longitudinal data for ADI-12. For cohort c ADI-12 

was carried out routinely and cross-sectionally. Table 5 characterizes the exact 

cohorts for which ADI-12 was obtained for dates T1, T4 and T5 in cohort a. 

 

For analysis of ADI-12 as a determinant of psychosocial adaptation only data 

from cohort a was considered. To facilitate the comparison of scores of patients 

for whom only eleven or the full twelve questions were assessed, a percentual 

score (ADI-12(perc.)) was computed. This score ranges from 25 to 100% with 

cut-offs of 46 and 60% for mild and clinically relevant depressive symptoms, 

respectively. 
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Table 5 ‖ Cohorts for ADI-12 (longitudinal) ‖ ADI-12= ALS Depression Inventory 12 Items; 
u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; paed.= 
paediatric; min.= minimum; max. = maximum; n= number of individuals; SMA= spinal muscular 
atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm ‖ the table characterizes the 
different cohorts of SMA patients, who were assessed for depressiveness with ADI-12 over the 
course of the study, depending on the point in time. T1(day 1), T4 (day 60) and T5 (day 182) 
represent the different points in time over the course of the study for each patient  ‖ RKU; 2017-
2019 

date age (years) group sex type of SMA n 
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2.3.2. Health-related Quality of Life 

2.3.2.1. SF-36 

 

The SF-36 (Short Form 36 Health Survey) is a generic assessment tool for the 

construct of health-related QoL (HRQoL)- an objectivistic approach to QoL. 

 

This study uses the SF-36 to test hypothesis I (Therapy with Nusinersen is 

associated with an increase in QoL in patients with SMA.). For this, SF-36 is 

used as one of two measures of QoL (the other being ACSA) for adult patients 

(≥18 years).  
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SF-36 was developed by Ware et al. in 1992 [138] to provide an alternative to 

longer, more straining tools that demanded a high degree of compliance of 

patients in longitudinal studies. It is currently the most frequently used tool for 

patient reported outcomes (PRO) in clinical trials worldwide and has also been 

used for patients with SMA before (see 1.2.1.3.). SF-36 is also an appropriate 

tool for the assessment of HRQoL in patients of 14 years and older.  

 

This questionnaire, referring to the past four weeks, uses 36 questions to assess 

eight different dimensions: 1.physical functioning (PF), 2.role-limitations due to 

physical health (RP), 3.bodily pain (BP), 4.(perception of) general health (GH), 

5.vitality (VT), 6.social functioning (SF), 7.role-limitations due to emotional 

status (RE) and 8. mental health (MH). Additionally, the perceived health 

transition (HT) compared to the last year is assessed as a single item measure. 

For each of the 36 questions, patients choose an answer on five- or six-point 

Likert scales. Precoded numeric values are recoded per a given scoring key 

[139]. Items are averaged. After computation each dimension provides a value 

between 0 (worst state possible) and 100 (best state possible).  

 

SF-36 was administered orally. All statements and possible responses were 

read to the patients aloud and repeated if necessary. For cohort a, 37 

assessments were carried out personally and two on the telephone. Patients 

tolerated the tool well and all patients provided answers for all 36 questions. 

 

The SF-36 was not initially part of the study design but was introduced later as 

a longitudinal measure. This was due to the fact that at the beginning of this 

study, the proportion of adult patients was largely underestimated and for this 

reason, the use of one single HRQoL tool for the complete cohort seemed 

acceptable. However, it soon became clear that the uniform use of a tool for 

paediatric HRQoL (the PedsQL) would lead to data of poor quality for a 

considerable part of the cohort. Thus, SF-36 was included in the study as more 

valid alternative to PedsQL in the adult cohort.  
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Only cohort a contributed to longitudinal data for SF-36. For cohort c SF-36 was 

carried out routinely and cross-sectionally. Table 6 characterizes the exact 

cohorts for which SF-36 was obtained for T1, T4 and T5.  

One patient was excluded from data analysis for T1-T5 (for reasons see 2.2.). 

Delayed inclusion of the tool caused missing assessments for T1 and T4 in two 

patients. SF-36 at T1 could be assessed in 12 of 15 patients (cohort a has only 

14 adult patients but for one patient -17.7 years at inclusion- SF-36 was 

considered more appropriate and valid than PedsQL). For one patient, SF-36 

could only be evaluated for T1 due to drop out (see 2.1.). Consequently, SF-36 

at T4 was obtained for 11 patients and SF-36 at T5 for 14 patients. Complete 

data of all three dates could be obtained for 11 patients. 

 

For analysis of SF-36 as a secondary outcome measure for treatment with 

Nusinersen, only data from cohort a was considered.  
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Table 6 ‖ Cohorts for SF-36 (longitudinal) ‖ SF-36= Short Form 36 Health Survey; u.quart. = 
upper quartile; l.quart. = lower quartile; interqu. = interquartile range; paed.= paediatric; min.= 
minimum; max. = maximum; n= number of individuals; SMA= spinal muscular atrophy; RKU= 
Rehabilitations- und Universitätskliniken Ulm; HRQoL= health-related quality of life ‖ the table 
characterizes the different cohorts of SMA patients, who were assessed for HRQoL with 
SEIQoL over the course of the study, depending on the point in time. T1 (day1), T4 (day 60) 
and T5 (day 182) represent the different points in time over the course of the study for each 
patient ‖ RKU; 2017-2019 

date age (years) group sex type of SMA n 
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2.3.2.2. PedsQL 

 

The PedsQL (Paediatric Quality of Life Inventory) is a generic assessment tool 

for the construct of HRQoL- an objectivistic approach to QoL in people below 18 

years of age. 

 

This study uses the PedsQL to test hypothesis I (Therapy with Nusinersen is 

associated with an increase in QoL in patients with SMA.). For this, PedsQL is 

used as one of two measures of QoL (the other being ACSA) for paediatric 

patients (<18 years).  
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PedsQLwas developed by Varni et al. in 1999 to remedy the lack of a concise, 

generic tool, assessing HRQoL as a self-reported measure in children (pre-

existing tools were deemed either too long for children, were only directed at 

adolescents or relied on proxy reports by assessment of the parents’ appraisal) 

[132]. PedsQL is an appropriate tool for the assessment of HRQoL in patients 

between five and 18 years.  

 

In a review by Eiser of 43 tools for evaluation of paediatric HRQoL, PedsQL 

(along with two other tools) was considered the most useful and well-designed 

[38]. The version of PedsQL used in this study is the PedsQL Generic Core 

Scale, designed for use in both healthy and ill subjects. As extension to the 

Generic Core Scale exists a disease-specific Neuromuscular Module. The use 

of both has been tested in patients with SMA before, confirming the tool ’s validity 

and reliability in this cohort [65]. To keep assessment short and agreeable for 

paediatric patients, only the PedsQL Generic Core Scale was used in this study. 

For sake of simplicity, it is further referred to as “PedsQL” again.  

 

This questionnaire, referring to the past four weeks, uses 23 questions to assess 

four different dimensions: 1.physical functioning (PF), 2.emotional functioning 

(EF), 3.social functioning (SF) and 4.school functioning (ScF). These four 

dimensions can further be grouped in two summary measures: Physical Health 

Summary Score (equivalent to PF) and Psychosocial Health Summary Score 

(comprising EF, SF and ScF). For each of the 23 questions, patients choose an 

answer on a five-point Likert scale. The answers are recoded before being 

scored and summed up for each of the four dimensions. The mean of the scores 

yields a value between 0 (worst state possible) and 100 (best state possible) for 

each dimension. The summary scores are the mean values of its constituting 

dimensions. 

 

PedsQL was administered orally. All statements and possible responses were 

read to the patients aloud and repeated if necessary. For cohort a, all 27 

assessments were carried out personally. 
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Patients seemed to tolerate the questionnaire well (p.o.). One caregiver wished 

to see the questionnaire beforehand and asked to exclude some questions she 

considered too distressing for her child. This wish was followed. Scores for each 

dimension can be computed, if at least 50% of the questions of this dimension 

are answered. This criterium was met.  

 

Only cohort a contributed to data for PedsQL. Table 7 characterizes the exact 

cohorts for which PedsQL was obtained for dates T1, T4 and T5.  

PedsQL(T1) was assessed in 10 of 11 patients, which is accounted for by 

inclusion of one patient after T1 (cohort a has only 12 paediatric patients, but for 

one patient -17.7 years at inclusion- SF-36 was considered more appropriate 

and valid than PedsQL). For one patient, PedsQL could only be evaluated for 

T1 due to drop out. PedsQL(T4) was obtained for 9 patients since assessment 

at T4 was missed in one patient. PedsQL(T5) was obtained for 10 patients. 

Complete data of all three dates could be obtained for 8 patients.  

 

For analysis of PedsQL as a secondary outcome measure for treatment with 

Nusinersen, only data from cohort a was considered.  
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Table 7 ‖ Cohorts for PedsQL (longitudinal) ‖ PedsQL= Paediatric Qualiy of Life Inventory; 
u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; paed.= 
paediatric; min.= minimum; max. = maximum; n= number of individuals; SMA= spinal muscular 
atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; HRQoL= health-related quality of 
life ‖ the table characterizes the different cohorts of SMA patients, who were assessed for 
HRQoL with PedsQL over the course of the study, depending on the point in time. T1(day 1), 
T4 (day 60) and T5 (day 182) represent the points in time over the course of the study for each 
patient ‖ RKU; 2017-2019 

date age (years) group sex type of SMA n 
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2.4. Cognition 

 

2.4.1. General Cognition 

 

2.4.1.1. ECAS 

 

The ECAS (Edinburg Cognitive and Behavioural ALS Screen) is a screening tool 

for cognitive alterations in ALS [1]. 

 

This study uses ECAS to test hypothesis IV (In general, cognitive abilities in 

SMA are comparable to those of healthy subjects in paediatric, as well as in 

adult patients.). For hypothesis IV, ECAS is used to evaluate different domains 

of cognition in patients with SMA and to detect possible differences compared 

to healthy subjects.  

 

ECAS was developed by Abrahams et al [1] in 2013 to provide a fast and easy-

to-apply screening tool for cognitive and behavioural changes in ALS for clinical 

practice.   

 

ECAS has neither been used in patients with SMA before, nor has it ever been 

applied in paediatric patients. Nevertheless, the fact that it was developed 

specifically for patients with a neurodegenerative disease is a beneficial feature 

of this tool for the use in SMA. ECAS can be performed either verbally or in 

written form and considers difficulties in speech that would otherwise influence 

the test results. ECAS also contains the assessment of behavioural aspects that 

may be altered in patients with ALS. However, since that was not the objective 

of this study, only the cognitive component of ECAS was used here. ECAS is a 

multi-domain tool, consisting of 16 tests subsumed under five domains. The 

assessed domains of cognition and the according tests are language (naming of 

objects, comprehension and spelling), verbal fluency (producing words with a 

given letter), executive function (social cognition, sentence completion, 
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alternation and reverse digit span), memory (immediate recall, delayed recall 

and delayed recognition) and visuospatial abilities (counting cubes, counting 

dots and locating a dot in a rectangle). For each domain a sum score is 

computed by adding up the scores achieved in each task. Maximum scores are 

28 for language, 24 for verbal fluency, 48 for executive function, 24 for memory 

and 12 for the visuospatial domain. Speech, verbal fluency and executive 

function are summarized as ALS-specific domains with a maximum score of 100 

and memory and visuospatial abilities as ALS-non-specific domains with a 

maximum score of 36. Together, they provide an ECAS total score with a 

maximum of 136.  

 

Cohort a, b and c all contributed to cross-sectional data for ECAS. Table 8 

characterizes the exact cohort in which ECAS was assessed. 

ECAS could not be assessed for all patients. In cohort a, two patients dropped 

out, before ECAS could be assessed (see 2.1.). Another two patients of this 

cohort were spared an exhausting assessment with ECAS considering severe 

dysarthria in one case and an eye-tracking device being the only means for 

communication in the other. For one patient, who was growing up bilingual ly, 

with Italian being the dominant language, the Italian version of ECAS was used. 

One adult patient was excluded due to disturbances during completion of ECAS 

and one additional patient was excluded from data analysis for reasons that 

have been elaborated on in section 2.2. 

 

For analysis of ECAS for evaluation of different cognitive domains in patients 

with SMA, data from all three cohorts was considered.  
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Table 8 ‖ Cohort for ECAS (cross-sectional) ‖ ECAS= Edinburg Cognitive and Behavioural 
ALS Screen; u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; 
paed.= paediatric; min.= minimum; max. = maximum; n= number of individuals; SMA= spinal 
muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= Medizinische 
Hochschule Hannover ‖ the table characterizes the cohort of SMA patients, who were assessed 
for different general domains of cognition with ECAS at RKU and MHH cross-sectionally at T2 
(day 15) of the study‖ RKU and MHH; 2017-2019 

group age (years) sex type of SMA n 
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2.4.1.2. WST 

 

The WST (Wortschatztest) is a tool for the measurement of verbal intelligence 

[117]. 

 

This study uses WST to test hypothesis V (Verbal abilities in SMA are superior 

to those of healthy subjects in paediatric, as well as in adult patients.). For this 

hypothesis, WST is used to evaluate the level of verbal intelligence in patients 

with SMA. 

 

WST was developed by Schmidt and Metzler [117] in 1992 as a quick tool for 

the assessment of verbal intelligence for diagnosis, clinical psychology, 

psychiatry and neuropsychology.  

 

The test is brief and largely not age-dependent (keeping in mind the 

considerable age dispersion in this study) [117]. Thus, it represents a useful 

estimate of verbal intelligence in the context of this study. Nevertheless, it is 
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important to acknowledge that vocabulary is only one aspect of language and 

does not allow any inferences on grammatical abilities. 

 

The test consists of 42 tasks of increasing difficulty. Each task is a row of six 

words, consisting of five pseudo-words and one actual word. Patients are asked 

to identify this word. Beforehand they are informed that they need not give a 

definition of this word and that familiarity with the word is sufficient. 

Nevertheless, patients are instructed not to resort to guessing but to say so in 

case they don’t recognize any of the words. WST produces a raw score of 

correctly recognized words. The raw scores can be transformed to z-scores, Z-

scores and IQ-scores and standard values for individuals between 16 and 90 

years are available. WST was usually administered orally and patients tolerated 

the tool well. 

 

Cohort a, b and c all contributed to cross-sectional data for WST. Table 9 

characterizes the exact cohort in which WST was assessed. 

WST could not be assessed for all patients. In cohort a, two patients dropped 

out, before WST could be assessed (see 2.1). For one paediatric patient, who 

was growing up bilingually, with Italian as the dominant language, the WST was 

not carried out since it was not considered a valid test for this patient. One adult 

patient was excluded for reason of disturbances during completion of WST. 

Another patient was excluded from data analysis for reasons presented in 

section 2.2.  
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Table 9 ‖ Cohort for WST (cross-sectional) ‖ WST= Wortschatztest; u.quart. = upper quartile; 

l.quart. = lower quartile; interqu. = interquartile range; paed.= paediatric; min.= minimum; max. 

= maximum; n= number of individuals; SMA= spinal muscular atrophy; RKU= Rehabilitations- 

und Universitätskliniken Ulm; MHH= Medizinische Hochschule Hannover  ‖ the table 

characterizes the cohort of SMA patients, who were assessed for verbal intelligence with WST 

at RKU and MHH cross-sectionally at T2 (day 15) of the study ‖ RKU and MHH; 2017-2019 

group age (years) sex type of SMA n 
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2.4.2. Empathy 

2.4.2.1. RMET 

 

The RMET (Reading the Mind in the Eyes Test) is a test for the measurement of 

theory of mind (ToM) [5]. 

 

This study uses RMET to test hypothesis VI (Patients with SMA are more 

empathic than healthy subjects.). For hypothesis VI, RMET is used to measure 

ToM in patients with SMA and detect possible differences compared to healthy 

subjects.  

 

RMET was developed by Baron-Cohen et al in 1997 to provide a highly sensitive 

tool for detection of social cognition deficits in patients with high functioning 

Autism or Asperger Syndrome [5]. In 2001 a revised version of the test with 36 

items (instead of 25 in the initial version) was published [6].This study uses a 

German modified version of the RMET consisting of 24 items [118]. 
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As already discussed, ToM is not equivalent to empathy and inferences from 

one concept to the other have to be made with caution. RMET is a well-

established and valid tool but has never been used in patients with SMA before.  

 

In the RMET, patients are presented 24 pairs of eyes as black-and-white 

pictures. These pictures show the eyes themselves as well as a small portion of 

the surrounding area including eye brows, lower forehead, upper cheeks and 

nasal bridge. Each of the 24 pictures represents one emotion the patients are 

asked to identify. The answer can be chosen from four response options for each 

picture.  

 

RMET was administered orally. Children were encouraged to ask for 

explanations, in case they were unfamiliar with the meaning of one of the 

response options. Like with WST, for one patient the responses were translated 

into Italian. Patients appeared to tolerate the test well. 

 
Table 10 ‖ Cohort for RMET (cross-sectional) ‖ RMET= Reading the Mind in the Eyes Test; 
u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; paed.= 
paediatric; min.= minimum; max. = maximum; n= number of individuals; SMA= spinal muscular 
atrophy; ToM= theory of mind; RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= 
Medizinische Hochschule Hannover ‖ the table characterizes the cohort of SMA patients, who 
were assessed for ToM with RMET at RKU and MHH cross-sectionally at T2 (day 15) of the 
study ‖ RKU and MHH; 2017-2019 

group age (years) sex type of SMA n 
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Cohort a, b and c all contributed to cross-sectional data for RMET. Table 10 

characterizes the exact cohort in which RMET was assessed. 

 

RMET could not be assessed for all patients. In cohort a, two patients dropped 

out, before RMET could be assessed (see 2.1.). Furthermore, one adult patient 

was excluded due to disturbances during completion of RMET. One additional 

patient was excluded from data analysis for reasons that have been elaborated 

on in section 2.2. 
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2.5. Covariates and statistics 

 

2.5.1. Sociodemographic and functional parameters 

 

Sociodemographic parameters 

 

At T1, sociodemographic data, as well as information on therapeutic decision 

making and social support, were obtained.  

 

Patients were asked for their date of birth, sex, family status, current occupation, 

and the number of years of education. School years, years of academic 

education as well as years of apprenticeship were counted as years of 

education. Further, patients were assessed for their disease type, disease onset 

and age of first diagnosis as well as their status concerning invasive ventilation 

(IV), non-invasive ventilation (NIV), percutaneous endoscopic gastrostomy 

(PEG), wheelchair use, ambulation, independent sitting and holding the head in 

an upright position. Frequency and intensity of pain were evaluated on a six-

point Likert like scale. Some of these data have already been presented to 

characterise the cohort (see 2.1.).  

 

For evaluation of therapeutic decision making, patients were asked, who 

decided for therapy with Nusinersen (patients themselves, family, other), 

whether they had already decided for or against the use of further therapeutic 

measures in the future (IV, NIV, PEG) and how much they want their physician 

to involve them in therapeutic decisions (according to Strull et al. [146]). The 

rather burdensome question on whether the patient could imagine situations in 

which they would no longer consider life worth living was skipped for some 

paediatric patients.  

 

Patients were further asked how often they attend (religious) services and how 

much strength they draw from faith. The personal importance of two values- 

independence and tradition- was rated on an eight-point Likert like scale.  
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Social support was evaluated in terms of approximate number of social contacts 

per day, time per day spent with these contacts as well as the ratio between 

personal contacts and contacts with professional caregivers or assistants. Use 

of phone, e-mail and social media was also assessed. In two questions, patients 

should indicate the extent to which they feel supported by their social 

environment and how much of a burden they think their disease represents for 

their social environment. Again, this last question was omitted for some 

paediatric patients.  

 

Furthermore, the latency between positive answer for the therapy and T1 was 

calculated for each patient. The date of the ‘positive answer’ was defined as the 

day on which the patients’ insurance granted to cover the therapy costs. 

 

Functional parameters 

 

For cohort a, functional parameters were assessed at T1, T4 and T5. Functional 

testing comprised assessments with the ALS Functional Rating Scale (ALSFRS) 

[22], as well as its revised version (ALSFRSR-R) [23] and further tests, 

depending on the type of SMA. These were the Children’s Hospital of 

Philadelphia Infant Test for Neuromuscular Disease (CHOP-INTEND) [52], the 

Hammersmith Functional Motor Scale Expanded (HFMSE) [105], Revised Upper 

Limb Module (RULM) [87] and 6-Minute-Walk-Test (6MWT) [40]. The ALSFRS, 

provides a good estimate of the level of physical impairment for each patient and 

was uniformly measured in all age groups. The ALSFRS is a tool designed for 

the tracking of disability and its progression in patients with ALS [22]. The scale 

consists of ten items with five response options each, scored from zero to four 

(four meaning no impairment and zero no residual function). The items assessed 

are speech function, salivation, swallowing, writing, feeding, dressing, turning 

(in bed), walking, climbing stairs and breathing. Adding the scores for each item 

results in a total score between zero (no residual physical function) and 40 (no 

impaired physical function). This work also used the ALSFRS-R, a revised 
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version of the ALSFRS, with scores from zero to 48 [23] and the HFMSE with 

scores from zero (worst possible) to 66 (best possible) [105].  

 

2.5.3. Statistics 

 

For statistical analysis of the data, IBM SPSS Statistics (Version 24/25) was 

used. 

 

Normality  

Normality was tested for all variables using the Shapiro-Wilk test (S-W test). S-

W test was chosen over the Kolmogorov-Smirnoff test (K-S test), since the S-W 

test is more sensitive to deviations from normality and is especially suited for 

small data sets [122]. For data with non-normal distribution, instead of the mean 

and the standard deviation (SD), the median and quartiles are provided. For the 

sake of uniformity, in instances where some subscores of a test exhibit non-

normal distributions, while others are normally distributed, median and quartiles 

are indicated for all subscores. When the distribution of normally distributed data 

and non-normally distributed data is depicted in one figure, boxplots are used 

for both data.  

