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Abstract
Limited research has investigated the challenges faced by families caring for children with neuronal ceroid lipofuscinosis type 2 
(CLN2) disease. Face-to-face, mixed-method, in-depth surveys were conducted with 19 families (23 children) in the UK (n=9) and 
Germany (n=10) to assess the impact of caring for children with CLN2 disease, using national wellbeing and quality of life (QoL) 
measures. Primary (n=19) and secondary (n=10) caregivers, adult siblings (n=2), and child siblings (n=2) were included. Caregivers 
reported reduced health-related QoL compared with age and gender-matched controls (mean utility scores 0.08 and 0.11 lower 
in Germany and the UK, respectively). Hours of caregiving were significantly higher relative to that provided to a child of normal 
health, with stress, back pain, and reductions in sleep being recorded. Lower life satisfaction and happiness with partners were 
also reported, along with significant financial burden. Those caring for children in the late stage of disease were more greatly 
impacted than those with children in the rapidly progressive stage, or who were bereaved. The results of this study make clear 
the importance of emotional and practical support for caregivers and siblings coping with CLN2 disease.
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Background

Neuronal ceroid lipofuscinosis type 2 (CLN2) disease is part 
of a group of rare, progressive, degenerative, neurometabolic 
disorders called neuronal ceroid lipofuscinoses (NCLs; also 
known as Batten disease) [1–3]. This rare, autosomal recessive 
disorder is caused by pathologic variants (mutations) in the TPP1 
gene (also known as the CLN2 gene) which lead to deficiency of 
an enzyme called tripeptidyl peptidase 1 (TPP1). The deficiency 
of TPP1 results in abnormal levels of storage materials in neurons 
and other cells, and ultimately neuronal loss in the central 
nervous system [4–5].

Onset of CLN2 disease generally begins when the child is aged 
2–4 years, followed by a rapid decline in motor and language 
abilities [6]. The first symptoms frequently reported are seizures; 
however, a significant delay in language development often 
precedes the first seizure [7]. Affected children have usually lost 
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their language ability, are non-ambulant and are suffering from 
a severe movement disorder with myoclonus and dystonia by 
the age of six years. Life expectancy of those with CLN2 disease 
varies from between six years and the early teenage years. 

Due to the rarity of the disease, epidemiological data on 
CLN2 disease is limited. Based on the few available reports, the 
worldwide prevalence is estimated as 0.75 per million population 
with a 0.5 incidence rate per 100,000 live births [8–10]. A study in 
the UK found that the prevalence of CLN2 disease was 0.31 per 
million population with a birth incidence of 0.78 per 100,000 live 
births [8]. The Batten Disease Family Association (BDFA) have 
estimated that between 30 and 50 children have CLN2 disease in 
the UK, with five to six children being diagnosed each year [11]. 
In Italy, 183 patients with NCLs were recruited over a 13-year 
period, and when 124 of these patients were tested for known 
NCL genes, CLN2 disease was diagnosed in 24% of cases [12]. 

Curative treatment for CLN2 disease does not currently 
exist. Replacement of the deficient enzyme (using cerliponase 
alfa; Brineura®), has been found to slow decline in motor and 
language function in patients with CLN2 disease [13] and, 
following completion of the study reported here, this therapy 
was approved for use by the Food and Drug Administration 
(FDA) [14] and European Medicines Agency (EMA) [15]. Further 
therapies, including gene therapy and various pharmacological 
agents, are in pre-clinical and clinical development [16–19].

Life-limiting conditions such as CLN2 disease, cystic fibrosis, 
Duchenne muscular dystrophy, spina bifida or cerebral palsy 
have a multidimensional impact, influencing physical, emotional, 
financial, and spiritual dimensions of the life of the families 
involved in caring for children with the disease [20–27]. Families 
caring for those with life-threatening illnesses can experience 
changes in work patterns, income, and domestic duties [27]. 
Parents and siblings may require specialist health knowledge, 
caregiving skills, and resources beyond those normally required 
when caring for a healthy child [22, 28–30]. Caregivers may 
experience negative feelings (grief, upset, anger, and frustration) 
and may feel frustrated with the professional support they receive 
to deal with mental health issues [31]. 

