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Abstract 

Background: In Dravet syndrome (DS), a rare epileptic and developmental encephalopathy, the effectiveness of 
a new treatment is predominantly measured in terms of seizure frequency. However, this may not fully capture the 
impact of a treatment on the broader aspects of the syndrome and patients’ health‑related quality of life (HRQoL). 
Using a previously published survey which collected data from DS patients and their carers on the broader manifes‑
tations of their syndrome, their HRQoL, and their experience of seizures, this study created composite measures of 
symptom severity to offer new perspectives on the multifaceted aspects of this rare condition.

Methods: Survey responses on the severity of physical and psychosocial symptoms were combined with independ‑
ent assessments of disability and care need, to generate three composite symptom scores assessing the manifesta‑
tions of DS (physical, psychosocial and care requirements). Variation in HRQoL was investigated in multiple regression 
analyses to assess the strength of association between each of these composite measures and three forms of seizure 
measures (seizure frequency, days with no seizures and longest interval without seizures), as experienced over a 4‑ 
and 12‑week period.

Results: Composite scores were calculated for a cohort of 75 primarily paediatric patients who were enrolled in the 
study. Strong associations were found between each of the three composite symptom scores and each of the three 
seizure measures, with the regression coefficient on symptom score highly significant (p ≤ 0.001) in all nine com‑
parisons. Separate regressions using predictors of HRQoL (Kiddy KINDL and Kid KINDL) as the dependent variable 
were inconclusive, identifying only behavioural/attention problems and status epilepticus as significant predictors of 
HRQoL.

Conclusions: These results allow the development of a composite score that may be useful in developing a clini‑
cal understanding of the severity of DS for an individual patient and establishing their treatment goals. Where 
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Background
Dravet syndrome (DS) is an epileptic and developmen-
tal encephalopathy which, in addition to its high seizure 
burden, is characterised by a broad range of manifes-
tations affecting patients’ health and wellbeing [3]. 
Although classified as a form of epilepsy, it is common 
for patients with DS to experience complex and pro-
gressive manifestations associated with developmental, 
social, cognitive and other impairment, alongside their 
frequent seizures [1].

Surveys of DS patients and their caregivers have 
found positive associations between improved health-
related quality of life (HRQoL) and reduced frequency 
of seizures [6] and negative associations between the 
presence of manifestations such as motor impair-
ments or behavioural difficulties and better HRQoL [2]. 
Concepts found by clinician ratings to be particularly 
important to the wider impact of DS on patients and 
carers include seizures, patients’ cognitive functioning, 
the caregiver’s daily activities and social functioning of 
the caregiver [9].

The main therapeutic goal for patients with DS is 
managing the frequency of seizures; an additional goal 
is to minimise other manifestations of the syndrome, 
including cognitive disabilities, behavioural difficul-
ties and psychiatric problems [19, 23]. Due to the indi-
vidualised and complex nature of DS, understanding 
and valuing the contribution of a new treatment for 
DS requires insight into patients’ subjective experience 
of treatment, alongside a broad understanding of the 
relationships between symptomatology, as well as their 
experience of seizures and HRQoL. In this study, we 
used an existing data set, collected amongst DS patients 
and their caregivers, combining cross-sectional data on 
physical and psychosocial disease manifestations with 
measures of resource utilisation captured by the Ger-
man social system into composite symptom scores. 
Statistical analyses were then conducted exploring the 
relationships between the composite symptom scores 
and longitudinal data on seizure experience. This study 
examines the use of these scores in a largely paediatric 
cohort, but the methods could be further explored in 
DS patients of all ages in Germany.

Methods
Survey data
Analysis of the survey data on which the current research 
was based has been reported elsewhere [18, 20] [15]. 
The survey collected data until 2018 from paediatric 
and young adult patients with DS and their caregivers in 
regions throughout Germany. Data was collected using 
a retrospective questionnaire and a prospective 12-week 
diary.