 

Non-parametric analysis 

Most data of this study are not normally distributed. Where this was the case, 

non-parametric methods were used. Except for some rare instances, Kendall’s 

τ was used for correlations because of the small data set and the fact that tied 

ranks occurred frequently. In some cases, where tied ranks played a smaller 

role, Spearman’s ρ was used. Robust 95% confidence intervals were calculated 

with a bias corrected and accelerated bootstrap (BCa CI) and are reported in 

square brackets. Kendall’s τ was usually transformed to an approximate 

equivalent value of Pearson’s r with the table provided by Gilpin  [51], based on 

the formula suggested by Kendall: 𝑟 = sin(
1

2
𝜋𝜏) [136]. These equivalent values 

are not exact values and are to be seen as a rough orientation. This was done 

to better demonstrate, compare and interpret effect sizes. Effect sizes were 



60 

classified as suggested by Cohen [28]: r ≥ 0,1 = small effect, r ≥ 0,3 = medium 

effect and r ≥ 0,5= large effect. To compare independent subgroups, Mann-

Whitney test (M-W test) was used as a non-parametric method. Effect sizes r 

were computed from the z-scores provided by IBM SPSS Statistics according to 

the formula by Rosenthal [112], 𝑟 =
𝑧

√𝑁
. Because of the small sample size, exact 

significance values (instead of asymptotic ones) are reported. For the 

comparison of more than two independent subgroups, Kruskal-Wallis test (K-W 

test) was used and the asymptotic significance was indicated. Since K-W test 

produced no significant results, the computation of effect sizes was refrained 

from for this test. For categorial outcomes, instead of the 𝜒2 test, Fisher’s exact 

test was used, due to the small sample size. As a gauge for effect size, the odds 

ratio (OR) was computed here. Longitudinal analysis (repeated measures) was 

carried out with Friedman’s ANOVA (F-ANOVA). Thereafter, a follow-up with 

Wilcoxon signed-rank tests for pair-wise comparisons (T1-T4, T1-T5, T4-T5) 

was done. Here, again effect sizes were calculated according to the formula by 

Rosenthal (see above). 

 

Parametric analysis 

In the rare instances where data were normally distributed, Pearson’s r was used 

for correlations. Like for the non-parametric correlations robust 95% confidence 

intervals were calculated with a bias corrected and accelerated bootstrap (BCa 

CI) and are reported in square brackets. For comparison of independent groups, 

the t-test was used. Here, also robust 95% confidence intervals were calculated 

with a bias corrected and accelerated bootstrap (BCa CI). As an effect size, 

Cohen’s d was calculated. For regression analysis, multicollinearity was 

checked for and to take a possible lack of homoscedasticity into consideration, 

equal variances were not assumed and for this reason the degrees of freedom 

were adjusted. Therefore, there was no more need for Levene’s test. 

Bootstrapping was performed. Longitudinal analysis (repeated measures) was 

carried out with a repeated-measures ANOVA (rm-ANOVA). Sphericity was 

checked for and corrected for with the Greenhouse-Geisser estimate. 
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Matching 

The mean-matched cohort of controls was adjusted for each analysis depending 

on the subgroup to guarantee for the best matching possible.  

 

Correction for multiple testing 

This is an explorative study. Thus, there was no correction for multiple testing.  

A threshold of p = 0,05 was used to define statistical significance.  
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3. Results 

 

 

3.1. Quality of Life 

 

3.1.1. Global Quality of Life 

 

3.1.1.1. ACSA 

 

Cross-sectional analysis 

 

Cross-sectional analysis was carried out for the cohort characterized in 2.3.1.1. 

Table 3.  

 

In the cohort the median score in ACSA was 3 (u.quart. = 4, l.quart = 2). ACSA 

scores in the adult subgroup (median = 3) did not differ significantly from those 

in the paediatric subgroup (median = 3), U = 58.00, z = -0.821, p = 0.459, r = 

0.17. Figure 4 below illustrates the distribution of ACSA scores in patients with 

SMA (left) and healthy controls. At T1, patients reported significantly higher 

ACSA scores (median = 3) than healthy controls (median = 2) with a medium 

sized effect, U = 86.50, z = -3.006, p = 0.003, r = -0.48. When analysing adult 

patients separately, only a trend remained, U = 31.50, z = -1.901, p = 0.071, r = 

-0.41. In the cohort of paediatric patients in contrast, this effect remained 

significant, U = 26.00, z = -2.327, p = 0.023, r = -0.50.  
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No significant difference in ACSA scores between male and female patients 

could be detected U = 79.00, z = 0.959, p = 0.383, r = 0.19. Furthermore, gQoL 

- measured with ACSA - was not significantly correlated with age, τ = -0.11, 95% 

BCa CI [-0.439, 0.236], p = 0.498. However, there was a highly significant 

inverse correlation between gQoL and physical function, measured with 

ALSFRS at T1, τ = -0.42, 95% BCa CI [-0.694, -0.1609], p = 0.010. The observed 

effect size is equivalent to a Pearson’s r = -0.61, which denotes a large effect. 

Thus, a high degree of physical impairment was a predictor for high gQoL at 

baseline.  

Figure 4 ‖ Frequency of ACSA scores (gQoL) at T1 in patients and controls ‖  npatients=24; 
ncontrols=16; ACSA= Anamnestic Comparative Self-Assessment; gQoL= global Quality of Life; 
n= number of individuals; SMA= spinal muscular atrophy; RKU= Rehabilitations - und 
Universitätskliniken Ulm‖ the figure depicts the gQoL of SMA patients over the past 2 weeks, 
assessed at the start of therapy (T1; day 1) with Nusinersen (left side, light green) and the gQoL 
of matched controls (right side, dark green). A value of -5 represents a gQoL equivalent to the 
worst gQoL ever experienced, while a value of 0 represents a neutral gQoL and a value of +5 
a gQoL equivalent to the best gQoL ever experienced ‖ RKU; 2017-2019 
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Analysing adult and paediatric patients separately, only the adult subgroup 

showed a significant correlation (paediatric:  τ = -0.27, 95% BCa CI [-0.874, 

0.340], p = 0.287; adult: τ = -0.46, 95% BCa CI [-0.719, 0.151], p = 0.043). 

The correlation in the general cohort was also significant for ALSFRS-R, while 

for HFMSE only a trend could be detected (ALSFRS-R: τ = -0.40, 95% BCa CI 

[-0.665, -0.148], p = 0.013; HFMSE: τ = -0.29, 95% BCa CI [-0.599, -0.007],  

p = 0.055). The relation between physical function (ALSFRS) and gQoL (ACSA) 

at T1 is illustrated in Figure 5 below. 

 

A significant correlation between qQoL and type of SMA could not be found 

(median type I = 4, median type II = 3.5, median type III = 3) H(2) = 3.30, p = 

0.192. gQoL at T1 did not significantly correlate with the disease onset but there 

was a strong trend that higher gQoL at T1 was associated with an earlier onset 

of the disease, τ = -0.32, 95% BCa CI [-0.532, -0.118], p = 0.060.  

 

Furthermore, no significant or close-to-significant correlation with any of the 

covariates could be detected, except for the latency between positive answer for 

the therapy and gQoL at T1. In adult patients, latency was significantly and 

inversely correlated with ACSA, τ = -0.54, 95% BCa CI [-0.858, -0.149], p = 

0.018. This is equivalent to a Pearson’s r = 0.750 and therefore denotes an effect 

of large size. The effect could not be found in the cohort of paediatric patients,  

τ = -0.51, 95% BCa CI [0.289, -1.000], p = 0.139. Correlations of ACSA with 

ADI-12 and SEIQoL are presented in context of ADI-12 in 3.1.1.3 and in context 

of SEIQoL in 3.1.1.2.. Likewise, correlations with the measures of HRQoL, SF-

36 and PedsQL, are to be found in context of SF-36 in 3.1.2.1.. and of PedsQL 

in 3.1.2.2. 
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Longitudinal analysis 

 

Longitudinal analysis was carried out only for those 21 patients who provided 

complete data for all three points of time and were not excluded for any of the 

other reasons described before. 

 

Because of the smaller cohort in the longitudinal analysis, results for T1 for this 

smaller cohort were also included in Table 11 below. The significant correlation 

Figure 5 ‖ Scatter plot of physical function (ALSFRS) and gQoL (ACSA) at T1 ‖ n=24, for 
characteristics of this cohort, see 2.3.1.1., table 3, first row; note that there are only 22 dots 
because of overlapping data points at (25/2) and (12/3); ALSFRS= ALS Functional Rating 
Scale; gQoL= global Quality of Life; ACSA= Anamnestic Comparative Self-Assessment; SMA= 
spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm ‖ the figure 
depicts the association of gQoL (ACSA) and physical function (ALSFRS) at the start of therapy 
(T1; day 1) with Nusinersen at RKU in patients with SMA. ACSA values of -5 represent a gQoL 
equivalent to the worst gQoL ever experienced, while values of 0 represent a neutral gQoL and 
a value of +5 a gQoL equivalent to the best gQoL ever experienced. In ALSFRS, higher values 
represent higher remaining motor functions ‖ RKU; 2017-2019 
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of ACSA and ALFRS detected at T1 persisted at T4, and T5. This also applies 

for ALSFRS-R (see Table 11). For HFMSE, only a trend towards a correlation 

with ACSA could be found at T1. Significant correlations of HFMSE and ACSA 

presented themselves only at T1 and T5 (see Table 11 again). For disease onset 

and ACSA, the only significant correlation was detected at T5, indicating that an 

early onset of disease presented itself as a predictor of a better gQoL only at 

T5. Longitudinal correlations of ACSA and ADI-12 are presented in 3.1.1.3. 

 

gQoL, measured with ACSA, changed significantly over the six months covered 

by this study, 𝜒2(2) = 6.30, p = 0.043. This is illustrated with boxplots in Figure 

6. Wilcoxon tests were used to follow up this finding and revealed a decrease in 

the median values for ACSA over time. qQoL did neither change significantly 

over the two months between T1 and T4, T = 39.50, p = 0.068, r = -0.28, nor 

over the four months between T4 and T5, T = 30.00, p = 0.260, r = -0.17. 

However, there was a highly significant decrease in gQoL when looking at the 

full six months between T1 and T5, T = 22.00, p = 0.008, r = -0.41. This effect is 

of medium size, according to Cohen. In contrast to the situation at T1, at T5 

patients’ ACSA scores did no longer differ significantly from those of healthy 

controls, U = 165.50, z = -0.398, p = 0.706, r = -0.07.  

 

When analysing adult and paediatric patients separately, the picture changes. 

Looking exclusively at adult patients, this subgroup did not change significantly 

in ACSA over time, with median scores of 3, 2 and 2 chronologically, 𝜒2(2) = 

2.46, p = 0.292. This result is mirrored in non-significant Wilcoxon tests in the 

follow up. However, the direct comparison of ACSA at T1 and T5 suggests a 

strong trend towards a decrease in gQoL over time, T = 9.00, p = 0.055, r = 

-0.39. This close-to-significant effect is of medium size. Like at T1, adult patients 

(median = 2) did not differ from healthy controls (median = 2) regarding ACSA 

at T5, U = 60.00, z = 0.440, p = 0.702, r = 0.10.  
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Table 11‖ Longitudinal correlations of measures of physical function and disease onset 
with gQoL (ACSA)‖ n= 20; gQoL= global Quality of Life; ACSA= Anamnestic Comparative Self-
Assessment; BCa CI= bias corrected and accelerated 95% bootstrap confidence intervals; 
ALSFRS(-R)= ALS Functional Rating Scale (Revised); HFMSE =Hammersmith Functional Motor 
Scale Expanded; n= number of individuals; p=probability (significance); τ = correlation 
coefficient tau; SMA= spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken 
Ulm; * = significant; ** = highly significant ‖ the table depicts the association of physical function, 
disease onset and gQoL in patients with SMA under treatment with Nusinersen at RKU over the 
course of the study. T1 (day1), T4 (day 60) and T5 (day 182) represent the different points in 
time. Correlations were calculated with Kendall’s τ  ‖ RKU; 2017-2019 

   ACSA (T1) ACSA (T4) ACSA (T5) 

ALSRFS 

τ -0.50 -0.44 -0.48 

BCa 

CI 
[-0.773, -0.113] [-0.714, -0.066] [-0.732, -0.187] 

p 0.006** 0.014* 0.007** 

ALSFRS-R 

τ -0.48 -0.43 -0.45 

BCa 

CI 
[-0.727, -0.154] [-0.699, -0.077] [-0.724, -0.129] 

p 0.008** 0.016* 0.011* 

HFMSE 

n = 19 

τ -0.40 -0.35 -0.41 

BCa 

CI 
[-0.683, -0.077] [-0.587, -0.032] [-0.664, -0.095] 

p 0.032* 0.060 0.028* 

onset 

τ -0.30 -0.29 -0.44 

BCa 

CI 
[-0.580, -0.147] [-0.640, 0.008] [-0.643, -0.129] 

p 0.051 0.072 0.025* 
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A separate analysis of the paediatric subgroup produces a similar picture. gQoL 

in this group did not change significantly over time either, yielding median ACSA 

scores of 3, 3 and 2 chronologically, 𝜒2(2) = 4.74, p = 0.093. Like in the adult 

subgroup, follow up with Wilcoxon tests did not produce significant results. 

Nevertheless, a direct comparison of T1 and T5 again suggests a downward 

trend of gQoL over time, T = 3.00, p = 0.054, r = -0.46. This is an effect of 

medium size. In contrast to the situation at T1, paediatric patients did no longer 

Figure 6 ‖ Longitudinal development of gQoL (ACSA) ‖ n = 21; gQoL= global Quality of 
Life; ACSA= Anamnestic Comparative Self-Assessment; T1 (day1): median = 3.0; T4(day 
60): median = 2.0; T5 (day 182): median = 2.0; SMA= spinal muscular atrophy; n= number 
of individuals; RKU= Rehabilitations- und Universitätskliniken Ulm; ‖ the figure depicts the 
gQoL (ACSA) of patients with SMA under treatment with Nusinersen at RKU over the course 
of the study. A value of -5 represents a gQoL equivalent to the worst gQoL ever 
experienced, while a value of 0 represents a neutral gQoL and a value of +5 a gQoL 
equivalent to the best gQoL ever experienced ‖ modified after [150], first published in 
Frontiers in Neurology under the license CC BY 4.0 
http://creativecommons.org/licenses/by/4.0/ ‖ RKU; 2017-2019 
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differ from controls regarding their level of gQoL at T5, U = 36.00, z = -0.427, p 

= 0.730, r = -0.10. 

 

 

For each patient, an “amplitude” of ACSA over 6 months was calculated as the 

difference of the lowest and the highest of the three scores. The median 

amplitude was 1 (u.quart. = 3, l.quart. = 1).  

 

In this cohort, the amplitude of ACSA exhibited a significant correlation with age, 

τ = -0.34, 95% BCa CI [-0.084, 0.676], p = 0.049. This equals a Pearson’s r= - 

0,51. The finding indicates that in this cohort, higher age was a predictor for a 

higher amplitude of ACSA, meaning bigger fluctuations in gQoL. Furthermore, 

there could be found a non-significant trend of depressiveness, being positively 

correlated with a higher amplitude of ACSA, τ = 0.33, 95% BCa CI [-0.084, 

0.676], p = 0.084. Equalling a Pearson’s r=0.495, this denotes a medium to large 

effect. Analysis also detected a strong trend of a high weighting of “Social 

environment” in SEIQoL, being associated with a smaller amplitude in ACSA, τ 

= -0.35, 95% BCa CI [-0.752, 0.158], p = 0.060. This suggests a trend towards 

a situation. in which a high importance of social aspects for iQoL is a predictor 

for a more stable gQoL over time. The effect is equivalent to a Pearson’s r = 

0.52, meaning it is a large effect.  

 

In the cohort of adult patients, latency between positive answer for the therapy 

and start of therapy (T1) was only correlated with ACSA at T1, but showed no 

significant correlation with gQoL at later points in time. This is summarised in 

Table 12. Please note, that values for T1 deviate slightly from those reported for 

cross-sectional analysis, since the cohort analysed longitudinally was smaller. 

No correlations could be found in the paediatric cohort. 
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3.1.1.2. SEIQoL 

 

Cross-sectional analysis 

 

For the determination of aspects of life relevant to iQoL, data from both cohorts 

a and c were considered. 

 

As described in 2.3.1.2., the aspects of life named by patients were assigned to 

one of five categories: 1. Health and health-related 2. Social environment 3. 

Recreation and leisure 4. Career and finances 5. Other. Since the assignment 

of named cues to a category is a highly subjective task, it is considered important 

for transparency to list all given cues. Table 13 lists all cues and the categories 

they were assigned to including the median weighting assigned to these 

categories in patients and controls. Figure 7 illustrates for how many of the 

patients each category appeared. The most frequently addressed category was 

“Social environment”, which appeared in SEIQoL for 23 (96%) out of 24 patients. 

The least frequently addressed category on the other hand was “Health and 

health-related” which made an appearance in 10 (42%) patients. Among those 

10 patients only 2 (8%) explicitly named “health”. To evaluate the importance of 

each category for iQoL in this cohort, the median weighting of each category 

  ACSA (T1) ACSA (T4) ACSA (T5) 

latency 

τ -0.58 -0.10 -0.25 

BCa CI [-0.902, -0.056] [-0.731, 0.492] [-0.633, 0.237] 

p 0.016* 0.668 0.288 

Table 12 ‖ Longitudinal correlation of latency between positive answer for therapy and 
T1 and gQoL (ACSA) in adult patients ‖ n = 12; gQoL= global Quality of Life; ACSA= 
Anamnestic Comparative Self-Assessment; BCa CI= bias corrected and accelerated 95% 
bootstrap 95% confidence intervals; SMA= spinal muscular atrophy; RKU= Rehabilitations- und 
Universitätskliniken Ulm; n= number of individuals; p=probability (significance);  τ = correlation 
coefficient tau; * = significant; ** = highly significant ‖ the table depicts the association of latency 
between positive answer for therapy and start of therapy (T1; day 1) with gQoL in adult patients 
with SMA under treatment with Nusinersen at RKU over the course of the study. T1 (day1), T4 
(day 60) and T5 (day 182) represent the different points in  time. Correlations were calculated 
with Kendall’s τ   ‖ RKU; 2017-2019 

 

 

 

 

 



71 

was computed. With a median weighting of 52.5% “Social environment” was the 

category that appeared to have the most influence on iQoL. Conversely, “Health 

and health-related” seemed to exert only a small influence with a median 

weighting of 0% reflecting the fact that more than half of the patients did not 

name a cue out of this category at all. In healthy controls, the most frequent 

category was also “Social environment” and made an appearance in 14 (100%) 

out of 14 persons. The category named least frequently in the control cohort was 

“Health and health-related” and was named by 2 (14%) persons. These two 

patients explicitly named “health”.  

 

Fisher’s exact test indicated no significant difference in the frequency of the 

category “Health and health-related” between patients and controls, p = 0.140, 

φ = 0.284, odds ratio (OR) = 4.29. Due to the very small number of two persons 

in each group (representing 8% in patients and 14% in controls), no separate 

computation for “health” itself and only for “health and health-related” was 

carried out. With a median weighting of 55% “Social environment” exerted the 

greatest influence on iQoL in healthy controls. The distribution of weightings in 

this category did not differ significantly between patients and controls, U = 

172.00, z = 0.122, p = 0.917, r = 0.02. Similarly, the distribution of weightings in 

the category “Health and health-related did” not differ between the two groups 

with median weightings of 0%, U = 122.50, z = -1.670, p = 0.171, r = 0.27. The 

category “Recreation and leisure” played a significantly bigger role for iQoL in 

controls (median weighting = 22.5%) than it did in patients (median weighting = 

15%), U = 234.50, z = 2.030, p = 0.043, r = 0.33. 
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Figure 7 ‖ Occurrence of relevant aspects of life in SEIQoL sorted by categories in cohort 
a and c ‖ n=24; SEIQoL= Schedule for the Evaluation of Individual Quality of Life ; Health= 
Health and health-related; Social= Social environment; Recreation= Recreation and leisure; 
Occupation= Occupation and finances; Other=other; SMA= spinal muscular atrophy; RKU= 
Rehabilitations- und Universitätskliniken Ulm ‖ the figure depicts for how many SMA patients 
each category played an important role for their individual quality of life, according to SEIQoL.. 
The darker green area on the left represents those two patients, who explicitly named “health” . 
Included are SMA patients, under tretatment with Nusinersen at RKU (cohort a) and southern-
German SMA patients not treated with Nusinersen, who receive outpatient supportive therapy 
at RKU (cohort c) ‖ RKU; 2017-2019 

 

For further analysis, only the two categories most relevant to this work- ‘Health 

and health-related’ and ‘Social environment’ and only data from cohort a were 

considered. For these, the median satisfaction was computed among those 

patients for whom these categories occurred in SEIQoL. The mean satisfaction 

for ‘Health and health-related’ lay at 56.9% (SD 23.5%, 95% CI [38.9, 74.9]) and 

for ‘Social environment’ at 74.8% (SD 13.7%, 95% CI [68.2, 81.4]). No mean 

satisfaction was computed for „Health and health-related“ in the control group, 

since only two people named cues out of this category. Likewise, no mean 

satisfaction was computed for those patients, who explicitly named “health”.  The 

mean satisfaction for “Social environment” in the control group lay at 82.6% (SD 

9.6%, 95% CI [77.0, 87.9]). On average, healthy controls reported a higher 

satisfaction with social aspects of their lives. The difference of 7.8%, BCa 95% 
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CI [-1.1, 15.8] was not significant, t(26.798) = -1.815, p = 0.081. However, this 

represented an effect of d = 0.81, which is a large effect according to Cohen 

[28].  

 

Weightings of these two categories in the adult subgroup did not differ 

significantly from those in the paediatric subgroup, ‘Health and heal th-related’: 

U = 40.00, z = -0.48, p = 0.699, r = -0.11, ‘Social environment’: U = 47.00, z =  

-0.119, p = 0.938, r = -0.03. No significant difference in the weightings between 

male and female patients could be detected, ‘Health and health-related’: U = 

48.50, z = 0.260, p = 0.817, r = 0.06, ‘Social environment’: U = 29.00, z =  

-1.314, p = 0.211, r = -0.29. Furthermore, the weighting of these two categories 

exhibited no correlation with age, ‘Health and health-related’: ρ = 0.17, 95% BCa 

CI [-0.371, 0.611], p = 0.464, ‘Social environment’: ρ = -0.10, 95% BCa CI [-

0.596, 0.417], p = 0.668. The weighting of ‘Social environment’ did not correlate 

with physical function measured with ALSFRS at T1  ρ = 0.34, 95% BCa CI [-

0.159, 0.743], p = 0.147 (the same applied for ALSFRS-R and HFMSE). 