Limited research has been undertaken to investigate the 
specific challenges faced by families caring for children affected 
by CLN2 disease. A UK survey of families with children with 
life-limiting conditions, including nine families with Batten 
disease, found that symptoms that led to parental exhaustion or 
were difficult to control, were the most challenging to manage for 
caregivers [21]. In studies conducted by UK- and US-based NCL 
patient advocacy organizations, parents have reported diagnostic 
delays, with many parents feeling frustrated with the support 
they have received from healthcare professionals (HCPs), and 
significant financial and social impacts as they care for their child 
[32]. However, none of these studies have specifically looked at 
CLN2 disease or quantified the burden of disease affecting the 
caregivers in relation to the normal population. 

Aims

The aim of this study was to explore the challenges that families 
face and their health-related quality of life (HRQoL) when living 
with and caring for a child or children affected by CLN2 disease. 

Methods

Overall Study Design

This study, which was conducted between January 2015 and 
July 2016, comprised a development stage involving a targeted 
literature review and focus group discussions (conducted in 
the UK), followed by mixed-method, in-depth family surveys 
(conducted in the UK and Germany). The surveys comprised 
interviewer-led, open, qualitative and multiple choice questions, 
and self-completed pre-existing quality of life (QoL) measures 
[33–40] for quantitative analysis, including comparisons to 
population norms where available.

Development Stage

A targeted literature review was conducted in January 2015 to 
assess the current understanding of caregiver and sibling burden 
for those with a child with CLN2 disease or other rare, genetic, 
life-limiting condition. The results were used to inform the study 
protocols and survey development. Focus groups explored the 
challenges families face in living with and caring for a child or 
children with CLN2 disease, and the impact of the loss of a child 
or children with CLN2 disease. The focus group consisted of 
eight females and three males from six families, corresponding 
to four children who were still alive, and four deceased children. 
Six participants reviewed the family background form and draft 
caregiver and sibling surveys. One sibling aged 12 years provided 
feedback on the sibling survey in a one-on-one interview. The 
outcomes of the focus group discussions were used to inform 
the study protocol and finalize the survey questions. These 
included questions from national wellbeing surveys, to assess 
caregiver burden by comparison to age-matched controls from 
the general population (described further below). These were 
also reviewed by clinical and patient group experts. The surveys 
were developed in English and the final version was translated 
into German.

Surveys

In the adult caregiver survey, HRQoL was assessed using 
EuroQoL five-dimension, 5-level questionnaire (EQ-5D-5L) 
measures and by asking five domain questions and visual analog 
scale questions [35]; Quality of Life During Serious Illness – 
Family Caregivers (QOLLTI-F), 16 items [37]; Pediatric Quality 
of Life Inventory – Family Impact Module (PedsQL-FIM), 36 
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items in eight domains [38]; happiness as a single item from 
the European Social Survey [41]; and a list of 24 study-specific 
physcial and emotional impact items. Impact on sleep and 
number of hours providing care were assessed using single 
items from the Understanding Society survey [33] and a multiple 
choice question about feeding and nutrition. 

Support given to the child with CLN2 disease was assessed 
using four study-specific multiple choice questions (ranging from 
1-14 items). Support for caregivers was assessed using one multiple 
choice study-specific question with 12 items. Happiness with 
partners was assessed using a single item from the Understanding 
Society survey [33]. Financial management was also assessed 
using a single item from the Understanding Society survey [33] 
and a study-specific multiple choice question about funding of 
home purchases for adaptations. Work productivity was assessed 
by the six-item Work Productivity and Activity Impairment 
measure [34], and two study-specific questions (one a list of 14 
work-related impact items). Throughout the survey, qualitative 
questions were included and results provide insight and depth 
to the quantitative measures and items used. Many of these 
measures and items were also used for the adult sibling survey but 
there was more difference to the child sibling survey. The survey 
contents are outlined in Table 1, and the various QoL measures 
including those from national wellbeing surveys are described 
in Table 2. In summary, the survey assessed the following: 
HRQoL, sleep, hours spent caregiving, support to the child and 
caregiver, happiness with partner, financial management, and 
work and activity impairment. This was based on a combination 
of study-specific questions and standardized patient-reported 
outcomes (PRO) tools, as well as items taken from national 
wellbeing measures, to facilitate comparison with the general 
population. A copy of the three surveys can be found in the 
Supplementary Material files 1-3.