In the retrospective questionnaire, caregivers answered 
questions on their child’s behalf about their disease, 
including comorbidities and HRQoL measures. Comor-
bidities measured were chronic infections, disturbance of 
motor skills and movement coordination, attention defi-
cit disorder, delayed speech development, behavioural 
problems, muscular hypotension and cognitive disorders. 
This data was supplemented with information on the 
presence or absence of a disability (Grad der Behinder-
ung) and the child’s care level (Pflegeversicherung), both 
provided by the caregiver but having been independently 
assessed. In Germany, a disability degree [21] score is 
assigned to patients by the social security office (Ver-
sorgungsamt) [5]. A care level is assigned to patients by 
the nursing care insurance system (Pflegeversicherung) 
that includes a mandatory medical assessment by an phy-
sician [13]. HRQoL in paediatric and adolescent patients 
was respectively assessed by the Kiddy KINDL in those 
aged 4–6 years old and by the Kid KINDL in those aged 
7–17 years old [14]. Both instruments measured HRQoL 
based on physical, emotional, self-esteem, relationships 
with family, relationships with friends and schooling 
sub-domains.

In the 12-week-diary, caregivers chronicled their child’s 
day-to-day experiences with DS, including their daily sei-
zure count. Caregivers recorded the number of seizures 
experienced by their child on a daily basis for 12 weeks, 
broken down by type of seizure [18].

The dataset used in the current analysis consisted of 
the 75 subjects who returned both the retrospective 
questionnaire and prospective diary.

measurement of long‑term sequalae of disease is not feasible, such as clinical trials, correlation of the composite score 
with experience of seizures and seizure‑free periods may allow a better contextualisation of the results of short‑term 
assessments.

Trial registration: German Clinical Trials Register (DRKS), DRKS00011894. Registered 16 March 2017, http:// www. drks. 
de/ DRKS00011894.

Keywords: Dravet syndrome, Composite endpoint, Statistical analysis, Seizures, Symptoms, Quality of life
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Seizure measures
Each patient was assigned three 4-week and three 
12-week seizure measures using seizure data from 
the 12-week diary: number of (tonic–clonic) seizures 
(0–363), days in (tonic–clonic) seizure remission (13–84) 
and longest period in (tonic–clonic) seizure remission 
(2–84; defined as the maximum number of consecutive 
days without a tonic–clonic seizure in a 4- and 12-week 
period). Convulsive seizures were defined as tonic–
clonic seizures for the purposes of this study. In addition, 
patients were asked whether they had ever experienced a 
status epilepticus.

The analysis focussed on tonic–clonic seizures as these 
were experienced by a greater proportion of subjects 
than any other single type of seizure and because the 
reported numbers were considered more reliable than 
for other types of seizure. Twelve-week seizure measures 
were considered more reliable indicators of seizure expe-
rience than the four-week equivalents. As the estimate of 
seizure-free interval could be influenced by the trunca-
tion of the data at the end of the 12-week diary period, 
this was the least preferred of the three seizure measures.

HRQoL measures
Each patient was assigned an HRQoL measure, based 
on their caregivers’ responses collected by proxy on the 
Kiddy KINDL (for 4–6  year old children; 37.5–88.3) or 
Kid KINDL (for 7–17 year old children; 26.1–80.2) from 
the questionnaire.

Composite symptom scores
Each patient was assigned a composite symptom score, 
which combine measures of physical and social impact, 
and measures of care requirement. The composite symp-
tom scores were developed based on an existing dataset 
and based on the authors’ judgement rather than empiri-
cal consideration of the measurement properties asso-
ciated with the individual scales or a formal process of 
consultation with experts in the disease area. Three varia-
tions of the composite symptom score were tested:

• Composite symptom score one (CS1): sum of the 
physical domain score and psychosocial domain 
score

• Composite symptom score two (CS2): sum of the 
physical domain score and psychosocial domain 
score and care requirement score

• Composite symptom score three (CS3): sum of the 
physical domain score and psychosocial domain 
score and care requirement score weighted to the 
same range of scores as the physical and psychosocial 
domain scores

In all domain and composite symptom scores, a higher 
score indicates more severe symptoms reported.

Together, the physical and psychosocial domains cap-
tured the comorbidities of the patient. The physical 
domain comprised scores for motor movement problems 
(MM), muscular hypotonia (MH) and muscular spastic-
ity (MS). The psychosocial domain comprised scores for 
behaviour and attention problems (BA), language and 
speech problems (LS) and cognitive disorders (CD). MM, 
MH, MS, BA, LS, CD were based on questionnaire data 
(Table 1).

The care requirement domain comprised a disability 
score (D) and care grades score (CG) and a such, cap-
tured the patient’s resource use. D and SC were based on 
disability and care-level data collected by the question-
naire and re-categorised to a broad composite measure 
on a simple zero-to-six scale to which could be general-
ised to settings beyond the specific German context in 
which the measures were originally applied.