However, there was a significant inverse correlation of the weighting of ‘Health 

and health-related’ with physical function measured with ALSFRS at T1, ρ = -

0.49, 95% BCa CI [-0.763, -0.066], p = 0.028. This was also true for ALSFRS-

R, but for HFMSE only a strong trend could be detected, ρ = -0.45, 95% BCa CI 

[-0.748, -0.073], p = 0.055. The observed effect size for ALSFRS is equivalent 

to a Pearson’s r of about the same value, which denotes a medium to large effect 

[51]. This indicates that poor physical function was correlated with health (and 

health-related aspects of life) being more relevant for iQoL. 
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Table 13 ‖ Cues named in SEIQoL in cohorts a and c and median weighting of each 
category ‖ npatients=24; ncontrols=14; SEIQoL= Schedule for the Evaluation of Individual Quality 
of Life; *=significant difference between patients and controls; SMA= spinal muscular atrophy; 
iQoL= individual quality of life; M-W test= Mann-Whitney test; RKU= Rehabilitations- und 
Universitätskliniken Ulm ‖ the table shows which cues SMA patients named as the most 
relevant to their iQoL in SEIQoL, sorted in categories. For each category, the median weighting 
(impact on iQoL as percentage out of a hundred percent) is indicated for patients and for 
matched healthy controls. Included are SMA patients, under tretatment with Nusinersen at RKU 
(cohort a) and southern-German SMA patients not treated with Nusinersen, who receive 
outpatient supportive therapy at RKU (cohort c). Significant differences in the weighting 
between pateints and controls were identified with the M-W test and are indicated with stars (*) 
‖ RKU; 2017-2019 

 

category 

median 

weighting 

patients 

 

cues 

 

median 

weighting 

controls 

Health and 

health- 

related 

0.0% 

medical equipment, health (x2), organizing 

care, technical equipment (x3), restrictions 

in contact with friends, therapy with 

Nusinersen (x2), caregiving (x2), 

wheelchair, mobility 

0.0% 

Social 

environment 
52.5% 

family(x14), friends (x12), social 

environment (x3), girlfriend (x2), children, 

wife, colleagues, brother-in-law, 

relationship, kindness of others, friends 

and family, family and relationship(x2) 

55.0% 

Recreation 

and leisure 
15.0% 

hobbies (x2), activities (2x), playstation, 

watching soccer, watching series, going 

outside, hockey, dog (x2), leisure time (x2), 

time to myself, repose, pets (x2), 

computer, internet (x2), music, motorbike, 

holidays (x2), creativity, activities with 

friends, politics, sports, going out, 

travelling (x2), food, concerts, sleep 

22,5%* 

Occupation 

and 

finances 

7.5% 
school (x4), work (x6), school grades, 

university, career, finances 
10.0% 

Other 5.0% 

having tasks, weather (x3), house, 

apartment (x2), independence, stress(x2), 

whereabouts, worries about the future, 

education, knowledge, justice, getting to 

know new things, feeling needed, mood 

0.0% 
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A significant correlation between the weightings of the two categories and types 

of SMA could not be found, ‘Health and health-related’: H(2) = 5.62, p = 0.060, 

‘Social environment’: H(2) = 3.491, p = 0.175. Nevertheless, it should be noted 

that the correlation of the weighting of ‘Health and health-related’ and disease 

type was close to significance similar to the correlation of this categories’ 

weighting with physical function. For the correlations of depressiveness with the 

weightings of ‘Health and health-related’ and ‘Social environment’, please see 

3.1.1.3. While there was no significant correlation between the weight o f ‘Health 

and health-related’ and gQoL (measured with ACSA) at T1, τ = 0.18, 95% BCa 

CI [-0.298, 0.584], p = 0.347, there was a highly significant inverse correlation 

between gQoL and the weight of ‘Social environment’, τ = -0.55, 95% BCa CI [-

0.770, -0.287], p = 0.003. The observed effect size is equivalent to a Pearson’s 

r of -0.76, which denotes a large effect (see 2.2.). Thus, a high relevance of 

social aspects for iQoL was associated with a lower gQoL at baseline. None of 

the other categories showed any significant association with gQoL, except for 

the weighting of the category “Other”, which was positively correlated with gQoL 

at T1, τ = 0.46, 95% BCa CI [0.025, 0.792], p = 0.018. For T4 and T5 no 

significant associations were found at all. Since for analysis of satisfaction with 

certain aspects of life the sample sizes are too small, no correlations or 

comparisons within groups (e.g. between the sexes) were done here.  

 

3.1.1.3. ADI-12 

 

Cross-sectional analysis 

 

As already mentioned (see 2.2.), one of the 26 patients of cohort a had a 

previously diagnosed severe depressive pathology, thus producing an outlier for 

ADI-12 at T1. The outlier was identified when plotting data for ADI-12 (and ADI-

12(perc.)) in a box-plot. IBM SPSS Statistics labelled the case as an ‘extreme 

score’. This is also reflected in the scatter plot in Figure 8. Since the data for 

ADI-12 showed a non-normal distribution, a confirmation using z-scores could 

not be carried out. Nevertheless, since the classification of this patient as a very 

unusual case was in accordance with this patients’ clinical presentation 
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(diagnosed psychopathology), it was regarded justifiable to trim the data by 

exclusion of this patients’ data. The data was excluded for all measures 

assessed in this study but with special regards to measures of QoL since a 

manifest psychopathology was viewed as a confounder of considerable impact. 

However, since depressiveness is the target construct measured with ADI-12, 

this patient was included for a cross-sectional depiction of depressive symptoms 

in the cohort at T1 and for cross-sectional correlation with covariates (e.g. 

physical function, see Figure 8). 

 

For reasons explained in 2.3.1.3., for analysis only percentual values of ADI-12, 

denoted as ADI-12(perc.), were used. The median value of ADI-12(perc.) in the 

cohort at T1 lay at 35 (u.quart. = 43, l.quart. = 32, max. = 79, min. = 27). Among 

the 21 patients analysed, two (9.5%) showed mild depressive symptoms and 

two (9.5%) had severe depressive symptoms (19.0% in total).  There was no 

significant difference in depressiveness between healthy controls and patients 

at T1, U = 153.50, z = 0.220, p = 0.829, r = 0.04. For completeness, the situation 

in adult and paediatric patients shall also be described separately. None (0.0%) 

of the seven paediatric patients showed depressive symptoms, while four 

(28.6%; 2 (14.3%) mild and 2 (14.3%) severe) of the 14 adults exhibited 

depressive symptoms. Of the ten adult controls, 3 (33.3%) showed depressive 

symptoms (2 (20.0%)) mild and one (10.0%) severe). Of the seven paediatric 

patients, none showed depressive symptoms.  

 

No significant correlation between age and depressiveness (indicated with ADI-

12(perc.)) at T1 could be detected, τ = 0.20, 95% BCa CI [-0.012, 0.500], p = 

0.213. Furthermore, no significant difference in ADI-12(perc.) between male and 

female patients was found, U = 56.00, z = 0.525, p = 0.636, r = 0.12. Likewise, 

no significant difference between types of SMA, H(2) = 3.52, p = 0.172, or adult 

and paediatric patients presented itself, U = 69.50, z = 1.537, 

 p = 0.128, r = 0.34. In the cohort of healthy controls, the median value of ADI-

12(perc.) lay at 35 as well (u. quart. = 44.5, l. quart. = 31.0, max. = 61.0, min. = 

29.0).  
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In the cohort, severity of depressiveness showed a trend towards a correlation 

with physical function measured with ALSFRS at T1, τ = 0.27, 95% BCa CI [-

0.040, 0.624], p = 0.094 (see Figure 8). The observed effect size is equivalent 

to a Pearson’s r = 0.41, representing a medium effect. A similar trend existed for 

ALSFRS-R at T1, while there existed no detectable trend for HFMSE, τ = 0.21, 

95% BCa CI [-0.064, 0.488], p = 0.21. This indicates, that there was a trend of 

a higher level of depressiveness being associated with better physical function 

in this cohort.  Onset of disease was no significant predictor for depressiveness 

at T1 but a strong trend was detectable, τ = 0.33, 95% BCa CI [0.054, 0.593], p 

= 0.056. This represents a medium sized effect. 

 

Figure 8 ‖ Scatter plot of severity of depressiveness (ADI-12) and physical function 
(ALSFRS) at T1 ‖ n = 21, for characteristics of this cohort, see 2.3.1.3., table 5, first two rows; 
ADI-12= ALS Depression Inventory 12 Items; ALSFRS= ALS Functional Rating Scale ; n= 
number of individuals; SMA= spinal muscular atrophy; RKU= Rehabilitations- und 
Universitätskliniken Ulm ‖ the left vertical dotted line represents the cut-off for mild depressive 
symptoms, the right one for severe depressive symptoms ‖ the figure depicts the association 
of depressiveness (ADI-12), with physical function (ALSFRS) in patients with SMA under 
treatment with Nusinersen at RKU at start of therapy (T1; day1). High scores in ADI-12 
correspond to high levels of depressiveness and high scores in ALSFRS correspond to a high  
level of remaining motor function ‖ RKU; 2017-2019 

 



78 

 

 

Depressiveness (measured with ADI-12) at T1 correlated significantly and 

inversely with ACSA, τ = -0.40, 95% BCa CI [-0.668, -0.126], p = 0.024 (see 

Figure 9). The effect size is equivalent to a Pearson’s r = -0.59, indicating a 

large effect. Nevertheless, the level of significance was no longer reached, when 

adult and paediatric patients were analysed separately, with only trends 

remaining (paediatric: τ = -0.62, 95% BCa CI [-1.000, 0.202], p = 0.074; adult: τ 

= -0.36, 95% BCa CI [-0.682, -0.045], p = 0.093). 

 

Figure 9 ‖ Scatter plot of severity of depressiveness (ADI-12) and gQoL (ACSA) at T1 ‖ n 
= 21, for characteristics of this cohort, see 2.3.1.3., table 5, first two rows; ADI-12= ALS 
Depression Inventory 12 Items; gQoL= global Quality of Life; ACSA= Anamnestic Comparative 
Self-Assessment; n= number of individuals; SMA= spinal muscular atrophy; RKU= 
Rehabilitations- und Universitätskliniken Ulm ‖ the left vertical dotted line represents the cut-
off for mild depressive symptoms, the right one for severe depressive symptoms  ‖ the figure 
depicts the association of depressiveness (ADI-12) with gQoL (ACSA) in patients with SMA 
under treatment with Nusinersen at RKU at start of therapy (T1; day1). High scores in ADI -12 
correspond to high levels of depressiveness, with a minimum score of 25 and a maximum score 
of 100. In ACSA, value of -5 represents a gQoL equivalent to the worst gQoL ever experienced, 
while a value of 0 represents a neutral gQoL and a value of +5 a gQoL equivalent to the best 
gQoL ever experienced ‖ RKU; 2017-2019 
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Depressiveness was also analysed in relation to aspects of iQoL. However, 

neither a correlation of ADI-12(perc.) with the weighting of “Social environment”, 

τ = -0.06, 95% BCa CI [-0.475, 0.316], p = 0.730, nor with the weighting of 

“Health and health-related”, τ = -0.03, 95% BCa CI [-0.444, 0.403], p = 0.866 

could be found. This was also the case in the control group. 

No significant or close-to-significant correlation with any of the covariates could 

be detected. 

 

 

Longitudinal analysis 

 

Longitudinal analysis was carried out only for those 15 patients, who provided 

complete data for all three points of time and were not excluded for other 

reasons (see 2.3.1.3; cohort characterized in Table 5). 

As described above, in the cohort that provided data for T1, there were 

significant correlations of depressiveness with gQoL (measured with ACSA at 

T1, T4 and T5) and trends towards a correlation with physical function. Since 

the cohort included in the longitudinal analysis is considerably smaller, results 

for T1 for this smaller cohort were also included in Table 14 below.  

 

Table 14 demonstrates that in the smaller cohort of 15 patients, ADI-12(perc.) 

at T1 was no longer significantly correlated with ALSFRS. Nevertheless, over 

the following six months the relationship developed first into a trend (T4) and 

then into a significant positive correlation (T5). Correlation with ACSA also 

shrank into non-significance in the smaller cohort but regained significance at 

T4 and T5. Effect sizes at T1 and T5 were not compared, due to the non-

significant result for T1. For this reason, it is not possible to say, whether or 

not the quality of depressiveness as a predictor for gQoL differed between T1 

and T5. This is reflected in the large overlap of confidence intervals between 

T1 and T5. The same applies for physical function as a predictor for 

depressiveness. While the association of disease onset and depressiveness 

was not significant at T1, a significant association of a later disease onset with 
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higher levels of depressiveness could be found at T4 and T5 (T4: τ = 0.45, 

95% BCa CI [0.079, 0.766], p=0.028; T5: τ = 0.49, 95% BCa CI [-0.024, 0.825],  

p = 0.018). These are effects of large size, equalling Pearson’s r = 0.65 and  

r = 0.70 respectively. 

 

 Table 14‖ Longitudinal correlations of depressiveness (ADI-12) with onset, measures of 
physical function and gQoL (ACSA) ‖ n = 15;  ADI-12= ALS Depression Inventory 12 Items;  
gQoL= global Quality of Life; ACSA= Anamnestic Comparative Self -Assessment; BCa CI= bias 
corrected and accelerated bootstrap 95% confidence intervals; ALSFRS(-R)= ALS Functional 
Rating Scale (Revised); HFMSE =Hammersmith Functional Motor Scale Expanded; SMA= 
spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; n= number of 
individuals; p=probability (significance); τ = correlation coefficient tau; * = significant; ** = highly 

significant ‖ the table depicts the association of  depressiveness with disease onset, different 
measures of physical function (ALSFR, ALSFRS-R, HFMSE) and gQoL in patients with SMA 
under treatment with Nusinersen at RKU over the course of the study. T1 (day1), T4 (day 60) 
and T5 (day 182) represent the different points in time. Correlations were computed with 
Kendall’s τ ‖ RKU; 2017-2019 

 

 

Depressiveness, measured with ADI-12(perc.) did not change significantly over 

the six months covered by this study with median values of 35 for T1, T4 and 

T5, 𝜒2(2) = 1.51, p = 0.469. This finding is illustrated with boxplots in Figure 10. 

Non-significant Wilcoxon tests in the follow up confirmed this finding. Like at T1, 

the scores in ADI-12(perc.) of patients at T5 did not differ significantly from those 

of healthy controls, U = 67.50, z = -0.419, p = 0.683, r = 0.08. A separate analysis 

  onset ALSFRS ALSFRS-R HFMSE ACSA 

ADI-12 

(T1) 

τ 0.30 0.22 0.24 0.16 -0.28 

BCa 

CI 

[-0.178, 

0.728] 

[-0.300, 

0.707] 

[-0.301, 

0.713] 

[-0.269, 

0.616] 

[-0.612, 

0.019] 

p 0.139 0.272 0,231 0.423 0.194 

ADI-12 

(T4) 

τ 0.45 0.35 0.37 0.38 -0.53 

BCa 

CI 

[0.079, 

0.766] 

[-0.277, 

0.784] 

[-0.261, 

0.818] 

[-0.079, 

0.769] 

[-0.792,  

-0.149] 

p 0.028* 0.080 0.064 0.057 0.013* 

ADI-12 

(T5) 

τ 0.49 0.49 0.51 0.43 -0.54 

BCa 

CI 

[-0.024, 

0.825] 

[0.026, 

0.809] 

[0.037, 

0.830] 

[0.039, 

0.776] 

[-0.801, 

-0.178] 

p 0.018* 0.014* 0.010** 0.030* 0.011* 
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of paediatric and adult patients yielded similar results indicating no change in 

ADI-12 scores over time (paediatric: 𝜒2(2) = 0.50, p = 0.779; adult: 𝜒2(2) = 1.10, 

p = 0.576). 

 

 

Figure 10 ‖ Longitudinal development of depressiveness ‖ n = 15; ADI-12= ALS Depression 
Inventory 12 Items; T1 (day 1): median = 35; T4 (day 60): median = 35; T5 (day 182): median 
= 35; SMA= spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm ‖ the 
figure depicts the depressiveness (ADI-12) of patients with SMA under treatment with 
Nusinersen at RKU over the course of the study. Higher values of ADI-12 correspond to a higher 
level of depressiveness, with a minimum score of 25 and a maximum score of 100‖ RKU; 2017-
2019 
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3.1.2. Health-related Quality of Life 

3.1.2.1. SF-36 

 

Cross-sectional analysis 

Cross-sectional analysis was carried out for the cohort characterized in 2.3.2.1. 

Table 6. Only those eleven patients for whom complete data of all three dates 

could be obtained were considered.  

 

The median scores for the eight dimensions at T1, as well as the single item 

measure of “perceived health transition” (HT), are shown in Table 15. The 

column on the far right shows the median scores of the control group.  

 

Table 15 ‖ Median scores in SF-36 at T1 ‖ npatients = 11; ncontrols= 9; SF-36= Short Form 36 
Health Survey; u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; 
min. = minimum; max.= maximum; PF = physical function; RP = role-limitations due to physical 
health; BP = bodily pain; GH = general health; VT = vitality; SF = social functioning; RE = role-
limitations due to emotional status; MH = mental health; HT = health transition; HRQoL= health-
related quality of life; SMA= spinal muscular atrophy; RKU= Rehabilitations- und 
Universitätskliniken Ulm; n= number of individuals; M-W test= Mann-Whitney test;  *= significant 
difference between patients and controls; **= highly significant difference between patients and 
controls‖ the table depicts the median scores of the different dimensions of SF-36 (a measure 
of HRQoL), of patients with SMA at the start of treatment (T1; day 1) with Nusinersen at RKU 
as well as matched controls. Higher scores correspond to higher levels of quality of life in 
context of these aspects. Median scores of patients and controls were compared with the M-W 
test and marked with stars (*) in case of a significant difference‖ RKU; 2017-2019 
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PF 5 65 0 60 90 0 100* 

RP 100 100 50 50 100 0 100 

BP 84 100 74 26 100 62 84 

GH 47 62 35 27 67 17 87** 

VT 60 70 50 20 100 30 60 

SF 100 100 88 12 100 75 100 

RE 100 100 67 33 96 0 100 

MH 72 88 68 20 100 68 76 

HT 25 50 25 25 100 25 25 
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As can be seen in Table 15 above, median scores in SF36 at T1 in cohort a did 

only differ significantly from those in the control group in two dimensions. Scores 

for “physical function, U = 80.00, z = 2.390, p = 0.020, r = 0.53 and perceived 

“general health”, U = 91.00, z = 3.156, p = 0.001, r = 0.71 were significantly 

lower in patients with SMA compared to the control group. Both effects were of 

a large size. For all other dimensions, including “role-limitations due to physical 

health” and “social functioning” no significant difference to healthy controls could 

be detected.  

 

Since the analysed cohort contained only two women, a comparison of the sexes 

was refrained from. Correlations with age revealed a significant correlation with 

“social functioning” τ = 0.58, 95% BCa CI [0.233, 0.853], p = 0.027, while none 

of the other dimensions showed any correlation with age. The observed effect 

size is equivalent to a Pearson’s r of 0.79, which denotes a large effect. This 

effect could not be found in the control group,  τ = -0.13, 95% BCa CI [-0.745, 

0.693], p = 0.664. As seems plausible, there was a highly significant correlation 

of “physical function” with ALSRFS, τ = 0.87, 95% BCa CI [0.666, 0.974], p 

=0.001. This effect size equals a Pearson’s r of 0.97, denoting a large effect. 

Significant correlations were also found for ALSFRS-R and HFMSE. Like for all 

further dimensions, “general health” exhibited no correlation with ALSFRS, τ = -

0.02, 95% BCa CI [-0.565, 0.565], p = 0,937 or other measures of physical 

function. Furthermore, for none of the dimensions a correlation with gQOL 

(measured with ACSA at T1) could be detected. ADI-12(perc.) at T1 showed a 

highly significant inverse correlation with “general health” τ = -0.74, 95% BCa CI 

[-0.964, -0.481], p = 0.002. The effect is equivalent to a Pearson’s r of -0.92, 

denoting a large effect. This means that the degree of depressiveness and the 

perception of general health were inversely correlated in this cohort. This applied 

also for the cohort of healthy controls, τ = -0.65, 95% BCa CI [-0.935, -0.291], p 

= 0.019. The effect sizes did not differ significantly between the groups. All other 

dimensions, including „mental health”, τ = -0.14, 95% BCa CI [-0.628, 0.367], p 

= 0.573 did not show any significant correlation with depressiveness in the 

cohort. However, comparison with the control group revealed a significant 
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correlation between “mental health” and depressiveness in healthy controls, τ = 

-0.71, 95% BCa CI [-0.934, -0.446], p = 0.012.  

 

Since the dimension “general health” contained questions that were of special 
interest to this study, these two questions were also analysed separately. These 
were: 1) “In general, would you say your health is: excellent/ very good/ good/ 
fair/ poor?” 2) “I expect my health to get worse: definitely true/ mostly true/ don’t 
know/ mostly false/ definitely false”.  

 
 

Figure 11 ‖ Distribution of answers for the rating of health in patients and controls ‖  
npatients = 11; ncontrols = 9 ‖ SF-36= Short Form 36 Health Survey; HRQoL= health-related quality 
of life; n= number of individuals; SMA= spinal muscular atrophy; RKU= Rehabilitations- und 
Universitätskliniken Ulm‖ the figure shows the distribution of answers to the abovementioned 
question in SF-36 by SMA patients under treatment with Nusinersen at RKU at start of therapy 
(T1; day1) and healthy controls ‖ RKU; 2017-2019 
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Figure 12 ‖ Distribution of answers for the expectation of a deterioration of health in 
patients and controls ‖ npatients = 11; ncontrols = 9 ‖ SF-36= Short Form 36 Health Survey; 
HRQoL= health-related quality of life; n= number of individuals; SMA= spinal muscular atrophy; 
RKU= Rehabilitations- und Universitätskliniken Ulm‖ the figure shows the distribution of 
answers to the abovementioned question in SF-36 by SMA patients under treatment with 
Nusinersen at RKU at start of therapy (T1; day1) and healthy controls ‖ RKU; 2017-2019 

 

Figures 11/12 show the distribution of answers in cohort a and the control group 

for these questions. 