Survey: demographic assessment 

Demographic questions were developed for self-completion 
separately from conduct of the survey. One caregiver per family 
completed questions concerning the family’s demographics 
and the demographics of the child(ren) with CLN2 disease. For 
current caregivers, a study-specific adaptation of the Hamburg 
late-infantile (LI)NCL Scale was used to assess the disease stage 
of the affected child. The Hamburg Scale is a clinician-reported 
measure used to assess disease progression by scoring motor 
function, visual function, language function, and frequency of 
Grand Mal seizures of the child. Possible scores on each domain 
are between 0 and 3 leading to a maximum score of 12, where 
lower scores overall, generally reflect later disease stage [43]. 
However, lower scores on the vision and seizure domains are 
not equivalent to disease progression on the motor and language 
domains. These questions were adapted for caregiver completion 
in several ways to make them more layperson friendly, first, by 
presenting each of the four domains as questions instead of the 

table format (e.g. ‘Is your child with CLN2 able to walk normally’ 
which replaced ‘Motor’). Second, parents were instructed to ‘tick 
one’ box which replaced the 0-3 scale on the table. Third, response 
options were slightly rephrased to better align to the question 
format in the Motor domain: following the question ‘Is your child 
with CLN2 able to walk normally’ two options were prefixed 
with ‘yes’ (‘yes’ and ‘yes, with frequent falls or with obvious 
clumsiness’) which replaced table format, ‘Walks normally’ 
and ‘Frequent falls, obvious clumsiness’. Fourth, a few linking 
words were added in two response options (e.g., ‘Recognizes and 
grabs at desirable objects’ replaced ‘Recognizes desirable object, 
grabs at it’). Fifth, other types of minor modification were made 
to make them more layperson friendly (‘No visual function’ 
replaced ‘No reaction to visual stimuli’), to add greater specificity 
(‘Reacts to light only’ replaced ‘Reacts to light’; ‘Never’ replaced 
‘No seizures in 3 months’), and to replace mathematical symbols 
(‘More than’ replaced ‘>’). These caregiver ratings were to be 
supplemented with expert clinical review of video recordings 
of the child using the Hamburg Scale. Questions used in a 
previous study [44] relating to the amount of assistance the 
child required for various activities (e.g., eating, bathing, or 
toileting) were also completed.

The study protocol and materials were reviewed and approved 
by an Institutional Review Board (Salus IRB, protocol numbers 
0439-0037 and 0439-0037-Phase 2) and by a local ethics board 
in Germany (Ethikkommission der Ärztekammer Hamburg, 
study reference PV5057). 

Eligibility, recruitment, and consent

Eligible participants were family members (adult caregivers, adult 
siblings, and child siblings) who currently, or had previously, 
cared for a child or children with CLN2 disease and whose child 
or children had not taken part in any previous or current clinical 
trial for CLN2 disease. Recruitment into the study was assisted 
by the patient advocacy organizations and clinical centres (BDFA 
[UK] and NCL-Gruppe Deutschland e.V. [Germany]) as well as 
the NCL specialty clinic at the Children’s Hospital, University 
Medical Center Hamburg-Eppendorf (Germany). Individuals 
voluntarily agreed to take part and gave their written informed 
consent at the commencement of the study. Child participants 
provided their written assent and a parent provided their proxy 
consent.

Administration

Researchers conducted the survey in person with one family 
member at a time, in the participant’s home or other agreed 
venue. The surveys were audio recorded and transcribed verbatim 
for qualitative analysis. German audio data were transcribed 
directly into English. Quantitative data were entered onto a 
study-specific database in Excel. Quality control checks were 
applied to all study data prior to analysis. 
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Table 2. Descriptions of national wellbeing and quality of life measures used in the survey

Measure Description

ESS [41] A survey that assesses the attitudes, beliefs, and behavior patterns of the various populations in Europe. One overall 
happiness question from ESS included in the study survey (adults only).

Understanding Society survey [33]
A survey used in the UK Household Longitudinal Study (UKHLS). Five items assessing finances, home, relationship, 
sleep, and QoL were included in this study (adult caregivers only). Two items (sleep and QoL) were used with adult 
siblings. One child-specific item (happiness) was used for child siblings.

WPAI:SHP [34]

Six-item measure to assess the number of hours worked, productivity at work, and the ability to do day-to-day 
activities. Four scores were derived: percentage of absenteeism, percentage of presenteeism (reduced productivity 
while at work), an overall work impairment score that combines absenteeism and presenteeism, and percentage of 
impairment in activities performed outside of work. Greater scores indicate greater impairment.

EQ-5D-5L health questionnaire [35] A five-dimension measure to assess the level of mobility, self-care, usual activities, pain/discomfort, and anxiety and 
depression on the day of the survey. The five-level version was used.