Statistical analyses
To understand the relationship between the compos-
ite scores and seizure profile, linear (OLS) regressions 
were estimated using each of the composite scores as the 
independent variable and each of the continuous seizure 
measures as the dependent variable. Age and gender were 
added as control variables to pick up any variation which 
might be due purely to differences in patient profile.

In addition, multivariate regressions were carried out 
to help explain the variation in Kiddy KINDL and Kid 
KINDL in terms of comorbidities, seizure measures and 
patient demographic characteristics (control variables). 
A step-down regression procedure was implemented in 
which variables were iteratively removed until all vari-
ables remaining in the regression model were signifi-
cant at the 10% significance level. As the Kid KINDL and 
Kiddy KINDL were developed and validated for separate 
age groups, statistical analysis conducted on HRQoL was 
conducted separately for each subsample.

Software
The development of the composite symptom scores and 
all statistical analyses were conducted using STATA 15 
[17]. Figures were created using Microsoft Excel [8].

Results
Seizures and disease severity
Domain and composite scores
The majority of patients had low to medium physical 
domain scores (93% had scores between 0 and 6 on a 
scale of 9) and medium to high care requirement scores 
(92% had scores between 3 and 6 on a scale of 6). Scores 
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in the psychosocial domain were distributed equally 
across low (0–2), medium (4–6) and high (7–9) (Table 2).

The distribution of the three composite symptom 
scores showed few patients having the highest or lowest 
scores, with most patients scoring between 4–15 (CS1) 
and 5–20 (CS2 and CS3) (Fig. 1).

Regression analysis
The regressions of each composite symptom score 
against each of the seizure measures (seizure-free 
intervals, seizure-free days and total seizures) showed 
consistently strong associations. The coefficient on 

composite symptom score was highly significant 
(p ≤ 0.01) in all comparisons, a result which held true for 
both the twelve-week and four-week seizure measures. 
Table  3 presents the results for each composite score 
regressed on each tonic–clonic seizures measure. Neither 
of the two control variables, age and sex, was found to be 
significant (coefficients and P-values not reported here).

The directions of the signs for the coefficients on 
composite scores were as expected. When using total 
number of seizures as the dependent variable, the coef-
ficients on all the composite scores were positive. Those 
with higher disease severity (i.e. higher composite 

Table 1 Composite symptom scores and their components

MM motor movement problems score; MH muscular hypotonia score; MS muscular spasticity score; BA behaviour and attention problems score; LS language and 
speech problems score; CD cognitive disorders score; D disability score; CS care grade score
1 Described legally as a severe disability [21]
2 based on the pre-2017 care level rating expressed on the 1–3 (Pflegebedürftigkeit—Need of care) scale [13]
3 based on Die Pflegestärkungsgesetze I-III—Nursing improvement laws I-III, 2017 [7]

Variable Definition Range of scores

Composite symptom score

CS1 CS2 = MM + MH + MS + BA + LS + CD 0–18

CS2 CS2 = CS1 + D + CG 0–24

CS3 CS3 = CS1 + 1.5 x (D + CG) 0–24

Domain

Physical MM + MH + MS 0–9

Psychosocial BA + LS + CD 0–9

Care requirement D + CG 0–6

Sub-domains

MM 0 = no problem, 1 = minor problem, 2 = moderate problem, 3 = severe problem 0–3

MH 0 = no problem, 1 = minor problem, 2 = moderate problem, 3 = severe problem 0–3

MS 0 = no problem, 1 = minor problem, 2 = moderate problem, 3 = severe problem 0–3

BA 0 = no problem, 1 = minor problem, 2 = moderate problem, 3 = severe problem 0–3

LS 0 = no problem, 1 = minor problem, 2 = moderate problem, 3 = severe problem 0–3

CD 0 = no problem, 1 = minor problem, 2 = moderate problem, 3 = severe problem 0–3

D 0 = no disability ID, 1 = disability score 10–30%, 2 = disability score < 50% and eligible for 
financial compensation, 3 = disability score ≥ 50%1

0–3

CG 0 = not in need of care (level 1)2; reimbursement received €6893, 1 = not in need of care 
(level 1)2; reimbursement received €1,2983, 2 = no care level but in need of care (level 2)2; 
reimbursement received €1,6123, 3 = receiving care (level 3)2; reimbursement received 
€1,9953