 

As illustrated above, the median answer of patients to question 1- asking how 

they would rate their health in general- was “good”. The distribution of answers 

in patients (median answer= good) differed significantly from the one in the 

control group (median answer= very good) with SMA patients rating their health 

worse than healthy controls, U = 19.50, z =-2.51, p = 0.020, r = -0.56. In patients, 

the rating of health in general correlated positively with gQoL (measured with 
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ACSA at T1), τ = 0.64, 95% BCa CI [0.213, 0.915], p = 0.023. Equalling a 

Pearson’s r= 0.84 this indicates a large effect. This was not the case in the 

control group, τ = 0.35, 95% BCa CI [-0.497, 0.898], p = 0.235 (equivalent to 

Pearson’s r=0.52). In contrast to the dimension “general health”, the rating of 

health exhibited no significant correlation with the severity of depressive 

symptoms at T1 (measured with ADI-12(perc.)), τ = -0.41, 95% BCa CI [-0.826, 

0.181], p = 0.117. Like for “general health” the rating of health was not 

significantly correlated with the ALSFRS, τ = 0.10, 95% BCa CI [-0.479, 0.625], 

p = 0.713. This was also true for ALSFRS-R and HFMSE. This means that no 

connection between the appraisal of individual health and physical function 

could be found. 

 

As depicted in Figure 12, the median answer of patients with SMA to question 

2- asking if they expect their health to deteriorate- was “mostly true”. The 

distribution of answers in cohort a (median answer= mostly true) was 

significantly different from the one in the control group (median answer= don’t 

know), U = 78.50, z = 2.31, p = 0.025, r = 0.52 .In patients, the extent to which 

a deterioration in health was anticipated was not correlated with ALSFRS (or 

ALSFRS-R or HFMSE), τ =0.84, 95% BCa CI [-0.657, 0.836], p = 0.742, ADI-

12(perc.),τ = 0.38, 95% BCa CI [-0.233, 0.879], p = 0.137, or ACSA, τ = -0.10, 

95% BCa CI [-0.675, 0.550], p = 0.723. 

 

Longitudinal analysis 

 

Longitudinal analysis was carried out for the cohort characterized in 2.3.2.1. 

Table 6. Only those eleven patients for whom complete data of all three dates 

could be obtained were considered.  

 

The median scores for the eight dimensions, as well as the single item measure 

of “perceived health transition” (HT) for all three dates of the study are shown in 

Table 16. The column on the far right shows the median scores of the control 

group. The column “F-ANOVA” shows if the scores for each dimension have 

changed significantly over time.  
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As shown in Table 16, the score for “role-limitations due to physical health” 

changed significantly over time, 𝜒2(2) = 6.75, p=0.034. However, follow-ups of 

this result made clear that scores did neither change significantly between T1 

(median = 100.00) and T4 (median = 75.00), T = 5.00, p = 0.234, r = -0.25, nor 

between T1 and T5 (median = 100.00), T = 1.50, p = 0.197, r = 0.28. The only 

significant shift occurred from T4 to T5 with a large effect, T = 28.00, p = 0.014, 

r = 0.52. Nevertheless, the scores in the cohort did never differ significantly from 

those in the control group (T1: p = 0.710; T4: p = 0.230; T5: p = 1.000).  

 

Table 16 ‖ Median scores in SF-36 at T1, T4 and T5 ‖ n = 11; PF = physical function; RP = 
role-limitations due to physical health; BP = bodily pain; GH = general health; VT = vitality;  SF 
= social functioning; RE = role-limitations due to emotional status; MH = mental health;  HT = 
health transition; F-ANOVA = Friedman’s ANOVA; SF-36= Short Form 36 Health Survey; 
HRQoL= health-related quality of life; SMA= spinal muscular atrophy; RKU= Rehabilitations- 
und Universitätskliniken Ulm; n= number of individals; p= probability (significance);  n.s. = not 
significant; * = significant; **=highly significant‖ the table depicts the median scores of the 
different dimensions of SF-36 (a measure of HRQoL). Assessed were patients with SMA over 
the course of treatment (T1: day 1, T4: day 60, T5: day 182) with Nusinersen at RKU. Higher 
scores correspond to higher levels of quality of life in context of these aspects . The right column 
quantifies the change of scores over time, using F-ANOVA‖ RKU; 2017-2019  

dimension 

median 

F-ANOVA 

T1 T4 T5 

PF 5 5 15 p = 0.717 (n.s.) 

RP 100 75 100 p = 0.034* 

BP 84 84 100 p = 0.368 (n.s.) 

GH 47 62 62 p = 0.021* 

VT 60 70 65 p = 0.819 (n.s.) 

SF 100 100 100 p = 0.705 (n.s.) 

RE 100 100 100 p = 0.146 (n.s.) 

MH 72 76 80 p = 0.395 (n.s.) 

HT 25 75 75 p = 0.002** 

 

The score for “general health” changed significantly over the six months of this 

study, 𝜒2(2) = 7.80, p = 0.021. Following up this result with Wilcoxon tests 

showed that there was a significant increase in the score between T1 (median 

= 47.00) and T4 (median = 62.00), T = 53.00, p = 0.009, r = 0.56. This indicates 
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a large effect. In contrast, no significant change could be found between T4 

(median = 62.00) and T5 (median = 62.00), T = 23.50, p = 0.395, r = -0.18. 

Despite the described increase, scores for “general health” in the cohort stayed 

significantly below those of the healthy control group, U = 91.00, z = 3.156, p = 

0.025, r = 0.67. 

 

Also, the scores of the single item measure of perceived “health transition” 

compared to the last year changed significantly, 𝜒2(2) = 12.18, p = 0.002. The 

follow up indicated a significant increase between T1 (median = 25.00) and T4 

(median = 75.00) with a large effect, T = 36.00, p = 0.009, r = 0.55. However, no 

significant change could be detected in the four months between T4 (median = 

75.00) and T5 (median = 75.00), T = 11.00, p = 0.336, r = 0.21. While at T1 

scores did not differ significantly from those in the control group,  

U = 47.00, z = -0.211, p = 0.882, r = 0.05, at T4 and T5 scores among patients 

were significantly higher than those in healthy controls (T4: U = 15.00,  

z = -2.770, p = 0.007, r = -0.62; T5: U = 6.50, z = -3.470, p = 0.000, r = -0.78). 

This means that patients viewed the development of their health over the past 

year more positively than healthy controls. 

Friedman’s ANOVA (F-ANOVA) was also carried out for the two single questions 

already analysed cross-sectionally above (1) “In general, would you say your 

health is: excellent/ very good/ good/ fair/ poor?” 2) “I expect my health to get 

worse: definitely true/ mostly true/ don’t know/ mostly false/ definitely false”). 

Analysis revealed that the rating of patients’ health changed over the six months 

covered by this study, 𝜒2(2) = 9.33, p = 0.009. This highly significant finding was 

followed up with Wilcoxon tests, which showed that there could be found no 

significant increase in perceived health in the two months between T1 (median 

answer = good) and T4 (median answer = good), T = 0.00, p = 0.180, r = -0.29. 

Only when looking at the full six months between T1 and T5 (median answer = 

good), a significant effect could be found, T = 0.00, p = 0.020, r = 0.50. This 

represents a large effect. As opposed to T1, the perceived health of patients at 

T5 did no longer significantly differ from that of healthy controls, U = 35.00, z = 

-1.258, p = 0.295, r = 0.07. The association of the general rating of health with 

gQoL weakened over the course of this study (T1: τ = 0.64, 95% BCa CI [0.213, 
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0.915], p = 0.023; T4:   τ = 0.60, 95% BCa CI [0.425, 0.841], p = 0.030; T5: τ = 

0.55, 95% BCa CI [0.353, 0.714], p = 0.042). 

For the question if patients expected their health to deteriorate, Friedman’s 

ANOVA could also show a significant change, 𝜒2(2) = 7.00, p = 0.030. The 

median answer changed from “mostly true” at T1 over “mostly false” at T4 to 

“don’t know” at T5. Follow-up with Wilcoxon test indicated that only the shift from 

T1 to T4 was significant, T = 41.5, p = 0.020, r = 0.50 with a medium to large 

effect. A significant correlation with gQoL could be detected at no point of this 

study. Like at T1, the distribution of answers did not differ from that in healthy 

subjects at T4 and T5 (T4: U = 57.00, z = 0.593, p = 0.603, r = 0.13; T5: U = 

63.50, z = 1.114, p = 0.295, r = 0.25).  

3.1.2.2. PedsQL 

 

Cross-sectional analysis 

 

Cross-sectional analysis was carried out for the cohort characterized in 2.3.2.2. 

Table 7. Only those eight patients for whom complete data of all three dates 

could be obtained were considered. 

 

The median scores for the four dimensions and three summary scores at T1, are 

shown in Table 17. The column on the far right shows the median scores of the 

control group.  

 

As can be derived from Table 17 below, median scores in PedsQL at T1 in the 

differed significantly from those in the control group in one dimension and two 

summary scores. However, it has to be stated that “physical functioning” and 

“Physical Health Summary Score” are identical. For this reason, only the results 

for “physical functioning” and the total score will be elaborated on. Scores for 

“physical functioning” were significantly lower in children with SMA compared to 

the control group, U = 64.00, z = 3.373, p < 0.001, r = 0.84. Although not always 

significant, children with SMA scored lower in most of the dimensions leading to 

lower summary scores and a significantly lower total score, U = 64.00, z = 3.361, 
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p < 0.001, r = 0.84. This indicates a reduced HRQoL in children with SMA 

compared to healthy children.  

 

Table 17 ‖ Median scores in PedsQL at T1 ‖ npatients = 8; ncontrols = 8; PedsQL= Paediatric 
Quality of Life Inventory; u.quart. = upper quartile; l.quart. = lower quartile; interqu. = 
interquartile range; max.= maximum; min.= minimum; PF = physical functioning; EF =emotional 
functioning; SF = social functioning; ScF = school functioning; PhyHSS = Physical Health 
Summary Score; PsyHSS = Psychosocial Health Summary Score; total = total score; HRQoL= 
health-related quality of life; SMA= spinal muscular atrophy; RKU= Rehabilitations- und 
Universitätskliniken Ulm; n= number of individuals; *= significant difference between patients 
and controls; **= highly significant difference between patients and controls‖ the table depicts 
the median scores of the different dimensions of PedsQL (a measure of paediatric HRQoL), of 
paediatric patients with SMA at the start of treatment (T1; day 1) with Nusinersen at RKU as 
well as matched controls. Higher scores correspond to higher levels of quality of life in context 
of these aspects. Median scores of patients and controls were compared with the M-W test and 
marked with stars (*) in case of a significant difference  ‖ RKU; 2017-2019 
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PF 23.5 30.5 17.2 13.3 31.0 6.0 94.0** 

EF 72.5 80.0 61.3 18.8 80.0 60.0 67.0 

SF 77.5 88.8 66.3 22.5 92.0 40.0 90.0 

ScF 75.0 83.8 66.3 17.5 85.0 60.0 82.5 

PhyHSS 23.5 30.5 17.2 13.3 31.0 6.0 94.0** 

PsyHSS 76.7 79.7 67.1 12.6 63.0 57.0 77.5 

total 63.0 67.0 56.2 10.8 69.0 44.0 80.4** 

 

Due to the very small sample size, comparisons between the sexes were not 

carried out. None of the dimensions showed any significant correlation with age. 

Like all the other dimensions, “emotional functioning” did not detectably 

correlate with gQoL (measured with ACSA at T1), τ = -0.04, 95% BCa CI [-0.762, 

0.816], p = 0.892. Since three paediatric patients did not provide results for the 

ADI-12 at T1 (see 2.3.1.3.) correlations with depressiveness were refrained 

from. Furthermore, there could be found no significant correlation between 

physical function measured with ALSFRS and “physical functioning”, as was the 

case with all other dimensions, τ = 0.26, 95% BCa CI [-0.311, 0.784], p = 0.383. 

This was true for ALSFRS-R and HFMSE as well.  

 



91 

Longitudinal analysis 

 

Cross-sectional analysis was carried out for the cohort characterized in 2.3.2.2. 

Table 7. Only those eight patients for whom complete data of all three dates 

could be obtained were considered. 

 

The median scores for the four dimensions and three summary scores at T1, T4 

and T5 are shown in Table 18.  

 

Table 18 ‖ Median scores in PedsQL at T1, T4 and T5 ‖ n = 8; PedsQL= Paediatric Quality 
of Life Inventory; u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile range; 
PF = physical functioning; EF = emotional functioning; SF = social functioning; ScF = school 
functioning; PhyHSS = Physical Health Summary Score; PsyHSS = Psychosocial Health 
Summary Score; total = total score; F-ANOVA = Friedman’s ANOVA; HRQoL= health-related 
quality of life; SMA= spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken 
Ulm; n= number of individals; p= probability (significance);   n.s. = not significant; * = significant; 
**=highly significant‖ the table depicts the median scores of the different dimensions of PedsQL 
(a measure of paediatric HRQoL). Assessed were paediatric patients with SMA over the course 
of treatment (T1: day 1, T4: day 60, T5: day 182) with Nusinersen at RKU. Higher scores 
correspond to higher levels of quality of life in context of these aspects. The right column 
quantifies the change of scores over time, using F-ANOVA‖ RKU; 2017-2019  

dimension 

median 

F-ANOVA 

T1 T4 T5 

PF 23.5 18.8 22.0 p = 0.902 (n.s.) 

EF 72.5 72.5 80.0 p = 0.508 (n.s.) 

SF 77.5 77.5 80.0 p = 0.519 (n.s.) 

ScF 75.0 72.5 80.0 p = 0.497 (n.s.) 

PhyHSS 23.5 18.8 22.0 p = 0.902 (n.s.) 

PsyHSS 76.7 74.4 80.0 p = 0.206 (n.s.) 

total 63.0 62.2 63.6 p = 0.417 (n.s.) 

 

As can be seen in Table 18 above, no dimension of PedsQL experienced a 

significant change of median scores over the six months of this study. Due to 

the lack in significance, no follow-up with Wilcoxon tests was performed and no 

effect sizes were computed. For the same reasons, comparisons with the control 

group were not repeated at T4 or T5. 
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3.2. Cognition 

 

3.2.1. General Cognition 

 

3.2.1.1. ECAS 

 

Adult patients 

 

Analysis for adult patients was carried out for the cohort characterized in 2.4.1.1. 

Table 8. Table 19 below reports the median scores in the different domains of 

ECAS in adult patients. The column on the far right shows the median scores of 

the control group along with the p-values of the Mann-Whitney-Test between 

patients and controls. Since all of the domains of ECAS produced non-normal 

distributions, medians instead of means are reported. Only the ECAS total score 

exhibited a significant correlation with age, ρ = 0.47, 95% BCa CI [0.197, 0.671], 

p = 0.010, while for “executive function” only a trend existed, ρ = 0.32, 95% BCa 

CI [-0.014, 0.585], p = 0.088. For all the other domains, no association was 

found. None of the domains showed a significant correlation with education. 

Comparison between SMA types could neither show significant differences 

between type II (median = 40.50) and type III (median = 38.00), U = 66.50, z = 

-1.654, p = 0.101, r = 0.31 for “executive function” nor for any other domain of 

ECAS. Also, there could be found no difference between the sexes for any of 

the domains. 
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Table 19 ‖ Median scores in ECAS in adult patients ‖ npatients = 29; ncontrols= 19; ECAS= 
Edinburgh Cognitive and Behavioural ALS Screen; u.quart. = upper quartile; l.quart. = lower 
quartile; interqu. = interquartile range; max.= maximum; min.= minimum; ME = memory; VS = 
visuospatial abilities; LA = language; VF = verbal fluency; EF = executive function; total = total 
score; n= number of individals; p= probability (significance); M-W test= Mann-Whitney test; 
SMA= spinal muscular atrophy;  RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= 
Medizinische Hochschule Hannover ‖ the table depicts the median scores of the different 
dimensions of ECAS (as an estimate of the ability in different cognitive domains), of patients 
with SMA at T2 (day 15) of the study at RKU and MHH, as well as matched controls. Higher 
scores correspond to higher cognitive abilities in context of these domains. The right column 
shows the median scores of controls and quantifies the difference to patients  using the M-W 
test ‖ RKU and MHH; 2017-2019 

 

 

Physical function correlated significantly and inversely with the ECAS total score 

and “executive function” in cohort a and b, where physical function was 

evaluated. Correlations of physical function and “executive function” could be 

found for ALSFRS-R, as well as for HFMSE, τ = -0.36, 95% BCa CI [-0.627, -

0.055], p = 0.018 (for ALSFRS, no correlation was computed, since it was not 

evaluated in cohort b). This significant effect is illustrated with a scatter plot in 

Figure 13.   

 

In cohort a, performance in “executive function” in ECAS had no association with 

age of onset, τ = -0.14, 95% BCa CI [-0.416, 0.155], p = 0.358, or with education, 

τ = 0.24, 95% BCa CI [-0.165, 0.592], p = 0.107. However, for age, there was a 

trend towards a positive correlation, τ = 0.24, 95% BCa CI [-0.042, 0.519], p = 

0.099. 
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ME 19.00 20.00 17.00 3.00 24.00 2.00 17.50 0.531 

VS 12.00 12.00 11.50 0.50 12.00 10.00 12.00 0.654 

LA 27.00 28.00 27.00 1.00 28.00 24.00 28.00 0.536 

VF 20.00 20.00 19.00 1.00 24.00 8.00 20.00 0.297 

EF 40.00 41.50 37.00 4.50 44.00 27.00 39.00 0.561 

total 116.00 121.00 111.00 10.00 125.00 75.00 115.00 0.752 
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As can be deduced from the p-values in Table 19 above, patients and controls 

did not differ in any of the domains of ECAS.  

  

Figure 13 ‖ Scatter plot of the correlation between the score in HFMSE (physical function) 
and the score in the ECAS domain “executive function” (EF) in cohort a ‖ n = 25; HFMSE= 
Hammersmith Functional Motor Scale Expanded; ECAS= Edinburgh Cognitive and Behavioural 
ALS Screen; EF= executive function;  note that there are only 21 dots due to overlapping data 
points; SMA= spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; 
MHH= Medizinische Hochschule Hannover ‖ the scatter plot illustrates the correlation of the 
EF-score in ECAS (as an estimate of executive functions) with the HFMSE score (as an 
estimate of motor function). Assessed were patients with SMA at T2 (day 15) of the study at 
RKU and MHH. Higher scores correspond to a higher level of executive functions (EF) and to 
better physical functions (HFMSE) ‖ modified after [151], first published in Orphanet Journal of 
Rare Diseases under the license CC BY 4.0 http://creativecommons.org/licenses/by/4.0/‖ RKU 
and MHH; 2017-2019 

 

For correlations of ECAS with WST and RME, see 3.2.1.2. and 3.2.2.1. 

respectively. 

 

Paediatric patients 

 

Analysis for paediatric patients was carried out for the cohort characterized in 

2.4.1.1. Table 8. As can be deduced from Table 20 and as was already the case 

in the cohort of adult patients, no significant differences between patients and 

controls could be detected in any of the domains of ECAS. In contrast to the 
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situation in adult patients, no correlation of the performance in “executive 

function” with physical function (HFMSE: τ = 0.18, 95% BCa CI [-0.721, 1.000], 

p = 0.533), nor with age, disease onset, or years of education could be detected 

in paediatric patients (age: τ = 0.00, 95% BCa CI [-0.899, 1.000], p = 1.000; 

onset: τ =0.31, 95% BCa CI [-0.626, 0.943], p = 0.288; education: τ = 0.09, 95% 

BCa CI [-0.807, 0.863], p = 0.750). 

 

Table 20 ‖ Median scores in ECAS in paediatric patients ‖ npatients = 9; ncontrols = 9; ECAS= 
Edinburgh Cognitive and Behavioural ALS Screen; u.quart. = upper quartile; l.quart. = lower 
quartile; interqu. = interquartile range; max. = maximum; min.  = minimum; ME = memory; VS 
= visuospatial abilities; LA = language; VF = verbal fluency; EF = executive function; total = 
total score; SMA= spinal muscular atrophy; n= number of individals; p= probability 
(significance); M-W test= Mann-Whitney test; SMA= spinal muscular atrophy;  RKU= 
Rehabilitations- und Universitätskliniken Ulm; MHH= Medizinische Hochschule Hannover ‖ the 
table depicts the median scores of the different dimensions of ECAS (as an estimate of the 
ability in different cognitive domains), of paediatric patients with SMA at T2 (day 15) of the study 
at RKU and MHH, as well as matched controls. Higher scores correspond to higher cognitive 
abilities in context of these domains. The right column shows the median scores of controls and 
quantifies the difference to patients using the M-W test ‖ RKU and MHH; 2017-2019 

 

3.2.1.2. WST 

 

Adult patients 

 

Analysis for adult patients was carried out for the cohort characterized in 2.4.1.2. 

Table 9. When looking at the group of patients alone, WST-z, age and years of 

education were all normally distributed, which allowed parametric analysis. 

Analysis showed that WST-z correlated significantly with age with a medium 
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ME 16.00 21.00 14.50 5.50 23.00 13.00 18.00 0.769 

VS 12.00 12.00 11.00 1.00 12.00 10.00 12.00 0.730 

LA 26.00 27.50 25.00 2.50 28.00 22.00 26.00 0.666 

VF 18.00 19.50 11.00 8.50 20.00 6.00 20.00 0.161 

EF 39.00 41.50 34.50 7.00 44.00 31.00 43.00 0.113 

total 108.00 116.50 101.00 15.50 120.00 94.00 118.00 0.190 
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sized effect, r = 0.43, 95% BCa CI [0.120, 0.707], p = 0.014, and highly 

significant with the years of education with a large effect, r = 0.64, 95% BCa CI 

[0.409, 0.843], p < 0.001. Mean WST-z-scores differed between the sexes in the 

cohort of patients with SMA with men scoring better than women. The difference 

of 0.572, BCa 95% CI [0.121, 1.024] was significant, t(25.04) = 2.608, p = 0.015, 

d = 0.46. Using a point-biserial correlation produced an rpb = 0.42, indicating that 

sex and performance in the WST shared about 18% of their variance. This 

represents a small to medium sized effect. This effect could not be found in the 

control group where the difference of 0.121, BCa 95% CI [-0.453, 0.695] was not 

significant, t(17.835) = 0.443, p = 0.663, d = 0.10. The difference regarding years 

of education between men and women of 1.35 years, BCa 95% CI [-1.708, 

4.408] was non-significant, t(23.975) = 0.911, p = 0.371, d= 0.18. Again, this is 

an effect with a size below the critical threshold for a small effect. 