EQ-5D utility score [35]

Combining the dimensions can generate an overall utility score. This is based on a social tariff which applies 
population preferences to the EQ-5D state [31]. For Germany, a tariff representing social values or preference 
weights was available for the three level EQ-5D only. 
For the UK, a social tariff was available for both versions, but the new EQ-5D-5L social tariff had not yet been 
endorsed. Therefore, a mapping algorithm was used to predict (cross-walk) the EQ-5D-3L score from the EQ-5D-
5L version.
Anchored at 0 (equivalent to dead) to 1 (full health).

Table 1. Outline of survey content.

Adult Caregiver Survey Adult Sibling Survey Child Sibling Survey

Study-specific questions relating to:
	y the child or children with CLN2 disease 
	y caring role
	y nutrition and feeding
	y employment
	y finances and home
	y relationship
	y social life
	y health
	y sleep 
	y support 
	y QoL
	y loss of a child (bereaved families only)
	y sibling without CLN2 disease (where 
appropriate)

	y family planning
	y positive impact

Items taken from the following national 
wellbeing measures:

	y Understanding Society survey (five items 
to assess finances and home, relationship, 
sleep and QoL)

	y ESS (one happiness question)

Caregivers completed the following QoL 
measures: 

	y EQ-5D-5L 
	y PedsQL-FIM 
	y WPAI:SHP 
	y QOLLTI-F

Study-specific questions relating to:
	y life with a sibling with CLN2 disease
	y their life
	y employment
	y finances
	y health
	y QoL
	y loss of a child (bereaved families only)
	y family planning
	y positive impact

Items taken from the following national 
wellbeing measures:

	y Understanding Society survey 
(two items about sleep and QoL)

	y ESS (one happiness question)

Adult siblings completed the following QoL 
measures: 

	y EQ-5D-5L 
	y PedsQL-FIM
	y WPAI:SHP 
	y QOLLTI-F 

Study-specific questions relating to:
	y interactions with their sibling with CLN2 
disease

	y knowledge of CLN2 disease 
	y everyday life

An item taken from the following national 
wellbeing measure:

	y Understanding Society survey (a general 
question about the child’s degree of 
happiness. Responses were scored 1–7 
based on smiley faces for illustration)

Child siblings completed the following QoL 
measure: 

	y KIDSCREEN-27 

CLN2, ceroid lipofuscinosis neuronal type 2; EQ-5D-5L, EuroQoL five-dimension, five-level questionnaire; ESS, European Social Survey; 
KIDSCREEN-27, Child and Adolescent Version; PedsQL-FIM, Pediatric Quality of Life Inventory – Family Impact Module (v2); QOL, quality of 
life; QOLLTI-F, Quality of Life During Serious Illness – Family Caregivers; WPAI:SHP, Work Productivity and Activity Impairment Questionnaire: 
Specific Health Problem (v2).
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Measure Description

EQ-5D VAS [35] A visual analog scale used along with the EQ-5D to assess overall health of the adult participants, where 0 = “worst 
possible life” and 100 = “best possible life”.

QOLLTI-F [37] A 16-item measure to assess the state of caregiver, patient well-being, quality of care, outlook, environment, 
finances, and relationships. Used a 0 to 10 Likert scale, with higher values indicating a higher quality of life.

PedsQL:FIM [38]

An eight-domain measure to assess physical functioning, emotional functioning, social functioning, cognitive 
functioning, communication, worry, difficulty for the family in relation to daily activities, and family relationships over 
the past month. 
A parent quality-of-life sub-scale measured parent self-reported physical, emotional, social, and cognitive functioning.
A modified parent quality-of-life sub-scale also including communication. Score from 0 to 100, with higher scores 
indicating better quality of life.

KIDSCREEN-27 [39, 40]

Twenty-seven self-reported items which assess health and physical activities, mood and feelings, family and free time, 
friends and school, and learning. Validated for individuals aged 8–18 years.
The KIDSCREEN-27 was mapped onto CHU-9D. A quality-adjusted life-year (QALY) score was then generated, 
where 0 corresponded to dead and 1 corresponded to full health-related quality of life. 

CHU9D [42]
A nine-dimension measure which includes worried, sad, pain, tired, annoyed, school work/homework, sleep, daily 
routine and ability to join in activities. Each dimension has five levels. Combining the dimensions generates an overall 
utility score. 