0–3

Table 2 Distribution of physical, psychosocial, and care requirement domain scores in survey sample (n = 75)

See Table 1 for definition of physical, psychosocial and care requirement domains

SD standard deviation

Domain Mean (SD) Minimum Maximum Proportion of patients (%) reporting each score

Score 0–3 Score 4–6 Score 7–9

Physical 3.52 (2.10) 0 9 48% 45% 7%

Psychosocial 4.83 (2.62) 0 9 33% 33% 33%

Score 0–2 Score 3–4 Score 5–6

Care requirements 4.35 (1.59) 0 6 8% 39% 53%
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symptom scores) were more likely to experience more 
frequent tonic–clonic seizures, and vice versa. Where 
longest seizure-free interval and total seizure-free 
days were used as the dependent variables, the coeffi-
cients of the composite symptom scores were negative. 
Those with higher disease severity had shorter intervals 

between tonic–clonic seizures and fewer days without 
any tonic–clonic seizures, while those with composite 
symptom scores had longer intervals between tonic–
clonic seizures and more days without any tonic–clonic 
seizures. Figure  2 illustrates the relationship between 
composite symptom scores and seizure measures by 
showing the upward trend in mean CS3 as the number 
of tonic–clonic seizures increases.

Fig. 1 Distribution of composite scores in survey sample (n = 75). Notes See Table 1 for definition of composite scores 1, 2 and 3

Table 3 Regression analysis of composite symptom scores on 12‑week tonic–clonic seizure measures

See Table 1 for definition of CS 1, 2 and 3

CS1 composite symptom score 1; CS2 composite symptom score 2; CS3 composite symptom score 3

Dependent variable: Longest seizure-free interval (12 weeks)

Explanatory variable Coefficient P > t

CS1  − 3.24  < 0.01

CS2  − 2.71  < 0.01

CS3  − 2.38  < 0.01

Dependent variable: Seizure-free days (12 weeks)

Explanatory variable Coefficient P > t

CS1  − 1.52  < 0.01

CS2  − 1.29  < 0.01

CS3  − 1.16  < 0.01

Dependent variable: Total seizures (12 weeks)

Explanatory variable Coefficient P > t

CS1 4.57 0.01

CS2 3.91  < 0.01

CS3 3.51 0.01
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The associations of seizures and other manifestations 
of DS with HRQoL
Using a step-down regression approach to iteratively 
eliminate those variables which did not have a signifi-
cant coefficient in each successive regression equation, 
we obtained slightly different results between the two 
HRQoL measures. In the case of the younger age group 
(4–13 years old, n = 37; Kiddy KINDL), all seizure meas-
ures were removed from the regression by the step-down 
selection procedure and the final model included only 
behavioural/attention problems (p < 0.007) and status 
epilepticus (p < 0.005) as significant predictors of HRQoL 
(Kiddy KINDL) in this data set.

Within the older age group (14–17  years old, n = 20; 
Kid KINDL), speech and language problems were the 
only variable found to be statistically significant at the 
10% cut-off (p = 0.06). As with the Kiddy KINDL, all 

seizure variables had been eliminated in the final model 
after implementation of the step-down selection proce-
dure. Results of regression models estimated using the 
variables remaining at the conclusion of the step-down 
regression are reported in Table 4.

Discussion
Analysis of the relationship between HRQoL, seizures, 
and other manifestations
This study represents the continuation of a body of litera-
ture in DS investigating the relationships between seizure 
experience, the broader manifestations of DS and patient 
HRQoL, as well as its impact on carers. Despite the docu-
mented associations between these three aspects of the 
disease, gaps remain in our understanding of the value 
to patients of treatments which reduce seizure counts. 

Fig. 2 Mean composite symptom score three by seizure count. Notes See Table 1 for definition of CS3. Abbreviation: CS3, composite symptom 
score 3

Table 4 Final HRQoL regression results following the step‑down regression approach

The Kiddy KINDL is an HRQol instrument for children, the Kid KINDL for 7–17 for adolescents

BA behaviour and attention problems score; HRQoL health-related quality of life; LS language and speech problems score

Dependent variable: Kiddy KINDL

Explanatory variables Coefficient t P > t

BA  − 3.93  − 2.9 0.01

Previously experienced a status epilepticus  − 11.94  − 3.03 0.01

Dependent variable: Kid KINDL

Explanatory variables Coefficient t P > t

LS 4.49 2.05 0.06
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In particular, the evidence is inconclusive on the impact 
that a change in seizure metrics can have on broader 
measures of patient functioning and well-being for both 
patients and caregivers.