 

A linear model for performance in WST and its predictors was fitted. Since sex 

was dichotomous and nominal, only age and years of education could be 

included in the model. Therefore, it could not be determined how much of the 

effect of sex on performance in WST is accounted for by different levels of 

education between the sexes. The linear model is summarised in Table 21 

below. Regression revealed that age and years of education together accounted 

for 44.1% of the variance in WST-z, while education itself accounted for 41.3%. 

Age alone accounted for only 2.8% of the variance in the performance in WST. 

Consequently, age as a predictor did not significantly improve the linear model, 

p=0.303.  

 

WST-z-scores did not differ between SMA types II (mean = 0.087; SD 0.581) 

and III (mean = 0.359; SD 0.749). In the cohort of patients with SMA, 

performance in WST correlated significantly with two domains of ECAS. These 

were “language”, ρ= 0.49, 95% BCa CI [0.187, 0.711], p = 0.007 and “executive 

function” ρ = 0.44, 95% BCa CI [0.087, 0.729], p = 0.015. The effect sizes are 

equivalent to Pearson’s rs of about the same size. No correlations with disease 

onset or physical function could be detected. 
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Table 21 ‖ Linear model for performance in WST and the predictors age (years) and 
education (years) ‖ n = 31; WST= Wortschatztest; BCa CI= bias corrected and accelerated 
bootstrap confidence interval; b = regression coefficient b; SE b = standard error of b; ꞵ = 
standardized regression coefficient; SMA= spinal muscular atrophy; RKU= Rehabilitations- und 
Universitätskliniken Ulm; MHH= Medizinische Hochschule Hannover; n= number of individuals; 
p= probability (significance); * = significant; ** = highly significant ‖ multicollinearity has been 
checked; in case of possible lack of homoscedasticity, bootstrapping was perfo rmed for bias-
corrected and accelerated 95% confidence intervals;  the table establishes a linear model of 
performance in WST, age and years of education in patients with SMA at T2 (day 15) of the 
study at RKU and MHH. This was done to quantify the impact of these predictors on variance 
in WST scores (as an estimate of verbal intelligence). Only years of education had a significant 
influence in the linear model ‖ RKU and MHH; 2017-2019 

 b SE b ꞵ p 

step 1  

constant -1.497 
0.380  0.004** 

BCa CI [-2.374, -0.857] 

education 0.105 
0.023 0.643 0.001** 

BCa CI [0.052, 0.193] 

step 2  

constant -1.638 
0.395  0.001** 

BCa CI [-2.383, -1.149] 

education 0.092 
0.025 0.562 0.026* 

BCa CI [0.035, 0.186] 

age 0.010 
0.008 0.186 0.303 

BCa CI [-0.008, 0.025] 

 

 

Figure 14 graphically shows the distribution of WST-z-scores for the control 

group and patients. Since WST-z-scores were non-normally distributed in the 

control group, medians instead of means were compared. The median scores of 

WST-z did not significantly differ between patients (median = 0.180) and controls 

(median = 0.450), U = 383.50, z = 1.200, p = 0.230, r = 0.17. This represents an 

effect of small size. 

 

Both patients and controls exhibited median WST-z scores above 0. Converted 

to IQ values, these equate median IQs of 102.50 and 107.00 for patients and 

controls respectively. 
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Figure 14 ‖ Performance in WST in patients and controls ‖ npatients  = 31; ncontrols = 19; n= 
number of individuals; WST= Wortschatztest; SMA= spinal muscular atrophy; RKU= 
Rehabilitations- und Universitätskliniken Ulm; MHH= Medizinische Hochschule Hannover ‖ 
patients (light green, left): median = 0.18; controls (dark green): median = 0.45; the figure 
illustrates the of performance in WST (in z-scores), as an estimate of verbal intelligence, in 
adult patients with SMA at T2 (day 15) of the study at RKU and MHH and in controls ‖ RKU and 
MHH; 2017-2019 

 

 

Paediatric patients 

 

Analysis for paediatric patients was carried out for the cohort characterized in 

2.4.1.2. Table 9. This study could not find any significant differences between 

paediatric patients and paediatric controls concerning performance in WST, as 
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can be seen in Table 22 below. Nevertheless, it shall be stated clearly that the 

z-scores are only valid in adult patients, for whom WST was validated. 

Therefore, all correlations were carried out for the WST raw scores. In paediatric 

patients, performance in WST did not correlate significantly with age, disease 

onset, years of education, or physical function (age: τ = 0.23, 95% BCa CI [-

0.352, 0.751], p = 0.369; onset: τ = 0.13, 95% BCa CI [-0.438, 0.645], p = 0.653; 

education: τ = 0.35, 95% BCa CI [-0.479, 0.846], p = 0.172; ALSFRS: τ = 0.27, 

95% BCa CI [-0.453, 0.839], p = 0.281; similar for ALSFRS-R and HFMSE). In 

contrast to the situation in adult patients, no significant difference could be found 

between the sexes, U = 4.50, z = -1.604, p = 0.114, 

r = -0.51. 

 

 Table 22 ‖ Median WSTz and WST raw scores for paediatric patients‖ npatients = 10; ncontrols= 
10; n= number of individuals; WST= Wortschatztest; u.quart. = upper quartile; l.quart. = lower 
quartile; interqu. interquartile range; max. = maximum; min. = minimum; M-W test= Mann-
Whitnes test; p= probability (significance); SMA= spinal muscular atrophy; RKU= 
Rehabilitations- und Universitätskliniken Ulm ‖ the table depicts the median scores of the WSTz 
scores and raw WST scores (as an estimate of verbal intelligence),  of paediatric patients with 
SMA at T2 (day 15) of the study at RKU, as well as matched controls. Higher scores correspond 
to higher cognitive abilites in context of this domain. The right column shows the median scores 
of controls and quantifies the difference to patients using the M-W test ‖ RKU; 2017-2019 
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WSTz -0.980 -0.513 -2.008 1.495 -0.320 -2.680 -0.590 0.190 

WST raw 20.50 26.25 5.50 20.75 28.00 1.00 25.50 0.190 
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3.2.2. Empathy 

3.2.2.1. RMET 

 

Adult patients 

 

Analysis for adult patients was carried out for the cohort characterized in 2.4.2.1. 

Table 10. Looking exclusively at the group of patients, scores in RMET, age and 

years of education were all normally distributed. This allowed for parametric 

analysis. 

In patients the mean score in RMET lay at 16.84 (SD 2.478). Analysis could 

detect no significant correlation with age, r = - 0.08, 95% BCa CI [-0.522, 0.454], 

p = 0.661 or with education, r = -0.26, 95% BCa CI [-0.608, 0.159], p = 0.160. 

Further, there could be found no significant difference between the sexes, 

t(22.886) = 0.189, p = 0.852, d = 0.07. Performance in RMET did not differ 

significantly between SMA types II (mean = 17.63; SD 1.962) and III (mean = 

16.00; SD 2.752). However, the difference of 1.625, BCa 95% CI [-0.152, 3.402] 

showed a trend with t(25.187) = 1.882, p = 0.071, d = 0.68, (see Figure 15). 

This effect is of medium size according to Cohen. In patients, performance in 

RMET correlated significantly with only one domain of ECAS. This was 

“executive function”, τ = 0.30, 95% BCa CI [0.007, 0.529], p = 0.034. The effect 

size equals a Pearson’s r = 0.45 and therefore indicates an effect of medium 

size. In those 27 patients (cohorts a and b) for whom these parameters were 

evaluated, performance in RMET was not significantly correlated with disease 

onset, τ = -0.24, 95% BCa CI [-0.462, 0.006], p = 0.106, but close to a trend. 

For the association of performance in RMET and physical function (ALSFRS-R), 

τ = -0.25, 95% BCa CI [-0.532, 0.067], p = 0.079, a trend could be found. This 

applied for HFMSE as well, τ = -0.25, 95% BCa CI [-0.551, 0.062], p = 0.091 (for 

ALSFRS, no correlation was computed, since it was not evaluated in cohort b). 

This means, that there was a trend of low physical functioning being associated 

with better performance in RMET. 
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Figure 15 ‖ Performance in RMET in SMA type II and type III ‖ ; ntype2 = 14; ntype3 = 17; n= 
number of individuals; RMET= Reading the Mind in the Eyes Test; ToM= theory of mind; SMA= 
spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= 
Medizinische Hochschule Hannover ‖ depicted are the mean and the 95% confidence interval; 
type II: mean = 17.63; type III: mean = 16.00; the figure illustrates the of performance in RMET 
(as an estimate of ToM) in adult patients with SMA types II and III at T2 (day 15) of the study 
at RKU and MHH and in controls. Higher scores in RMET correspond to better abilities in 
context of ToM ‖ RKU and MHH; 2017-2019 

 

 

Figure 16 below shows the median scores in RMET in patients and healthy 

controls. Since RMET-scores were non-normally distributed in the control group, 

only medians instead of means could be compared. No significant difference in 

performance in RMET could be found between patients (median=17) and 

controls (median=17), U = 309.50, z = 0.303, p = 0.762, r = 0.04. 
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Figure 16 ‖ Performance in RMET in patients and controls ‖ npatients = 31; ncontrols = 19; n= 
number of individuals; RMET= Reading the Mind in the Eyes Test; ToM= theory of mind; SMA= 
spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm; MHH= 
Medizinische Hochschule Hannover ‖ patients (light green): median = 17.00; controls (dark 
green): median = 17.00; the figure illustrates the of performance in RMET (as an estimate of 
ToM) in adult patients with SMA at T2 (day 15) of the study at RKU and MHH and in controls. 
Higher scores in RMET correspond to better abilities in context of ToM ‖ modified after [151], 
first published in Orphanet Journal of Rare Diseases under the license CC BY 4.0 
http://creativecommons.org/licenses/by/4.0/‖ RKU and MHH; 2017-2019 
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Paediatric patients 

 

Analysis for paediatric patients was carried out for the cohort characterized in 

2.4.1.1. Table 10. In this work, no significant differences between paediatric 

patients and paediatric controls could be detected concerning performance in 

RMET, as is illustrated by Table 23 below. Performance in RMET did not 

correlate significantly with disease onset or physical function (onset: τ = 0.30, 

95% BCa CI [-0.397, 0.786], p = 0.264; ALSFRS: τ = 0.26, 95% BCa CI [-0.450, 

0.795], p = 0.271; similar for ALSFRS-R and HFMSE). There was a trend of a 

higher age being correlated with better performance in RMET, τ = 0.45, 95% 

BCa CI [-0.317, 1.000], p = 0.059 and a significant correlation of more years of 

education with better performance in RMET, τ = 0.54, 95% BCa CI [-0.295, 

1.000], p = 0.026. 

  

Table 23 ‖ Median RMET scores for paediatric patients‖ npatients = 11; ncontrols= 11; n= number 
of individuals; p= probability (significance); M-W test= Mann-Whitney test ; RMET= Reading the 
Mind in the Eyes Test; u.quart. = upper quartile; l.quart. = lower quartile; interqu. = interquartile 
range; max. = maximum; min. = minimum; ToM= theory of mind; SMA= spinal muscular atrophy; 
RKU= Rehabilitations- und Universitätskliniken Ulm ‖ the table depicts the median RMET score 
(as an estimate of ToM), of paediatric patients with SMA at T2 (day 15) of the study at RKU, as 
well as matched controls. Higher scores correspond to higher cognitive abilites in context of 
this domain. The right column shows the median scores of controls and quantifies the difference 
to patients using the M-W test‖ RKU; 2017-2019 
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3.3. Covariates 

 

General cohort  

 

Table 24 ‖ Longitudinal development of measures of physical function ‖ n= number of 
individuals; p= probability (significance); HFMSE= Hammersmith Functional Rating Scale 
Expanded; ALSFRS(-R)= ALS Functional Rating Scale (Revised); BCa CI= bias corrected and 
accelerated 95% bootstrap confidence interval; u.quart. = upper quartile; l.quart. = lower 
quartile; interqu. = interquartile range; SD = standard deviation; rm-ANOVA = repeated-
measures ANOVA; F-ANOVA = Friedman’s ANOVA; SMA= spinal muscular atrophy; RKU= 
Rehabilitations- und Universitätskliniken Ulm ‖ T1 to T5 represent the different points in time 
over the course of the study  (T1: day 1, T4: day 60, T5: day 182); the table shows the 
development of different measures of physical function in patients with SMA under treatment 
with Nusinsersen at RKU and quantifies it, using F-ANOVA and rm-ANOVA ‖ RKU; 2017-2019 

 n T1 T4 T5 rm-ANOVA F-ANOVA 

HFMSE 21  

 

p=0.080 

median 

 

4.50 6.00 5.50  

l. quart 1.50 1.50 1.50 

u. quart 35.25 36.25 39.00 

ALSFRS-R 25  p=0.250  

mean 

 

27.68 27.72 27.80 

 BCa CI 
[22.62, 

32.74] 

[22.67, 

32.77] 

[22.71, 

32.89] 

SD 12.257 12.229 12.325 

ALSFRS 25  p=0.532  

mean 

 

20.32 20.36 20.40 

 BCa CI 
[15.62, 

25.02] 

[15.67, 

25.05] 

[15.68, 

25.12] 

SD 11.386 11.357 11.438 

 

In the following, the longitudinal development of the three most important 

measures of physical function in this work shall be depicted. For HFMSE, scores 

did not change significantly over the six months of this study, 𝜒2(2) = 5.042, p = 

0.080. The same is true for ALSFRS-R and ALSFRS. For ALSFRS, the 
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Greenhouse-Geisser estimate for departure from sphericity was ɛ = 0.67. Scores 

did not change significantly over the time of this study, F(1.33, 31.91) = 1.42, p 

= 0.250. For ALSFRS, the Greenhouse-Geisser estimate was ɛ = 0.63. Scores 

did not change significantly over six months, F(1.26, 30.25) = 0.490, p = 0.532. 

This indicates, that physical function did not change under therapy in the first 

half year of treatment. Details are provided by Table 24 above.  

 

Adult patients 

 

As depicted in Figure 17 below, patients in cohort a and c differed significantly 

from healthy controls in their preferences at therapeutic decision making, U = 

45.00, z = -2.681, p = 0.011, r = -0.50. This is a medium to large effect. While 

the median answer in healthy controls lay between “The physician should make 

the decision, but strongly consider my opinion.” and “The physician and I should 

jointly and equally make the decision.” The median answer among patients was 

“I should make the decision, but strongly consider the physician’s opinion.” 

 

Latency between positive answer for therapy and start of therapy in the cohort 

of adult patients (n = 13) varied between a minimum of 1.14 weeks and a 

maximum of 20.00 weeks. The mean latency lay at 7.13 weeks (SD 5.421, 95% 

CI [3.856, 10.408]).  
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Figure 17 ‖ Preferences in therapeutic decision making in adult patients and controls ‖    npatients 

= 17; ncontrols = 12; light green (left) = patients; dark green (right) = controls; n= number of individuals; 
SMA= spinal muscular atrophy; RKU= Rehabilitations- und Universitätskliniken Ulm‖ the figure shows 
the preferences in therapeutic decision making by SMA patients at RKU and healthy controls ‖ RKU; 
2017-2019 
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4. Discussion 

 

 

4.1. Quality of Life 

 

4.1.1.  Hypothesis I: Quality of Life under therapy with 

Nusinersen 

 

In adult patients, where HRQoL was evaluated with the SF-36, significant 

changes over the course of the study were detected in the dimensions of “role -

limitations due to physical function”, perceived “general health” and perceived 

“health transition”. “general health” comprises different question trying to 

measure how healthy the subject feels. “health transition” asks whether patients 

feel more or less healthy than compared to one year ago. Apparently, patients 

felt healthier after six months of therapy than they did at the beginning of the 

therapy and also judged their health more favourably than one year prior. To 

interpret these findings, it is crucial to understand what “health” means for 

patients with SMA. This matter will be discussed in 4.1.3. For this section, it will 

suffice to view health as an entity consisting of symptoms of SMA as well as 

symptoms of any other minor or major disease the patient may have, acute or 

chronic.  

 

Looking at the motor scores of patients, the perceived increase in health 

reported by patients seemingly cannot be explained by effects of the therapy on 

physical function. While the change in perceived health is significant, the change 

in physical function is not. Contributing factors to increased scores in the rating 

of health might be social desirability, auto-suggestion and hetero-suggestion. 

Therapy is extremely expensive, the application burdensome and expectations 

by patients as well as by caregivers and relatives might be high. In this 

constellation, patients might report a better health to comply with the 

expectations they anticipate their environment to have (social desirability). This 
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situation might also lead patients to comply with their own expectations (auto-

suggestion), resulting in inflated scores for the rating of health. As the last of 

these three aspects, caregivers, relatives and other people in patients’ 

environment, who know of the new therapy, might give patients’ false feedback 

either because they have fallen prey to their own expectations or because they 

actively want to encourage patients.  

 

A different explanation could be that physical function actually does improve 

(and the rating of health likewise) without being mirrored in motor scores. In fact, 

many patients did report improvements in physical function. However, these 

improvements were usually miniscule by the judgement of a physically healthy 

person and are therefore not reflected in motor scores. For example, one adult 

patient with SMA type III delightedly told about the improved function in his 

fingers, calling Spinraza “a great wonder”. This increment in function, which is 

not captured by any motor score, may appear negligible at first sight but in a 

situation with only minimal residual physical function, this improvement might be 

a lot in relation to the total function left. In everyday life, a minimal gain in 

function might translate into much bigger changes, for example the much easier 

steering of an electric wheelchair. 

 

“role limitations due to physical health” comprises four questions evaluating if 

performance at work or at home is compromised by physical health. Generally, 

the increasing values of this score are explainable by the same mechanisms 

presented above. However, hetero-suggestion and auto-suggestion seem less 

probable here. 

 

The two single questions analysed in this study (“In general, would you say your 

health is: excellent/ very good/ good/ fair/ poor?” and “I expect my health to get 

worse: definitely true/ mostly true/ don’t know/ mostly false/ definitely false”) 

revealed that, again, patients felt healthier after half a year of therapy  and that 

they developed a more positive expectation about the development of their 

health. While possible reasons for the impression of improved health have 

already been elaborated on, the offered mechanisms fall short for the second 
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question. For an elaborate discussion of this question, the model provided for 

gQoL is necessary. Thus, the question will be discussed later in this section. 

 

In this context, gQoL is considered the central aspect and will therefore be 

discussed more thoroughly. As presented in the results, in the mixed cohort of 

adult and paediatric patients, gQoL decreased significantly over the six months 

of this study. Comparing levels of gQoL at T1 and T5 separately in adults and 

children produced only trends. Nevertheless, these trends were close to 

significance and exhibited comparable effect sizes, thus lending further 

credibility to the finding in the greater mixed cohort of adults and children. The 

non-significant results in the subgroups are easily explained by the diminished 

sample sizes. As already reported, gQoL dropped by one ACSA unit in median. 

This equals half the interquartile range of ACSA scores at T1. To explain this 

“peri-therapeutic” decrease in gQoL, a model shall be put forth. This model is 

illustrated in Figure A in the supplements.   

 

The model is based on the concept of the “hedonic treadmill” [34]. This model 

postulates a “pre-therapeutic” leap in gQoL generated by a positive answer from 

patients’ insurances, granting them coverage of the therapy. This postulated 

leap is evoked by hopes and expectations in context of the therapy. However, 

the effect quickly starts to subside and a phase of declining gQoL ensues. This 

phase begins before first application of the drug. After a certain amount of time, 

patients have reached their baseline of gQoL again. Since measurement of 

gQoL before the postulated leap was not possible, it is also impossible to know 

exactly where this baseline lies (this has important implications for hypothesis 

II; see 4.1.2.). However, one can take into consideration that the major shift in 

gQoL seemed to take place between T1 and T4 (two months), with only minor 

changes in the considerably longer period between T4 and T5 (four months) and 

the study by Suh et al., suggesting that the effect of major life events on QoL 

does usually not exceed a period three months [128]. These two aspects 

together support the assumption that the level of gQoL at T5 (after six months) 

is a good estimate of the baseline gQoL in the cohort.  
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It has to be stated here, that of course this model is only one out of an endless 

variety of possible models. As indicated by the green box in Figure A (in the 

supplements), anything prior to T1 and beyond T5 is subject to speculation. The 

presented model merely represents the scenario that seemed most plausible to 

the author. In the following, this model shall be evaluated for its capacity to 

explain further findings of this study  

 

In this study it was found that, at least in the adult cohort, there was a significant 

association between the time passed between positive answer for the therapy 

and start of the therapy and gQoL at start of the therapy. No association could 

be found with gQoL at later points of the therapy. The lack of association at T4 

and T5 makes it unlikely that by chance those people with better overall gQoL 

received therapy quicker than others. The fact that a higher gQoL at therapy 

start was associated with a therapy start shortly after positive answer for the 

therapy is predicted by the model. Since in this model, the decline in gQoL sets 

in before T1, it is to be expected that patients who have to wait for therapy longer 

after positive answer, have already declined further at T1. 

 

Next, findings for iQoL shall be integrated. There was a highly significant inverse 

correlation with a large effect between gQoL at T1 and the weighting of ‘Social 

environment’ in SEIQoL. Hence, a high relevance of social aspects for iQoL was 

associated with a lower gQoL at therapy start. Considering the fact that social 

support is known to be a predictor for good psychosocial adaptation in ALS [86] 

and that satisfaction with the social environment was good in this cohort as 

indicated by SEIQoL this result is counter-intuitive. It has to be conceded here 

that social support cannot be directly measured with SEIQoL. For discussion of 

this result, it is sufficient to treat the weighting of ‘Social environment’ as an 

indicator of the importance of social aspects of life for QoL.  

 

There was a strong trend that the amplitude of QoL measured with ACSA over 

the period covered was negatively correlated with the relevance of social 

aspects of life. It is therefore assumed that QoL is more stable in patients, for 

whose QoL social aspects are important. On the other hand, patients who rely 
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predominantly on other domains of life are more volatile in their QoL. This could 

be a plausible reason why these patients exhibit an especially good QoL at T1. 

As their QoL is more readily swayed by external factors, there is a bigger 

potential for hopes and expectations associated with the start of a new therapy 

to unfold a positive impact on QoL. On the other hand, there is also a bigger 

potential for disappointment, in the face of only minimal or absent therapeutic 

effects, to have negative influence on QoL. A high relevance of social aspects 

is associated with lower gQoL at T1. This can be explained with the proposed 

model. On the one hand, it can explain the counter-intuitive association of lower 

gQoL and higher relevance of social aspects: the relevance of social aspects 

acts as a moderator for the effect of hopes and expectations on gQoL, 

attenuating this effect. On the other hand, the assumption that stability in gQoL 

is associated with a higher relevance of social aspects of life can also be 

integrated into the model. 

 

It can be said that the proposed model can accurately predict some findings of 

this study and can be refined by the integration of further findings of the study 

without any inconsistencies arising. Furthermore, it also seems possible that in 

some patients the decline in gQoL predicted by the model is enhanced by 

disappointment with the therapy, leading to a transient overshoot below the 

baseline gQoL with a return to this baseline afterwards. Since satisfaction or 

dissatisfaction with therapy were not measured in this study, it is difficult to find 

facts that support this possibility. To stay in the tradition of null-hypothesis-

significance-testing (NHST), in the absence of supporting evidence, the null 

hypothesis that there was no negative effect of disappointment with therapy in 

the cohort will be kept. Without a doubt, it will be very interesting to see how 

gQoL develops in this cohort as the subject of further research. Follow-up of 

gQoL over a longer time should supply evidence that makes it possible to 

confirm one of the models with a satisfying degree of certainty.  

 

Since satisfaction or dissatisfaction with therapy was not measured, in an 

attempt to partially fill this gap in quantitative information, the author will offer 

some qualitative information at this point. For example, one adult patient with 



112 

SMA type III broke out in tears during the neuropsychological assessment at T4, 

saying the therapy had no effect for her, since her performance in the motor 

tests hadn’t improved. In fact, her scores for the SMWT and the HMFSE had, in 

contrast to many other adult patients, improved, but as it seems not to the extent 

that she had anticipated.  

 

In paediatric patients, where HRQoL was evaluated with the PedsQL, no 

significant change occurred at all. Furthermore, in contrast to adult patients, in 

children and adolescents, latency between positive answer for therapy and T1 

was no predictor for QoL at T1. A possible explanation for this could be, that 

children (especially the youngest of this study) might have fewer expectations 

towards therapy and might not have worried about whether or not therapy will 

be granted by the insurance. On top of that, in adolescent patients, problems 

associated with puberty might be more pressing in everyday life.  

 

As announced previously, at the end of this section, the single question “I expect 

my health to get worse: definitely true/ mostly true/ don’t know/ most ly false/ 

definitely false” is discussed. Patients attained a more positive expectation 

about the development of their health in the future. These results suggest that 

expectations towards health in the future were in fact lowest at T1, increasing 

from then on. On top of that, answers for this question did not exhibit any 

detectable significant correlation with gQoL at any point in time. Please note 

here that the question did not specifically ask for hopes or expectations. What 

was evaluated was the belief that health will get worse. It is a fact that the health 

of everyone who dies of a natural cause will eventually deteriorate. 

Consequently, what this question measures might as well be the belief that 

health will get worse in the near future. This would also go along well with the 

finding that patients experienced a perceived increase in health at this time, 

letting a deterioration of health in the near future seem more unlikely. On top of 

that, even patients who have a hopeful attitude towards therapy but only expect 

the progression of their disease to slow down, might still acknowledge and state 

that (in the long run) their health will get worse. 
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Returning to the first question (“In general, would you say your health is: 

excellent/ very good/ good/ fair/ poor?”) it shall be mentioned here that there 

was a strong association of a good rating of health with gQoL at T1, while the 

rating of health showed no association with physical function. The association 

of QoL and perceived health weakened over time. It can be hypothesized here 

that the perception of good health leads to a better QoL and that over the time 

of this study the influence of perceived health on QoL shrank, allowing those two 

variables to diverge. Unfortunately, SEIQoL has only been carried out cross-

sectionally. In a longitudinal design for SEIQoL this postulated dwindling 

influence of (perceived) health on QoL might have been detectable. It is further 

assumed that everyone has an individual baseline of QoL and that therefore QoL 

is not only dictated by the (affective) state of a person but also the traits of a 

person. On this basis, it is postulated that those traits and states that favour a 

good QoL, also favour a positive perception of one’s health (maybe through the 

mechanism of response shift [127]). The decreasing effect of QoL (and the 

underlying states and traits) on the perception of health can be explained by 

other factors like auto-suggestion, hetero-suggestion or genuine effects of the 

therapy (see above) gaining more influence on perceived health. It is very likely 

that there is a mutual influence of the perception of health and QoL on one 

another. For further elaborations on the connection between perceived health 

and QoL, see 4.1.3.  

 

In conclusion, it can be said that, other than predicted by hypothesis I (Therapy 

with Nusinersen is associated with an increase in QoL in patients with SMA), 

therapy was not associated with an increase in QoL. Referring to the proposed 

model, one could argue that there are good reasons to assume that in fact there 

has been an increase in gQoL. However, this postulated increase, was not 

associated with therapy but most likely with the positive answer for the therapy 

and took place before start of the therapy. Looking only at gQoL for now, the 

conclusion must therefore be, that therapy was associated with a decrease in 

QoL. It is crucial to distinguish carefully between correlation and causation. It 

would be wrong to conclude that therapy was responsible for declining QoL over 

the time of this study. Although this could be the case, the model makes no 

assumptions on the effect of therapy on QoL and interprets all change in QoL 
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as the aftermath of an event prior to therapy (positive answer for therapy). As 

soon as one assumes the proposed model, no statements about the effect of 

therapy on QoL can be made anymore.  

 

The focus for the appraisal of hypothesis I lay predominantly on gQoL here, 

while HRQoL was mostly ignored. For this, there are several reasons. Firstly, as 

suggested by the results of SEIQoL and as discussed in 4.1.3., health was a 

poor predictor for QoL in this cohort, letting the approach of focussing on HRQoL 

appear questionable. This is further supported by the fact that perceived health 

and gQoL diverged progressively over the course of this study with perceived 

health increasing and gQoL decreasing. Secondly, other than ACSA, SF-36 is 

difficult to interpret, since it does not provide one summary score. While it claims 

to measure the construct of HRQoL, it does not provide any value for this 

construct but only for its constituting domains. Consequently, to interpret the 

results of these domains and then to make claims about HRQoL is obscure and 

highly subjective. For this reason, for the goals of this work, it is suggested to 

treat SF-36 no longer as a tool for the assessment of QoL, but rather as a 

valuable tool for the assessment of the perception of health.  

 

The last part of this section will elaborate on the clinical implications of these 

findings. Therapeutic expectations are a central theme of this section. While in 

the proposed model they trigger a leap towards higher levels of QoL, they might 

also be a risk factor for disappointment and decreasing QoL. Based on the 

approach assumed above, as long as there are no data supporting the 

hypothesis that disappointed expectations did have a detrimental impact on 

QoL, this hypothesis is to be rejected. Anyway, clinical practice works the other 

way round. Any factor acting on the organism, be it a drug or another 

intervention, is only considered safe, as soon as there is evidence that it is not 

harmful. The abovementioned approach however assumes that there is no 

harmful effect (no disappointment) as long as there is no evidence for it.  

 

In the following, the findings will be appraised from the clinical point of view for 

practical reasons. Physicians treating patients with Nusinersen have no direct 
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influence on the primary outcome of treatment, being the improvement or 

stabilisation of physical function. Still, they might have an influence on the 

secondary outcome, which is QoL. Of course, the postulated process of a 

decline in QoL in context of a return to baseline is something that cannot be 

prevented by physicians. Nevertheless, physicians could have the possibility to 

prevent disappointment at least to some degree. For the overall appraisal of QoL 

under therapy over a given period, the “area under curve” (AUC), (graphically 

illustrated in Figure B in the supplements) can be evaluated.  

 

In case the proposed model was accurate for every single patient treated with 

Nusinersen, there would be no need for physicians to worry about QoL under 

therapy at all: AUC is positive over the whole period, meaning that patients did 

profit in terms of QoL (topmost graph in Figure B in the supplements). The truth 

is that this model is the best one to describe the overall behaviour of the cohort 

in total. This means that this model, with a good fit in general, can still be an 

inept model for many patients. Some might have experienced no decline of QoL 

at all, some even an incline and some might have declined under their baseline 

of QoL. These last patients, who sag below their personal baseline of QoL, are 

the ones who might not profit even in the short run. In these cases, the positive 

AUC at the start of therapy might be outweighed by a negative AUC later, leading 

to a negative overall balance for QoL (bottommost graph in Figure B in the 

supplements). While it has to be emphasized that these are speculations, the 

narrative paragraph about the disappointed patient with SMA type III earlier in 

this section suggest that these patients do exist. The trend of a higher amplitude 

in QoL in patients who relied less on social aspects of life for their concept of 

QoL gives a hint that these patients might be at a higher risk for this 

development. For these patients, physicians might have the possibility to play a 

buffering role and prevent the overshoot into levels of QoL below baseline. 

 

This could be achieved by informing patients thoroughly about the chances but 

also the limitations of therapy with Nusinersen to prevent disappointment. For 

this, it might be helpful to first ask patients explicitly about their expectations 

towards therapy. Then patients could be educated about the available evidence, 
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the mechanistic understanding of the pathology and which of their expectations 

seem realistic and which do not, based on these information. Including the first 

results on QoL under therapy provided by this study, patients could be informed 

that first evidence suggests that treatment with Nusinersen does not improve 

QoL. Since Rouault et al. could show that patients with SMA types II and III 

prioritize enhancement of life expectancy over enhancement of QoL, this might 

not deter patients too much [114]. Rouault et al. also found that 97% of patients 

with SMA types II and III saw stabilization of their disease course as a 

meaningful change for them [114]. Since the effect of therapy on disease 

progression cannot be evaluated over a period as short as six months, the motor 

data of this study do not make this expectation seem more unlikely. Therefore, 

the hope for improved survival still appears justified. Improved survival is an 

expectation that seems less likely to predispose for early disappointment and 

reduction of QoL.   

 

The discussion of the proposed model in this section lacks references to 

literature, since none on this topic could be found. 

 

4.1.2.  Hypothesis II: Psychosocial adaptation in SMA 

 

For the evaluation of hypothesis II, it is assumed that psychosocial adaptation 

is as much a state as it is a process. In the process of psychosocial adaptation, 

patients gradually adapt to a progressive loss of physical function.  

 

At this point a preliminary remark is necessary: all contemplations made in this 

section are made under the assumption that the model presented in 4.1.1. is 

valid. This implies, that QoL at T5 is a satisfyingly accurate approximation of the 

baseline of QoL in this cohort. This is required, since hypothesis II makes a 

statement about patients with SMA in general, while the cohort of this study 

consists of patients under therapy (except for three individuals). Relying on the 

model, the situation at T5 serves as an approximate surrogate for a “pre-
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therapeutic” situation that could not be measured. This will be further discussed 

in the limitations below. 

 

With a median value of 2 in ACSA, the QoL in the cohort of patients at T5 was 

good, with most patients in positive affective states. While they had a higher QoL 

at T1, at T5 QoL in patients did not differ from the level of QoL in controls. This 

is well in line with the pre-existing evidence. Oliveira et al. could already show 

good QoL in children and adolescents with SMA [33] and Jeppesen et al. could 

show the same for adults with SMA type II [67]. 

 

In the cohort, the median value for depressive symptoms lay at 35% in the ADI-

12(perc.) at T5, as well as at any other point in this study. Since the point in time 

had no significant influence on depressiveness, this paragraph and the following 

focus on the cross-sectional analysis at T1 for depressiveness. Depressiveness 

did not differ significantly between patients and controls. Among the 21 patients 

analysed, two (9,5%) exhibited mild depressive symptoms and two (9,5%) 

exhibited severe depressive symptoms (19,0% in total). Considering the findings 

by Laufersweiler-Plass et al. [74], indicating a prevalence of 2% for depression 

among paediatric patients with SMA, a number of 0 depressive children out of 

seven paediatric patients was to be expected. This supports the evidence of low 

depressiveness in children and adolescents with SMA. The prevalence of 28,6% 

for depressive symptoms in adult patients with SMA is comparable to the 

prevalence of 28% found in patients with ALS by Lulé et al. in 2008 [83].  

 

Summing up the findings for QoL and depressiveness, it can be stated that 

psychosocial adaptation in the cohort was good, since neither QoL nor 

depressiveness differed from the levels found in controls. Hence, the findings of 

this study support hypothesis II.  

 

Considering the severe physical impairment inflicted by the pathology, this is 

striking und underlines what is meant by the term “disability paradox” [2]. 

Returning to the notion introduced above- that psychosocial adaptation is not 

only a state but also a process- the following paragraphs shall discuss which 
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factors may facilitate this process of adaptation and which may hamper it. 

Response shift [127] as a possible mechanism of psychosocial adaptation in 

SMA is omitted in this section and will play a central role in context of hypothesis 

III (see 4.1.3.). 

 

A positive perception of one’s health is interpreted less as a predictor of good 

psychosocial adaptation but rather as a side effect of it. Nevertheless, as already 

stated, perception of health and QoL probably have a reciprocal influence. The 

influence of health on QoL will be discussed in depth in 4.1.3.. The same can be 

applied to depressiveness, where higher levels of depressiveness were 

associated with a worse perception of patients’ health in general. Here, the only 

conclusion shall be that the perception of good health and good psychosocial 

adaptation were associated, without making any definite statements about 

causality.  

 

Since for no category in SEIQoL the weighting exhibited any correlation with 

QoL at T5, it is deduced, that for this cohort it played no relevant role, which 

aspects of life patients included in their concept of quality of life and how much 

weight was assigned to these aspects. However, it was also found that a high 

weighting of social aspects was a predictor for worse QoL at T1. This finding 

has already been discussed in 4.1.1. Likewise, depressiveness was not 

associated with any of the constituents of QoL identified by SEIQoL at any point 

of this study. This implicates that no focus on any specific aspect of life could be 

identified as a predictor for high or low levels of depressiveness. The same 

applies for QoL, as soon as the situation at T1 for social aspects is interpreted 

in accordance with the proposed model (see 4.1.1.). Thus, psychosocial 

adaptation did most likely not depend on which aspects of life were most relevant 

for QoL.  

 

As discussed in 4.1.1. already, physical function was a predictor for QoL at T5 

and any other point of this study. It was found that patients with better physical 

function experienced a worse QoL, while patients with worse physical function 

experienced a better QoL. It had already been shown that QoL does not 
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correlate with physical function in adolescents and children with SMA [33] and 

that physical function is not associated with QoL in ALS [95]. Nevertheless, 

these are the first data showing an inverse correlation of physical function with 

QoL in SMA. It has to be conceded though, that separate analysis revealed that 

a significant association existed only in adults. As shown in 3.1.1.3., better 

physical function was a predictor for enhanced depressiveness at T5 but not at 

any point prior. Still, it can be concluded that good physical function was a 

predictor for worse psychosocial adaptation, while bad physical function was a 

predictor for better psychosocial adaptation.  

 

This conclusion clearly deviates from a lay perspective, where physical 

impairment may lead to a deterioration in mental health and well-being. 

Nevertheless, the observed effect is well in line with pre-existing evidence on 

the topic. As aforementioned, a study by Kruitwagen-van-Reenen et al. from 

2016 suggested better mental health in SMA patients with more severe 

symptoms and more role limitations due to emotional problems in patients with 

less severe symptoms [106].   

Physical function in SMA is, more or less tightly, connected to the time of onset. 

How strong the association is, depends on the pace of disease progression, 

which is very different from patient to patient. In this cohort, an early onset was 

associated with a higher QoL at T5. It has to be conceded, that this was not the 

case at earlier points in time and that the correlation was only significant in the 

mixed cohort of adults and paediatric patients. Furthermore, an early onset was 

correlated with lower levels of depressiveness at T4 and T5, while this was not 

the case at T1. Again, significance was only reached in the mixed cohort. 

Viewing T5 as a surrogate for a baseline for QoL based on model 1, it can be 

concluded that an early onset of the disease was a predictor for better 

psychosocial adaptation, while a late onset of the disease was a predictor for 

worse psychosocial adaptation. The lack of significance at the beginning of the 

study (for QoL as well as for depressiveness) can be explained in the framework 

of model 1, where the begin of the study represents an unusual situation deviant 

from the patient’s psychosocial “equilibrium”.  
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It is probably most sensible, to view physical function and onset not as separate 

variables but in context. Patients with a bad physical function, equivalent to a 

later stage of disease, are usually those with an early onset. Neither of the two 

parameters captures the essence of what might really be an essential predictor 

for psychosocial adaptation. Here, it shall be hypothesized that although 

adaptation is possible at any stage of life, it is accomplished most effortlessly at 

early stages in life. Hence, the earlier critical physical functions are lost, the 

better can adaptation to these losses be. In case of a neonatal onset, these 

functions might never be obtained at all, resulting in no loss in the classical 

sense of the word. In the following, this is illustrated with two examples. An 

imaginary patient with type II SMA never learns to walk. The only thing she has 

ever known is herself lying horizontally or sitting upright in a supported sitting 

position. She needs help to move around or adjust the position of her body, but 

there has never been the experience of a loss of independence. As she grows 

up, she might already know that she will lead a different life than most and might 

develop hopes and expectations within the framework of her disease, which for 

her is the default and nothing special. Getting older, challenges for her might be 

the progressive loss of function in her arms, her hands and her fingers or the 

development of dysarthria, making communication more difficult. A second 

imaginary patient with type III SMA may grow up like a healthy child. He learns 

to sit and walk and to lead the life of an independent child. At the age of nine, 

first symptoms emerge and over the following years he has more and more 

difficulty walking, till he has to use a wheelchair and relies on help in an 

increasing number of aspects of his life. On top of that he might have to realize 

that the life he imagined he would have will look different and will be shaped by 

the restrictions imposed on him by the disease (adaptational processes and their 

underlying mechanisms will be elaborated on in 4.1.3.). These aspects are 

neither depicted sufficiently by the onset alone, nor by the physical function at 

the time of the study. This is accounted for by the extremely heterogeneous 

course of the disease with vastly different paces and patterns of progression.  

 

This explanation is by no means a new one. As already described, Kruitwagen-

van-Reenen et al. [106] already suggested this theory in 2016 to explain their 

finding that patients with milder forms of SMA tended to have a reduced mental 
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health. In contrast to this study, they focused on HRQoL, assuming an 

objectivistic view on QoL, while this work has a clear emphasis on the 

subjectivistic concept with gQoL as the central variable. Also, in their work, 

mental QoL and physical QoL as domains of HRQoL were focussed on, while 

psychosocial adaptation did not play a role. However, despite the conceptual 

differences, these findings from 2016 play a pivotal role for this work. Viewing 

both works in synopsis, they can be seen as complementary, enhancing the 

credibility of one another. The work of Kruitwagen-van-Reenen will play an 

important role again in 4.1.3., further underlining how these two works complete 

and augment each other.  

 

Summarizing the findings discussed above, it can be concluded, that while the 

role of the perception of health remains unclear, a late onset and an early stage 

of the disease (good physical function) are risk factors for bad psychosocial 

adaptation in SMA. Conversely, an early onset and a late stage of the disease 

(bad physical function) are predictors for good psychosocial adaptation in SMA. 

 

This also explains why psychosocial adaptation is good in SMA. Most patients 

have an early onset, which is a predictor for good psychosocial adaptation in 

SMA. Furthermore, except for the acute form of type I SMA, the disease 

progresses slowly. This creates a situation in which patients have enough time 

to adapt to a loss of function and the consequences this has for their lives.  

 

Analysis could detect no significant difference in the prevalence of depression 

between patients and controls. The same was true for comparison of type II with 

type III, type II with controls or type III with controls. In the latter cases this was 

to be expected due to the diminished sample sizes, so here it was not possible 

to rule out an effect to an acceptable degree of certainty. However, while a 

higher risk for depression compared to healthy controls could not be detected in 

the total cohort of patients nor in any type of SMA, higher depressiveness in 

patients with better physical function and a later onset could be shown for the 

later points of this study. 
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No matter if patients with a late disease onset are more at risk to develop a 

depressive pathology than the normal population or not, this knowledge is 

valuable. Clinicians who treat patients with SMA should be aware that the 

heterogeneity of the disease itself is mirrored in a resulting heterogeneity in 

depressiveness. This knowledge can help to identify those patients who are at 

a greater risk to develop a depressive pathology. In patients for whom the 

suspicion of a depression exists, or who seem at risk to develop depression, 

tools especially designed for the detection of depression in patients with 

neuromuscular diseases (e.g. ADI-12) should be used. Therapy with Nusinersen 

creates a novel situation in which patients come to the clinic in a four-monthly 

rhythm. This makes it possible to monitor patients who seem at risk for the 

development of a depressive disorder and, in case results indicate a clinically 

relevant severity of symptoms, offer a conversation in which therapeutic options 

like cognitive behavioural therapy or anti-depressive medication can be informed 

about. On the other hand the findings of this study and the study by Kruitwagen-

van-Reenen et al. [106] are important for clinicians with less clinical experience 

with SMA, since it is demonstrated very clearly that good mental health and good 

QoL can be preserved despite deteriorating physical function. In the author’s 

experience, for a good relationship with patients with SMA it is very helpful to 

show patients that one is aware that they lead a life worth living. Several patients 

stressed how important it was for them to feel understood by their physicians. 

This understanding goes beyond the professional knowledge about the 

subtleties of their pathology and includes the insight that patients with SMA in 

general lead a life of good quality and do not differ from healthy people in their 

affective or cognitive qualities (also see Cognition, 4.2.1- 4.1.3.).   

 

Next, it shall be discussed if the findings on psychosocial adaptation have any 

implications for therapy directed at physical function in SMA, namely 

Nusinersen. It is important to emphasize that the cross-sectional observation 

that physical function and psychosocial adaptation are inversely correlated, 

cannot be used to make inferences on an individual patient over the course of 

the disease. This has already been stressed by Oliveira et al. in context of their 

findings that QoL had no correlation with physical function in children and 

adolescents with SMA [33]. These findings do not allow the inference that QoL 
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increases as physical function recedes over the course of the disease. A patient, 

losing a physical function critical to everyday life for him or her, might still suffer 

an increase in depressiveness or a reduction of QoL- if transiently or sustained. 