This is consistent with other research which has found 
several comorbidities to be associated with HRQoL, such 
as seizure control, behaviour, cognitive and motor prob-
lems [2].

In multivariate regression, we found behavioural and 
attention problems, speech and language problems, and 
status epilepticus to be associated with HRQoL. This is 
consistent with previous studies which have found behav-
ioural problems to be a strong driver of HRQoL in DS 
patients [4, 12], with more recently published research 
finding behavioural problems to be the strongest predic-
tor of HRQoL in DS [16]. Our finding that behavioural 
problems were significantly related to the Kiddy KINDL 
but not the Kid KINDL may, however, be symptomatic of 
the difficulties of interpreting regression results with the 
small sample sizes available, as the analysis was unable 
to detect a significant relationship for a number of other 
variables. Previous analysis of HRQoL in this sample 
found that children with DS scored comparatively poorly 
in the physical wellbeing, friends, and schooling domains 
as compared with patients with refractory epilepsy with-
out encephalopathy [18, 20]. This may indicate that these 
domains are influenced by the comorbidities unique to 
DS which are not found in other epilepsies.

Although multivariate regression is the theoretically 
most robust approach to analysing variation in HRQoL, 
the restricted sample size is only one of several chal-
lenges with collecting and reporting HRQoL data in 
this context. A further significant consideration when 
attempting to measure and value treatment benefits in 
DS is the conceptual and practical difficulties in assess-
ing HRQoL experienced by paediatrics and young adults, 
particularly at younger ages and when collected by proxy. 
In DS patients, who typically experience cognitive and 
communication difficulties, these issues are likely to be 
magnified.

General disease severity and seizures
With these caveats in mind, the relationships between 
seizures and the broader manifestations of DS formed 
the focus of the analysis in this study. The significant rela-
tionships found between seizure measures and composite 
scores suggest that extended periods of seizure remission 
(whether expressed in terms of seizure frequency or peri-
ods free of seizures) are associated with overall better 
physical and psychosocial functioning in DS. Those who 
experienced the more severe seizure symptoms of DS 
were also likely to experience more severe non-seizure 
manifestations. This highlights the potential contribution 

that earlier and more effective use of interventions to 
prevent seizures may make, not only in reducing an 
acute hazard to health from injury or death, but also in 
its impact on the broader multidimensional aspects of 
DS [2]. Furthermore, although longer term evidence is 
needed, it may be hypothesised that early use of inter-
ventions that reduce seizure frequency and create longer 
intervals of time between seizures might alter the pro-
gressive course of DS.

DS is a complex disease with multiple clinical manifes-
tations. Therefore, single symptoms, including seizure 
frequency, can provide information about individual 
aspects of the underlying disease, but the development 
of a true picture of disease severity relies on an under-
standing of all the clinical effects. The advantage of a 
composite score is that it can allow for heterogeneity in 
DS patients’ symptomatology [3] whereby the severity 
of the disease’s effects can vary between patients on the 
different individual manifestations of DS. While previ-
ous research has found the magnitude of cognitive and 
behavioural impairment of patients with DS to be related 
to seizure frequency [6], and the current study found a 
relationship between seizures and some broader manifes-
tations of DS, this was not replicated across all measures. 
For example, we failed to find a consistent relationship 
between seizure measures and speech and language 
problems.

The possibility of extrapolating a patient’s disease 
characteristics from their experience of convulsive (in 
particular tonic–clonic) seizures suggests a means of 
exploring the connection between a treatment’s impact 
on seizures and HRQoL. Clinical trials may be able to 
demonstrate short-term effects in terms of seizure reduc-
tion but may lack the sample size or the duration of 
follow-up to assess the broader and mid to longer-term 
impacts of treatment. The options for collecting signifi-
cant amounts of data using wide-ranging surveys with 
multiple measures of disease impact are generally not 
available when choosing outcome measures for use in 
the trial setting. In this context, it is potentially useful to 
explore summary measures which are able to encompass 
the global burden of disease.