To evaluate if psychosocial adaptation ameliorates over the disease trajectory a 

longitudinal observation over many years would be needed. To this date, there 

is no reason to believe that this is the case. Patients have to adapt constantly to 

a loss of physical function and each loss represents a challenge to this 

adaptational process. Even though psychosocial adaptation in SMA is generally 

good, for the individual patient each loss has to be seen as a potential risk factor 

for worse psychosocial adaptation, resulting in diminished QoL or increased 

depressiveness. As this study could show, this risk is greater in milder forms of 

SMA where the onset is later and physical function still better. These 

contemplations have relevance for the treatment with Nusinersen. For these 

patients with relatively good physical function but a worse psychosocial 

adaptation, QoL might play a bigger role as secondary outcome measure, than 

for patients with a more severe disease. As already stated, in patients with worse 

psychosocial adaptation, a deterioration of physical health is more likely to be 

accompanied by a deterioration of QoL. It might be speculated that a 

stabilization of physical function by Nusinersen is likely to have the potential to 

prevent a deterioration of QoL. To judge the potential of Nusinersen to stop the 

progression of the disease a duration of six months is clearly to short. On top of 

that a stable QoL associated with a non-progression of the disease would not 

suffice to make the inference that this stable QoL accounted for by the stable 

physical function.   

 

4.1.3.  Hypothesis III: The role of health in SMA 

 

This section covers the relationship of health and QoL in SMA and preferences 

in therapeutic decision making. Patients with SMA showed a higher need for 

autonomy in therapeutic decision making compared to healthy controls. The 

majority of patients wanted to make decisions on their own under consideration 

of the physician’s opinion. This underlines the fact that patients with SMA are 

usually very well educated about their disease and might even have more 
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knowledge than some physicians with only little experience with SMA. In this 

situation, the physician might be viewed more as a consultant with consiliary 

function. 

 

There was no significant difference in the frequency or the weighting of “Health 

and health-related” in SEIQoL between patients and controls. This suggests that 

‘health’ is not less relevant to QoL for patients with SMA, than it is for healthy 

people. What one can be less certain about, is that ‘health’ is just as important 

for patients as it is for healthy individuals. For the frequency in SEIQoL, the p-

value was 0.14 and for the weighting it was 0.17. These results are close to a 

trend, which would suggest that ‘health’ played a bigger role for QoL for patients 

than for healthy subjects. This is quite intuitively expressed by the odds ratio of 

4.29, expressing that patients were over four times as likely to name ‘health’ as 

a constituent of QoL than controls. One might suspect that small sample sizes 

contributed to the lack of significance of these results. However, while it is not 

possible to say with certainty if ‘health’ was more important than for controls, it 

can be stated that it was not less important with a satisfying level of certainty. 

Therefore, hypothesis III should be discarded as not accurate. 

 

Hypothesis II was conceived based on the response-shift theory [127] with the 

assumption that in a process of reprioritization, health is excluded from the 

concept of QoL. This hypothesis was further supported by according findings in 

ALS by Lulé et al., where ‘health’ was found to play a reduced role for QoL  [82]. 

This work will offer a theory to explain this difference between the two 

pathologies ALS and SMA at the end of this section. However, further 

elaborations on the relationship between health and QoL in SMA have to be 

made before.  

 

This study found that poor physical function was associated with a higher impact 

of health and health-related aspects of life on iQoL. The association had an 

effect of medium size. This result seems inconsistent with the predictions made 

by response shift theory. According to response shift theory, it could be expected 

that in the process of reprioritization, health is excluded from the concept of QoL 



125 

to allow for a satisfactory QoL in the face of deteriorating health. Nevertheless, 

the results of this work seem to suggest an enhanced influence of health in 

subjects in later stages of the disease with more impaired physical function. This 

in turn appears contradictory with the fact that physical function was inversely 

correlated with gQoL in the same cohort and that this effect was strong and 

significant. These results evoke the picture of patients, who are severely 

impaired in their physical functions (who -colloquially spoken- have “bad 

health”), still integrate ‘health’ in their concept of QoL and manage to maintain a 

good QoL at the same time. The apparent contradiction can be resolved with 

two different, albeit not mutually exclusive, approaches.  

 

Firstly, the manner in which categories were established in analysis of SEIQoL 

and the assignment of cues to these categories might introduce a bias, thus 

creating a distorted image. ‘Health and health-related’ is a rather vague term 

and deciding which aspects of life can be seen as health-related and which not 

is a subjective and controversial task up to discussion. As can be seen in Table 

13 (see 3.1.1.2.) ‘health’ itself was named by only two patients, while most cues 

of this category revolved around medical and technical equipment as well as 

caregiving (separate computations were not carried out for those two patients 

due to the small sample size). These aspects of health are only secondary to 

the underlying pathology and have to be distinguished from the abstract term 

‘health’ as such. In a chronic progressive disease with declining motor function, 

dependence on help (offered by others or by devices facilitating activities of 

everyday life) increases over the pathologies’ trajectory. It is therefore only 

natural that these aspects of life gain relevance to QoL, which might partly 

explain the positive correlation with physical impairment. To phrase it more 

concisely: physical impairment enhances the potential for health and health-

related aspects to become effective constituents of QoL.  

Nevertheless, it is important to keep in mind, what the SEIQoL as a tool 

measures and what it does not measure. As described before, SEIQoL asks 

patients to name those five aspects most influential on their QoL irrespective of 

whether these aspects enhance or reduce QoL. It is wrong to assume that health 

and health-related aspects of life automatically have a negative valence only 
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because the subject concerned has a medical condition. To illustrate this with a 

scenario one can imagine a patient who has struggled with a self-propelled 

manual wheelchair for a long time and has now transitioned to an electric 

wheelchair. This new device might make life considerably easier and represent 

a positive aspect for QoL. For this, it is necessary to evaluate the individual 

satisfaction indicated by patients in SEIQoL. The mean satisfaction with health 

and health-related aspects of life in patients who named a cue of this category 

was 56.9%. Considering that a value of 50% represents a neutral state of neither 

positive nor negative valence, these data support the assumption that health 

and related aspects of life can still have a positive influence on QoL in severely 

disabled patients. Still, it is important to keep in mind that this value is based on 

a small sample of only ten patients (those, who named cues of the category 

‘Health and health-related’ in cohort a) with the lower boundary of the 95% 

confidence interval well below 50% at 38.9%. Furthermore, the mean of 56.9% 

is only slightly above the level of indifference of 50%.  

 

Secondly, the phenomenon of reconceptualization might also play a role. As 

physical function recedes, caregivers and medical or technical equipment 

compensate for functions no longer sufficiently carried out by the own body. 

From an outside perspective, these aspects of life clearly seem health-related. 

However, for an individual these might- over the course of time- develop into 

completely normal aspects of life with the direct and seemingly obvious link to 

the pathology progressively blurring. This is reflected  by a quote already 

brought up in this work from a paper by Jeppesen et al. [67]: “If there’s something 

I’m not able to do, the first thought that springs to my mind is not that it’s because 

of my muscular atrophy. It’s just something I can’t do.”. Health might therefore 

mean something completely different for patients with SMA than it does for 

healthy people. Even though it is tempting and intuitive to postulate that ‘health’ 

and ‘SMA’ are more or less synonymous terms for patients with SMA and to use 

this to explain an increased weight of ‘health’ for QoL in more advanced cases 

of the disease, this approach is most likely wrong. There are several reasons for 

this. Firstly, the rating of one’s health (in SF-36) had no correlation with physical 

impairment (measured with ALSFRS, ALSFRS-R and HFMSE). Secondly, when 

patients were asked to rate their health in SF-36, many asked whether this 
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meant their health including or excluding SMA (p.o.). All this hints at a 

reconceptualization of the term ‘health’, where SMA is viewed less as a part of 

health and more as a part of one’s individual identity. In this case, SMA would 

represent a kind of ‘background noise’ of medical conditions with ‘health’ 

denoting any medical condition that comes on top like a common cold, injuries 

or pneumonia. This aspect has been omitted in the discussion of hypothesis I 

(4.1.1.), but it is important that when patients report a better perceived health 

over the time of the therapy, this might also mean that they were (or felt) less 

vulnerable to other diseases like for example a common cold. It would be wrong 

to dismiss these conditions as insignificant minor ailments, since especially 

respiratory infections pose a considerable threat to patients with SMA, with 

pulmonary complications often representing a limiting factor in terms of life 

expectancy [53]. Unfortunately, this is a field of educated guessing, since SF-36 

evaluated only the rating of health in general.  

 

It seems reasonable to assume that there is no universally valid answer 

applicable for all SMA patients but rather different coping strategies. 

Nevertheless, it can be hypothesized that there are those patients who 

predominantly reprioritize by excluding ‘health’ from the concept of QoL and 

those who predominantly reconceptualize by excluding SMA from the concept 

of ‘health’. In the following, it shall be discussed which of the two processes 

seems more important in the observed cohort.  

 

With the tool SEIQoL it is difficult to detect reprioritization in samples as small 

as the one of this work and with a cross-sectional assessment. The reason for 

this is that ‘health’ played only a minor role in patients as well as in controls, 

leading to low frequencies and weightings in SEIQoL, letting the effective sample 

size shrink even further. The majority of subjects didn’t name ‘health’ at all, 

leading to a median weighting of 0% for these individuals. This is caused by the 

concept of SEIQoL, focussing on the five most important aspects for QoL and 

giving those five aspects a total weight of 100%. This approach is perfectly 

sufficient to show that this aspect of life was less important than another aspect, 

which produced a significantly higher value. Based on the numbers provided in 
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the results, the appraisal that ‘health’ was not less important for patients than it 

was for controls, and that therefore hypothesis III is rejected remains valid.  

Nevertheless, even if patients were over four times as likely to name ‘health’ as 

relevant for QoL in SEIQoL as healthy subjects, it is impossible to exclude that 

there might be a subgroup of patients, for whom health has a significantly 

smaller impact on QoL, than for healthy controls. This means, that while some 

patients might use reprioritization as a mechanism of psychosocial adaptation, 

this is not supported by any findings of this study. In contrast, the assumption of 

a mechanism of reconceptualization, in which SMA is excluded from the concept 

of health, is supported by the fact that the rating of health was not associated 

with physical function in this cohort. Thus, based on the findings of this study, it 

is hypothesized that reconceptualization is the predominant of the two 

mechanisms in SMA. Recalibration as the third important component of 

response shift is not discussed in this work, since the findings of this study allow 

no statements on the role of recalibration.  

 

These findings shall be used to explain why reprioritization seems to play a 

bigger role in ALS than in SMA. The findings of this study let it seem probable 

that in patients with SMA, the pathology gets integrated into the patients’ identity 

as a person. Thus, patients may view SMA as part of themselves and not as 

something foreign like a virus one contracts and then gets rid of again. Patients 

with a very early onset presumably already integrate their pathology when they 

first develop a concept of who they are. In patients with a later onset, the self -

concept might already be formed and it might become harder to exclude the 

pathology from the concept of health and include it into the already more 

consolidated self-concept. For these patients, reconceptualization might fail and 

force them to rely on reprioritization. This could not be shown in this work. 

Nevertheless, this could be an alternative explanation, why there was a strong 

trend that poor physical function was associated with health being more relevant 

for QoL. In this context, this could mean that those with early onset and severe 

symptoms reconceptualize (health remains a constituent of QoL), while those 

with late onset and mild symptoms reprioritize (health is excluded from QoL). 

Because of the typically late onset in ALS, those patients might find it even 

harder to reconceptualize, again forcing them to reprioritize. A contributing factor 
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here could be, that it is easier, and therefore quicker to change the concept of 

QoL than to restructure one’s self-concept. ALS, with its rapid progress in many 

patients might not offer enough time for this. While there is no evidence that 

patients with ALS do not reconceptualize, evidence that patients with ALS 

reprioritize has been provided by Lulé et al. [83].This implies that psychosocial 

adaptation might use similar mechanisms in milder forms of SMA and ALS, while 

in more severe forms of SMA other mechanisms may be at work.  

 

At the end of this section, the relationship between QoL and the perception of 

health, which has been touched briefly in 4.1.1. shall be focussed on. The 

question of how important health is for one’s QoL is tightly linked with the value 

of perceived health as a predictor for QoL. In context of hypothesis I, it was 

suggested that trait positivity represents a shared predictor for good QoL and 

perception of good health while it was conceded that the influence between 

perceived health and QoL is probably reciprocal. For this mutual influence, the 

“Santiago theory of cognition” (SToC) [85] can be employed. As a mechanism 

of adaptation, in this case psychosocial adaptation, response shift is a cognitive 

process. SToC can be used to describe a probable relationship of health, the 

perception of health and QoL. Here, health represents a part of the environment 

acting on an individual. A certain health status will elicit different reactions from 

an individual, depending on this individual’s structure (structural determinism), 

meaning that it will be perceived differently. The perception that is created is 

now the relevant factor acting on the individual. To stick to the terminology of 

SToC, the individual has brought forth its own world [104]. This means that 

health only indirectly affects the individual. Instead it is its perception, tinged by 

the properties of the individual which becomes the effective agent (structural 

coupling). This framework can accommodate the reciprocal influence of 

perceived health and QoL on each other (see 4.1.1.).On the one hand, traits 

(structure) of the individual, like trait positivity, play a major role for the way the 

individual reacts to a certain health status, leading to different perceptions of 

health by different individuals (structural coupling). These traits are the same 

that favour good QoL. On the other hand, the perception of health, determined 

by the individuals’ structure, now in turn acts back on this structure, initiating a 

circle of reciprocal influence (structural coupling). This means that the perceived 
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health now potentially influences QoL. Here, the process recommences: the 

potential of perceived health to act on QoL depends on the individuals ’ structure. 

This structure is the structure of the concept of QoL for the individual, formed by 

response shift. In individuals, who integrate health in their concept of QoL, this 

influence will be bigger than for those, who don’t.  

 

The model of cognition as adaptation will play a role again in the following 

sections on cognition in patients with SMA. 
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4.2. Cognition 

 

4.2.1. Hypothesis IV: Cognitive profile in SMA 

 

Adult patients 

 

Up till now, there had been no evidence on cognition in adult patients with SMA. 

Therefore, assumptions for adults could only be extrapolations from data on 

paediatric patients, where cognitive abilities were found to be either equal, or 

superior to those in healthy individuals [14, 15, 59, 98, 135, 141]. This study 

offers first evidence on the cognitive profile of adult patients with SMA.  

 

The findings of this study could not show any significant difference between 

adults with SMA and adult controls. This indicates that as hypothesized, in 

general, cognitive abilities in SMA were comparable to those of healthy subjects 

in adult individuals. This was true for any of the eight domains evaluated by 

ECAS. All evidence for children painted the picture of patients with a perfectly 

normal cognitive development, which is not impaired by the pathology. This 

study suggests, that the developed cognitive abilities are preserved in adulthood 

and remain unaffected. Thus, hypothesis IV is supported by the results of this 

study. 

 

There was a difference in scores for executive function between SMA type II and 

III, which was close to a trend. Although this would represent a plausible 

explanation, executive function was not correlated with disease onset. However, 

a significant and inverse correlation between executive function and physical 

function could be found. Those patients, who had a low level of physical 

functioning had better executive function. To explain this, the 

neuropsychological hypothesis by Sieratzki and Woll shall be considered [124]. 

They postulate that a reduced sensorimotor development allows for resources 

in procedural learning to be used otherwise. While they propose that these 

resources might be used for the development of grammar, in this context it is 
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hypothesized that they might be allocated to executive functions. It makes sense 

that especially executive functions might play an important role for patients with 

SMA, since they entail the ability to solve problems, think flexibly and adapt to 

new circumstances [54]. These abilities are crucial to adapt to a life of 

continuous change caused by the progressive loss of physical functions. Since 

physical function is correlated with disease onset, and since an early onset 

seems favourable for the reallocation of cognitive resources, the lacking 

association of executive functioning and disease onset does not fit into the 

picture. A possible explanation could be, that the very variable pace of disease 

progression plays a confounding role here.  

 

Here, analogies can be seen between psychosocial adaptation and cognitive 

adaptation. In both cases, a low level of physical functioning is associated with 

a higher level of functioning in other domains, be it emotional functioning or 

cognitive functioning. For both findings, an age-dependent capacity for 

adaptation is offered as explanation. High plasticity in early phases of life allows 

for a better adaptation. All this implies that (applying the SToC again) SMA has 

no primary effect on cognition- it does not determine structure directly (structural 

determinism). As described before, this is different in ALS and distinguishes the 

two pathologies. Similar to what has already been discussed in 4.1.3., SMA can 

rather be seen as an external agent, acting on cognition “from the outside” and 

interacting with the cognitive system in a process of structural coupling. 

 

Paediatric patients 

 

For the sake of brevity and considering the lack of significant results in this very 

small cohort, a separate discussion of the results in paediatric patients is 

refrained from. Generally, the finding that no difference between patients and 

controls could be detected is well in line with the findings in the greater cohort 

of adult patients. As already mentioned above, pre-existing evidence in children 

and adolescents hinted at cognitive abilities either equal, or superior to those in 

healthy individuals (see above). The findings of this study strengthen the 

impression that in general cognitive abilities in children and adolescents with 
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SMA do not deviate from the abilities of their healthy peers. Thus, hypothesis IV 

is supported.  

 

4.2.2. Hypothesis V: Verbal abilities in SMA 

 

Adult patients 

 

As was the case for cognition in general, prior to this study there had been no 

evidence on verbal abilities in adult patients with SMA. All assumptions for adults 

were based on data from paediatric patients, where verbal abilities were found 

to be superior [9, 135] or equal [15] to the abilities of healthy controls. This study 

supplies first evidence on verbal abilities in adult patients with SMA. 

 

The results of this study did not indicate any difference in verbal abilities 

between adults with or without SMA. As opposed to hypothesis V, in fact the 

findings let it seem more probable that adults with SMA might show slightly 

inferior performance in WST compared to healthy controls. However, this effect 

was small and even below the level of a trend. Still, these results are plausible. 

Due to physical impairment, patients with SMA often need more time for their 

educational career. This means, that the same degree of education translates 

to a greater number of years of education than in healthy subjects. Since the 

matching was done on basis of years of education, it might well be, that the 

actual level of education was slightly lower in patients, than in controls. The 

findings provided by regression analysis support this by showing that age alone 

was not a relevant predictor for performance in WST, while education was a 

highly relevant predictor. 

No matter, if patients’ performance was equal or inferior to healthy controls, 

based on the findings of this work, hypothesis V should be rejected as 

inaccurate. 

 

In this cohort, verbal abilities were significantly higher in male patients, than they 

were in female patients with a small to medium sized effect. This difference could 
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not be explained by different levels of education between the sexes and could 

not be found in the cohort of healthy controls. 

 

The fact that there was no detectable difference between patients and controls 

in performance in WST is in line with the findings in ECAS, where the domains 

“language” and “verbal fluency” also exhibited no difference between the groups. 

However, while performance in WST was significantly associated with 

performance in the language domain of ECAS, there was no association with 

verbal fluency. Also, there could be found no association of performance in WST 

with type of SMA, physical function or onset of disease. This is in contrast to the 

findings for executive function. In context of hypothesis IV, it has been assumed 

that an early disease onset and the consequently reduced sensorimotor 

development allow for a compensatory allocation of free resources to other 

cognitive domains- especially executive function. The findings of this study 

suggest that verbal abilities (more precisely: vocabulary) do not benefit 

significantly from this process.  

 

What does not fit into the narrative of the results discussed above is the fact that 

the performance in WST correlated with the performance of the “executive 

function” domain of ECAS. A possible explanation is that good executive 

function may favour the acquisition of a higher level of education, leading to a 

better vocabulary.  

 

Paediatric patients 

 

No extensive separate discussion of the results in paediatric patients is provided 

here. However, it can be stated that the lacking difference from healthy controls 

in verbal abilities, which was found in adults, is mirrored in the paediatric cohort. 

Previous evidence suggested normal or superior verbal abilities in paediatric 

patients with SMA compared to healthy peers (see above). The findings of this 

work suggest that verbal abilities might be normal rather than enhanced. 

Therefore, hypothesis V should be rejected.  
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4.2.3. Hypothesis VI: Empathy in SMA 

 

Adult patients 

 

Never before has empathy in general, or ToM in specific, been assessed in 

patients with SMA. Again, this study provides the first evidence available. The 

findings of this study provide no reason to assume that hypothesis VI might be 

accurate. In samples as small as the ones of this work, one should be cautious 

to interpret non-significance as the absence of an effect. However, considering 

the miniscule effect size, in this case it seems justifiable to go as far as to say 

that performance in the RMET was the same in patients and controls. For this 

reason, hypothesis VI should be discarded.  

 

The presented data show a trend towards better performance in RMET in 

patients with SMA type II than in type III. This appears plausible in context of the 

discussion for hypotheses IV and V: social cognition is an executive function, 

which is reflected in a significant correlation of performance in RMET with 

performance in “executive function”. Executive function is hypothesized to be 

superior in patients with a more severe disease (early onset, low physical 

functioning). What is irritating here is that performance in RMET was not 

associated with physical function or disease onset. This does not fit into the 

framework built up over the previous two sections. According to this framework, 

the trend found between disease types should stem from an association of social 

cognition (mirrored in performance in RMET) with disease onset and physical 

function. It would be plausible if, besides the role of reallocated cognitive 

resources, an early onset with early dependence on other people led to an 

improvement of social cognition (social stimulation hypothesis [99]). However, it 

has to be stated, that for performance in RMET a trend towards an inverse 

correlation with physical function could be detected and that results were close 

to a trend for an inverse correlation with disease onset. In a greater sample, 

these associations may well have reached the level of significance. What 

remains is the general impression that an early onset with an early loss of 
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physical function is associated with enhanced executive function in adult 

patients with SMA.  

 

Paediatric patients 

 

Like in the adult cohort, no difference in the ability to read emotions in the eyes 

could be found between healthy controls and patients with SMA. What is 

remarkable is the fact, that performance in RMET was significantly associated 

with age and years of education. This was not the case in the adult cohort. A 

tempting interpretation would be that education is a prerequisite to understand 

the words used for different emotions in RMET, especially in children. However, 

findings for WST in the same cohort show that verbal abilities (vocabulary) were 

not significantly correlated with age or years of education. This suggests that 

the ability to read emotions in the eyes itself is an ability still in development in 

paediatric patients, which is in line with literature [91, 140]. Since no evidence 

of enhanced empathy in patients with SMA existed beforehand and this work 

could also not show enhanced empathy in patients with SMA, hypothesis VI is 

rejected. 
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4.3. Limitations 

 

The distribution of age and disease type in the cohort of this study deviates from 

the distribution observed in the general population of SMA patients. Relying on 

the numbers provided by Verhaart et al. [133], in this cohort SMA type I and type 

II were underrepresented and SMA type III was overrepresented. Referring to 

Verhaart et al. [133] again, paediatric patients were underrepresented and adult 

patients overrepresented accordingly. In summary, it can be said that this cohort 

was older and exhibited a less severe disease, than the average of prevalent 

cases. This can at least partially be explained by the fact that children under the 

age of seven were not included in this study, shifting the focus towards older 

patients with less severe disease courses. To remedy the problem of the 

deviance of the cohort from the general population of patients as well as 

possible, it was tried to check for differences in results between types II and III. 

However, it is important to stress that there might well have been differences 

between these two groups that simply did not reach the level of significance due 

to the small number of patients. When thinking about inferences on the general 

population of patients it makes sense to also think about the future of this 

population. Over the course of the next years, the patient collective will inevitably 

change. This change is brought by by new therapeutic interventions (like 

Nusinersen itself). The extent of this change will be determined by the capacity 

of these interventions to enhance survival. This applies especially for disease 

types I and II in which the pathology drastically reduces l ife expectancy in the 

natural course of the disease. Looking at the incidences of the distinct SMA 

types again, it is not far-fetched to predict a therapy-driven increase in the 

prevalence of types I and II. Taking this into account, the cohort of this work 

appears even less representative when looking into the future. However, a few 

last thoughts on this aspect shall serve to put the entire topic into perspective. 

New therapeutic options will not only change the survival of patients but will also 

change the disease types themselves [130]. In the future, suffering from SMA 

type II might mean something entirely different than it did just a few years ago. 

SMA type II under treatment might rather resemble what we now see in patients 

with type III in the long run. Thus, it might be advisable to pay less attention to 
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the features of different disease types and focus more on the pathology as a 

whole- also when it comes to quality of life and cognition. 

 

A big recurring problem of this study is sample size. This study relies on very 

small sample sizes, especially for measures of psychosocial adaptation and 

especially in the paediatric subgroup. In general, the tools for the measurement 

of HRQoL (SF-36 and PedsQL) produced only very small sample sizes. 

Consequently, it is advisable to acknowledge that correlations or differences 

between groups that did not show any significance are results of questionable 

value. Even though a non-significant result can never be interpreted as evidence 

that there is no effect this holds even more true in this context. On the other 

hand, effects that could be detected even in samples as small as the ones of 

this work are quite likely to be genuine. The fact that sample sizes are as small 

as they are is a limitation of this study but it is also explainable, since SMA is a 

rare disease. To remedy this problem as well as possible, the cohort was 

augmented with patients from MMH (Hanover).  

 

The cohort of this work is very heterogeneous with a great dispersion of age. 

For this reason, not all tools could be administered for all patients. This, and 

missing values in some patients resulted in slightly different subgroups for the 

different measures. This means that the different results (e.g. correlations) refer 

to different subgroups of patients, which are largely overlapping but not identical. 

Despite this, all results were discussed together as though they all referred to 

exactly the same cohort. 

 

Furthermore, it has to be mentioned that not all interviews were carried out in 

the total absence of other people. This had several reasons. Many patients were 

very immobile due to their SMA and due to the fact that many assessments were 

carried out after the intrathecal application of Nusinsersen when patients were 

required to lay down and stay in bed for a few hours, so leaving the patients ’ 

room was not an option. Children could decide for their own if they wanted a 

parent to be present during the assessments. Some favoured the presence of a 

parent. Nevertheless, this might have enhanced effects like social-desirability 
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and is a limitation to this study. In addition, the effect of external factors like 

weather or season could not be controlled for. Also, it was not feasible to carry 

out all assessments at the same time of day. 

 

Healthy controls were matched for sex, age and years of education. 

Unfortunately, the skewed gender distribution (with a surplus of men) in patients, 

could not be reproduced in the control group. This is a shortcoming of the 

matching. Fortunately, sex did not have a significant influence on the variables 

except for the WST. However, this might again be caused by the small sample 

size. Furthermore, the control group might not be representative for the general 

population. WSTz-values above 0 (equalling IQ-values above 100 indicate, that 

both patients as well as the control group might have been more educated than 

the general population. As a consequence, it cannot be ruled out, that both 

patients and controls performed better than the general population. This 

especially applies for performance in WST and RMET.  

 

One limitation in the paediatric subgroup is that ECAS, WST and RMET have 

not been validated in children and adolescents.  

It has to be stated that in general, ECAS is a rather rough tool to screen for 

alterations in cognition in a clinical setting. For a better understanding of the 

cognitive profile (especially executive function) of patients with SMA, more 

research is necessary.  

This work aimed to make statements about verbal abilities in patients with SMA. 

It has to be conceded that verbal abilities have not been measured. What has 

been measured is vocabulary, which can be seen as a surrogate for the level of 

actual education. However, verbal abilities comprise more than just vocabulary. 

For example, grammatical abilities play an important role but were not captured 

by this work. Therefore, to be precise, one should use a conservative phrasing 

and say that the results of this study only hint at verbal abilities in SMA, while 

data are merely provided for one aspect of verbal abilities. A further problem is 

that for WST, sex did have an influence on performance and that as already 

mentioned, patient and control group were not structurally similar regarding the 

distribution of sexes. 
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Concerning the RMET, one limiting factor in paediatric patients was that not 

every term (or emotion) was comprehended by all children, especially in the 

youngest patients. This posed a problem since in RMET subtle differences 

between different emotions do play a role. Whenever a term was not understood, 

the term (or emotion) was explained to the patients. However, in the impression 

of the author, in these cases children had a strong tendency to choose the option 

that had just been explained to them. This might have introduced some bias. 

 

Concerning psychosocial adaptation in SMA in general, this work relies on the 

prerequisite that model 1 from 4.1.1. is accurate. Only then, can the situation at 

T5 be viewed as a satisfactory surrogate for a baseline situation in patients with 

SMA and only then can statements on psychosocial adaptation in SMA be made. 

No certain statements can be made about any point in time prior to T1 or beyond 

T5. Still, the measurement of variables at a “true baseline” prior to T1 was not 

possible, since patients could not be assessed before they had a positive answer 

for the therapy. 

 

A more specific limitation of this work is the problem that SEIQoL was only 

assessed cross-sectionally at either T4 or T5 (for reasons see 2.3.1.2.) and was 

nevertheless correlated with qQoL data from T1. For the reasons mentioned, 

this was the only possible approach. Still, it can be met with criticism, since it 

relies on the assumption that the constituents of QoL named in SEIQoL and their 

weightings do not shift considerably over the time of this study. This assumption 

is a quite uncertain one. Furthermore, the analysis and interpretation of SEIQoL 

is a highly subjective business, paving the way for the introduction of potential 

bias. Furthermore, concerning QoL the computation of an “amplitude” in ACSA 

might be controversial. This approach is based on the view on ACSA as an 

interval variable instead of an ordinal variable. Only under this condition it is 

reasonable to assume that a decrease in ACSA by one unit means the same in 

subject A as it does in subject B. And only then this means that a higher 

amplitude in ACSA in subject C than in subject D means a greater fluctuation of 

gQoL in subject C. Treating ACSA as at least an interval variable is an approach 
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already found in earlier works by other authors (e.g. [82]) and was adapted for 

this work.  

 

Another limitation is represented by the fact that this work analysed two single 

questions of SF-36 separately, despite the fact that these questions have not 

been validated for separate analysis.  

 

Also, the use of ADI-12 (having been developed for patients with ALS) has not 

been validated for the use in children and adolescents. Depressiveness did not 

differ between patients and controls. Still, one has to be aware of the fact that 

this statement is based on non-parametric analysis based on ranks. Analysing 

medians and ranks has the advantage that they are not influenced by outliers. 

This is a strength in some regards but a weakness in others. With ranks, it does 

not matter how high the individuals with the highest scores scored in a test. What 

matters is that they had the highest scores, leading to the according ranks. While 

this eliminates some bias for the median, it can create bias in situations where 

there are meaningful cut-offs, as is the case with the ADI-12. Here, the median 

remains the same, no matter if the highest scores are below the cut-off for a 

depressive pathology or above. In contrast, this might have a considerable 

impact on the prevalence of depression in this cohort. 

 

Furthermore, it has to be conceded that the postulated influence of an early 

disease onset on psychosocial adaptation is only partially backed up by the 

correlations of onset with QoL and depressiveness. An early disease onset was 

a significant predictor of QoL only at T5. Therefore, this explanation again relies 

on the assumption that T5 can be used as a surrogate for a baseline situation. 
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4.4. Conclusion 

 

 

This conclusion aims to make a final appraisal of the findings of this study. For 

this, the limitations and weaknesses discussed in the previous chapter, as well 

as pre-existing evidence, shall be integrated. After that, findings shall be put in 

a greater context to clarify their relevance and suggest how they can be used 

for further research.  

 

Quality of Life 

 

Hypothesis I: Quality of Life under therapy with Nusinersen 

 This study provides the first available evidence on QoL under treatment 

with SMA. It could be shown that in the cohort of adult and paediatric 

patients, QoL decreased over the first six months of therapy. Although 

causal inferences cannot be made, other findings of this study suggest 

that this might represent a return to a baseline QoL after transiently 

enhanced levels of QoL caused by hopes and expectations towards 

therapy with Nusinersen. Separate analysis of the adult and paediatric 

subgroup did not yield significant results and the developed model 

(pretherapeutic increase and subsequent peritherapeutic decrease in 

QoL) relies on a variety of additional assumptions. Thus, despite the 

inherently consistent model, evidence here is still weak. Therefore, the 

findings should be understood as a hint that QoL in patients with SMA 

might drop over the first six months of therapy with Nusinersen. 

 

Hypothesis II: Psychosocial adaptation in SMA  

 This work found a good level of psychosocial adaptation in patients with 

SMA. This represents much needed additional evidence supporting the 

pre-existing but scarce evidence on QoL and depressiveness in patients 

with SMA. A big limitation of these findings is the fact that measurement 

was carried out under therapy and no pretherapeutic baseline could be 

evaluated. Furthermore, depressiveness was measured with a tool not 
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validated for the use in children and adolescents. Nevertheless, these 

findings are viewed favourably in regard of their validity, since they are 

consistent with pre-existing evidence and are explainable by the 

characteristics of the pathology (early onset and slow progression) which 

facilitate good adaptation. Therefore, the findings can be viewed as highly 

credible, despite their limitations. 

  

Hypothesis III: The role of health in SMA 

 The findings of this study indicate that there is no difference in the 

relevance of ‘health’ for QoL between patients with SMA and healthy 

individuals. There had not been any pre-existing evidence on this topic 

apart from the finding that ‘health’ plays a diminished role for QoL in 

patients with ALS. The differences between ALS and SMA can be 

explained with the differences in the disease trajectory. However, for the 

assessment of this matter, this study has an important limitation. It relies 

on the assumption that the constituents of QoL don’t shift significantly 

over the duration of this study. A further difficulty is that the small sample 

size makes it very difficult to convincingly depict the lack of a difference 

between groups. Therefore, it shall be stated that this study provides the 

first evidence on this topic but that this evidence is still very weak. Thus, 

this study provides a first hint, that for patients with SMA ‘health’ is as 

important for QoL, as it is for healthy individuals.  

 

Cognition 

 

Hypothesis IV: Cognitive profile in SMA 

 This work found comparable cognitive abilities in patients with SMA and 

healthy subjects. No significant differences could be detected in adult or 

paediatric patients. While pre-existing evidence in children and 

adolescents indicated the same, this is the first evidence for adult patients 

with SMA. However, evidence is still weak here. 
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Hypothesis V: Verbal abilities in SMA 

 The findings of this study did not indicate any difference in verbal abilities 

between patients with SMA and healthy subjects. For children and adults, 

this is in line with some of the pre-existing evidence, while it contradicts 

those few studies that found superior verbal abilities in patients with SMA. 

The study provides first evidence that verbal abilities in adults with SMA 

are comparable to verbal abilities in healthy individuals. Nevertheless, 

evidence is still weak. 

 

Hypothesis VI: Empathy in SMA  

 This study found no difference in the ability to read emotions in the eyes 

between healthy individuals and patients with SMA. Hence, the findings 

provide no reason to assume that the ability to recognize emotions in faces 

as a prerequisite for empathy might be enhanced in patients with SMA. 

Still, this study provides the first evidence on this matter on patients with 

SMA and supports the null-hypothesis that empathy in patients with SMA 

does not differ from that in healthy individuals. 

 

This work produced a multitude of new hypotheses which were developed to 

explain findings or create models. These hypotheses represent promising 

directions for further research in the field of SMA. The most important new 

hypotheses shall be formulated concisely below. 

 

VII. Disappointment with therapy with Nusinersen is associated with a decrease 

in QoL.  

 

VIII. Patients with SMA integrate their disease into their self-concept/ identity. 

 

IX. In patients with SMA, the concept of ‘health’ is a different one than in healthy 

subjects.  
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X. (based on VIII. And IX.) Patients in SMA and ALS rely on different 

mechanisms of response shift. While in ALS, reprioritization is predominant, 

reconceptualization plays a bigger role in SMA. 

 

For future research it would be useful to design questionnaires which take into 

account that the definition of health might vary across different collectives. This 

would help in the interpretation of health-related tools like SF-36.  

 

Next, it shall be discussed what implication this work has on treatment of patients 

with Nusinersen. In ASOtreatSMA, QoL was intended as a secondary outcome 

measure for treatment with SMA. In the six months evaluated, in terms of QoL, 

no benefit from treatment could be detected. However, it cannot be deduced that 

there is no beneficial effect on QoL in the long run. As already discussed, even 

though adaptation to the pathology in SMA is good, for the individual patient 

each loss of function still represents a potential risk factor for a failure of 

adaptational processes, resulting in worse psychosocial adaptation and 

therefore also worse QoL (see 4.1.2.). This risk for worse psychosocial 

adaptation is higher in milder forms of SMA. These patients might still benefit in 

terms of QoL, when the progression of the disease is slowed down or even 

stopped entirely by treatment with Nusinersen. To detect this, a follow up over 

years of treatment would be necessary and even then, it would be extremely 

difficult to detect. Like for physical function, in these cases a benefit would mean 

a stable level (of QoL) over years. For physical function, it is possible to compare 

the situation under treatment with the well-known natural history of the disease. 

For QoL, there is no known natural history in SMA. Therefore, even the results 

of a year-long follow up would be nearly impossible to interpret. This shows, that 

research in the field of QoL in chronic progressive diseases is still in its infancy. 

To facilitate a profound interpretation of findings in QoL, it would be necessary 

to know the “natural history of QoL” (nhQoL). This could be achieved by 

standardly assessing QoL in all patients who come to an outpatient clinic. Then, 

it could be evaluated how much QoL in patients under treatment differs from 

nhQoL. This would drastically improve the value of of QoL as a secondary 

outcome measure. At this point in time however, the interpretability of QoL as a 
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secondary outcome measure of treatment is low. The knowledge about the 

nhQoL would be useful in many chronic progressive diseases. Then, as soon as 

new therapies are available, evaluation of QoL as secondary outcome measure 

would become more meaningful. 

 

Nusinersen might be a pioneer drug for the treatment of chronic progressive 

diseases. Another ASO, ISIS-HTTRx, for the treatment of Huntington’s disease 

is already in use [75]. Based on the experiences of this study, here as well as in 

any other chronic progressive disease, QoL should be assessed at a 

pretherapeutic point in time already and the possibility of a transient elevation in 

QoL caused by therapeutic expectations should be considered.   

 

The closing words of this work shall revolve around the theme of adaptation. 

Adaptation was this work’s leitmotif: in the SToC it is regarded as the essence 

of cognition and as the name indicates, it is also central to psychosocial 

adaptation. Adaptability is a pivotal feature of the human species and using the 

example of SMA, this work illustrates how far this adaptability reaches. It allows 

for satisfactory QoL and normal cognitive development against all odds. 

However, this work could also show that not all patients are equally well adapted. 

Where the individual’s capacities for adaptation are insufficient, modern 

medicine should try to bridge this gap. This can be accomplished by the 

provision of auxiliary devices, supportive somatic therapy, psychotherapy or 

psychopharmaceuticals. This study could not show that treatment with 

Nusinersen supports (psychosocial) adaptation in patients with SMA. However, 

the question is, if psychosocial adaptation, or QoL in specific, is a measure by 

which therapy with Nusinersen should be judged, especially when there is no 

profound knowledge about the nhQoL in the disease. 
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5. Summary 

 

SMA (spinal muscular atrophy) is a rare and severe neurodegenerative disease, 

which leads to progressive muscle weakness and subsequent muscle atrophy. 

Time of onset, pace of progression, severity of symptoms and at last also life 

expectancy varies considerably. However, the onset is typically infantile. Despite 

the pathologies’ profound impact on development and on everyday life, findings 

of previous studies indicate a good QoL, as well as cognitive abilities on a level 

that is equal or even slightly superior to healthy individuals. Still, the evidence 

on both matters is scarce. The development and clinical application of the new 

drug Nusinersen, an ASO (antisense oligonucleotide) that has been shown to 

stop or slow down disease progression in new-borns and children has brought 

many patients with SMA to the clinics. This new situation, allows the assessment 

of quality of life and cognition in representative cohorts. This work set out to 

evaluate QoL (quality of life) as a secondary outcome measure for treatment 

with Nusinersen in context of a clinical application study. Furthermore, it was the 

aim to assess psychosocial adaptation and the cognitive profile of patients with 

SMA. To this end, patients were assessed neuropsychologically for their QoL, 

level of depressiveness, cognitive domains of memory, visuospatial abilities, 

executive function, verbal abilities and social cognition. The study included 26 

patients under treatment at the RKU in Ulm, 16 patients under treatment at the 

MHH in Hanover and 4 untreated patients from the outpatient clinic of the RKU. 

Longitudinal evaluation (day 1, day 60 and day 182) of QoL and depressiveness 

under treatment with Nusinersen was carried out for the 26 patients treated at 

the RKU. Cognition was evaluated in a cross-sectional fashion for all 46 patients. 

The collective contained adult, as well as paediatric patients. These patients 

were matched with healthy individuals under the criteria of age, sex and years 

of education (mean-matching for adults; 1:1-matching for paediatric patients). 

There was no evidence for a significant improvement of physical function in the 

patients but a significant decrease of QoL over the first 182 days of treatment 

with Nusinersen. In this, it provides the first available evidence on this question. 

Conversely, in adult patients the perceived health increased significantly over 

this period, despite the fact that no change could be detected in the motor 
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function. In line with literature, patients generally exhibited good levels of QoL 

and depressiveness, which did not differ from those found in healthy controls. It 

could further be shown, that an early disease onset and a low level of physical 

functioning were predictors for good QoL and low depressiveness (indicating a 

satisfactory psychosocial adaptation), which is in line with previous findings as 

well. The findings of this work indicate that QoL has the same determinants in 

patients with SMA and healthy subject with the social environment being the 

most influential one. Health however, played an equally small role for QoL in 

both groups. While the results of past studies on cognitive abilities in SMA are 

inconclusive, this work found no difference between patients with SMA and 

healthy controls in any of the tested cognitive domains. However, it was found 

that in adult patients with SMA, a low level of physical functioning was a predictor 

for better executive function. The presented findings might be interpreted in the 

sense that the decrease of QoL over the first 182 days of treatment with 

Nusinersen does merely represent a return to a baseline of QoL after transiently 

elevated levels of QoL due to hopes and expectations associated with the 

therapy. For the amelioration of perceived health under therapy, subtle motor 

improvements, too small to be captured by the motor scores, as well as the 

phenomena of autosuggestion, heterosuggestion and social desirability seem 

plausible. Both psychosocial adaptation and executive function were associated 

with low physical function and in case of psychosocial adaptation also with an 

early disease onset. This can be explained by the fact that adaptation to a life 

with few physical functions and reallocation of cognitive resources, otherwise 

used for motor tasks, is achieved more effectively at earlier stages of life, when 

(neuronal and mental) plasticity is still greater. Clinical implications of this work 

are that patients should be educated about the fact that, at least in the short run, 

enhancement of QoL is not an effect to be expected of therapy with Nusinersen. 

This is important to prevent wrong expectations and subsequent 

disappointment, which could in turn have negative effects on QoL. Furthermore, 

it should be noticed that among patients with SMA, those with a late onset are 

those, who are most likely to have a bad adaptation to their situation and develop 

a depressive pathology. This knowledge can help clinicians to identify those 

patients they should pay special attention to, regarding signs of a 

psychopathology. 
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7. Supplements 

 

    

 

Figure A ‖ A model for the trajectory of QoL in SMA patients under treatment with 

Nusinsersen ‖ dark green line = QoL; blurred out boxplots = longitudinal trajectory of ACSA in 

the cohort; light green box = time covered by this study; QoL= quality of life; SMA= spinal 

muscular atrophy; ACSA= Anamnestic Comparative Self-Assessment ‖ based on the findings 

of this work, this model postulates a pretherapeutic increase in QoL (caused by hopes an 

expectations towards therapy) and a subsequent return to baseline QoL. Captured by this study 

was only the time within the light green box in this figure. ‖ Lucas Mix, Ulm University; 2017-

2019 
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Figure B ‖ Three different scenarios of individual trajectories of QoL of SMA patients 

under therapy with Nusinersen ‖ dark green line= QoL; blurred out boxplots= longitudinal 

trajectory of ACSA in the cohort; light green box= time covered by this study; green area= 

positive AUC; red area= negative AUC; QoL= quality of life; SMA= spinal muscular atrophy; 

ACSA= Anamnestic Comparative Self-Assessment; AUC= area under curve ‖ based on the 

findings of this work, this model postulates a pretherapeutic increase in QoL (caused by hopes 

and expectations towards therapy) and a subsequent return to baseline QoL. In cases, where 

the expectations towards therapy are not met, disappointment may lead to a drop of QoL below 

baseline QoL (read AUC). Captured by this study was only the time within the light green box 

in this figure. ‖ Lucas Mix, Ulm University; 2017-2019 
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