This study resonates with the search by Nabbout et al. 
[9] for a limited set of clinically meaningful endpoints 
which can potentially be measured and detect change 
over time with treatment in DS. In addition to seizures, 
they propose patient cognitive functioning (expressive 
and receptive communication) alongside caregiver daily 
activities and caregiver social functioning as measures 
which could usefully be incorporated into clinical trials 
[11] [10]. In the future, it is envisaged that the chosen 
endpoints could be collapsed into a single endpoint for 
use in clinical trials [9]. The research presented in this 
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study complements that of Nabbout et al. by suggesting 
that it may be possible to use evidence on seizure experi-
ence as a proxy for a broad set of impacts which can be 
summarised on a single scale. The ideas presented here 
may be extended to develop composite symptom meas-
ures in other developmental and epileptic encephalopa-
thies, such as Lennox-Gastaut syndrome and tuberous 
sclerosis complex (TSC). Recent cross-sectional studies 
of TSC patients in Germany may provide a data source 
for further research in this area [22, 24]. In addition, fur-
ther research is needed for all developmental and epilep-
tic encephalopathies to understand the effect of seizure 
limiting anti-epileptic drugs on non-seizure composite 
scores.

Limitations of the analysis
The main limitation of the current study in attempting 
to explain variations in HRQoL was, as already noted, 
the small number of subjects available. The matching of 
questionnaire and diary samples reduced the overall sam-
ple from 93 to 75 while restricting further to children and 
young people limited the number to 57 who completed 
either the Kiddy KINDL assessed in 4–6  year olds (37 
respondents) or Kid KINDL assessed in 7–17-year olds 
(20 respondents). The separate regressions estimated in 
each group therefore need to be interpreted with caution.

Secondly, where data on HRQoL was limited by sam-
ple size, prospective diary data on seizure experience 
was limited by the time horizon over which it was col-
lected. As seizure data was restricted to twelve weeks, 
this resulted in some truncation in the seizure distribu-
tions, with a sizeable proportion of the sample reporting 
few to no seizures in the twelve-week period. This could 
result in the regressions underestimating the significance 
of the relationship between seizure measures and other 
variables and limits the generalisability of the results to 
those patients who experience more infrequent seizures. 
However, it does constrain the length of time between 
responses to the questionnaire and the diary, giving reas-
surance that the data collected in each was consistent. 
Further longitudinal research recording other disease 
manifestations in addition to seizure experience over 
longer time horizons is needed to extend the conclusions 
of these analyses to those DS patients experiencing less 
frequent seizures.

Conclusions
This research has used the re-analysis of a real-world 
observational dataset combining retrospective caregiver 
assessments of the way in which DS manifests itself in a 
sample of children and young people, together with pro-
spective diary data on seizure experience, to explore the 

links between seizures, the broader manifestations of DS 
and patient HRQoL.

Composite measures constructed from a combination 
of individual comorbidity measures were found to have 
consistently significant associations with seizure meas-
ures and so may play an important part in the scoring 
of patients to establish their clinical requirements and 
treatment goals. In the clinical setting, we propose that 
a summary measure which captures a wide range of 
disease manifestations can be used to classify patients 
for the purposes of assessing their holistic disease 
burden. A simple additive combination of caregiver-
assessed comorbidity measures together with weighted 
care level and disability scores, such as in our CS3, can 
provide useful additional information about the overall 
health and well-being of DS patients. Although disabil-
ity and care need, in the current data set, are assessed 
by independent administrative bodies, the simplified 
0 to 3 scaling is potentially transferrable to a range of 
other settings. Real-world evidence on the distribution 
of patients between care or disability categories such 
as those used here could also provide indicative bench-
marks for categorising other patient groups.

Correlation of the composite score with seizure expe-
rience might be used to capture a more rounded view of 
the value of seizure reduction in DS in settings, such as 
clinical trials, where broad assessments may be infea-
sible or studies are of insufficient duration to record 
longer-term changes in patient health. In addition, this 
approach may help to address some of the conceptual 
and measurement issues in assessing HRQoL in groups 
such as children and young people with DS. To our 
knowledge this is the first study to quantify a patient-
focused measure of the non-seizure manifestations of 
DS for statistical analysis against measures of seizures 
and seizure freedom. Further research is needed to 
investigate the issues it raises, such as the importance 
of seizure freedom independently of seizure counts, 
and to validate its approach towards understanding 
the subjective experience associated with the complex 
array of impacts comprising DS.
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