CHU9D, Child Health Utilities Nine Dimensions questionnaire; EQ-5D, EuroQoL five-dimension questionnaire; EQ-5D VAS, EuroQoL visual 
analog scale; EQ-5D-5L, EuroQoL five-dimension, five-level questionnaire; ESS, European Social Survey; KIDSCREEN-27, Child and Adolescent 
Version; PedsQL:FIM, Pediatric Quality of Life Inventory – Family Impact Module (v2); QOLLTI-F, Quality of Life During Serious Illness – Family 
Caregivers; UKHLS, UK Household Longitudinal Study; WPAI:SHP, Work Productivity and Activity Impairment Questionnaire: Specific Health 
Problem (v2).

Table 2. Cont.

Analysis

Demographic data were summarized using descriptive statistics. 
Quantitative data from completion of the national wellbeing 
and QoL measures were analyzed using Stata software. Adult 
siblings (n=2) were added to the caregiver dataset for analysis 
of HRQoL and work productivity (as reported below). For the 
EQ-5D-5L, two utility scores were generated: one from the new 
EQ-5D-5L tariff for the UK, and one based on the cross-walk 
mapping onto the EQ-5D-3L using the UK cross-walk and the 
German cross-walk for the two countries, respectively. Outcome 
measures between the adult caregivers and a comparison group 
from the Understanding Society cohort general population and 
a cohort of parents caring for an unwell child (where available) 
were analyzed using the two independent samples t-test. A 95% 
confidence interval for estimated mean differences between the 
groups was calculated and P-value reported. The comparison 
group from the general population was matched according 
to age and gender, with some comparisons between parents 
of children that were the same age. Subgroup analysis was 
conducted by child’s disease stage (informed by the caregiver-
completed Hamburg Scale questions) or bereavement status, and 
by country. The total scores of the Hamburg Scale were classed 
as early stage (6/12 total score, with a minimum combined score 
of >5 on motor and language scores), rapidly progressive stage 
(3–5/12 total score), or late stage (0–2/12 total score). Survey 
transcripts were uploaded into qualitative software (MAXQDA 
version 11) and codebooks developed to ensure consistency in 
coding of qualitative data. Coded qualitative data were analyzed 
thematically and all analyses were reviewed by a statistical expert.

Results

Participant and Family Characteristics

In total, 25 families were identified by the BDFA and NCL-
Gruppe who met the eligibility criteria. Two of these families 
decided not to take part for personal reasons and four families did 
not reply to the study invitation. Nineteen different families in the 
UK (n=9) and Germany (n=10) took part in the surveys that were 
conducted between September 2015 and February 2016 (Table 3). 
The sample consisted of 19 primary caregivers (15 females, 4 
males), 10 secondary caregivers (3 females, 7 males), 2 adult 
siblings (both female) and 2 child siblings (both female), and 
corresponded to 12 children with CLN2 disease who were still 
alive, and 11 deceased children. Of the 19 participating families, 
the majority (10/19, 53%) comprised two study participants; seven 
families comprised one study participant, and two families had 
three participants. Ten families (53%) were caring for one child 
with CLN2 disease; five families (26%) had lost one child with 
CLN2 disease; two families (11%) had lost one child with CLN2 
disease and were caring for a second child with CLN2 disease; 
and two families (11%) had lost two children with CLN2 disease. 

While patients could be classified into three stages (early, 
rapidly progressive, late) in general, no patients in this sample fell 
into the early stage (total score ≥10 with a minimum combined 
score of 5 on motor and language domains). Therefore, the 12 
families (63%) currently caring for a child or children with 
CLN2 disease were classified into either rapidly progressive stage 
(n=4, total score ≥3) or late stage (n=8, total score 0–2 with 0 on 
the motor or language domains) on the basis of the caregiver-
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Table 4. Demographic details of the children with CLN2 disease

Children Alive Children Deceased

UK 
(n=6)

Germany 
(n=6)

UK 
(n=6)

Germany 
(n=5)

Mean current age/age at death (SD), 
years [range in years]

5.67 (1.75)
[4–9]

13 (7.35)
[6–26]

9 (2.19)
[6–12]

11.15 (2.41)
[9–15]

Mean age at diagnosis (SD), years 
[range in years]

3.17 (0.75)
[2–4]

6.29 (5.38)
[2–16]

4 (1.55)
[1–5]

2.55 (1.66)
[0*–4]

Male/female, no. 3/3 3/3 3/3 0/5

Mean of the Hamburg LINCL Scale 
score (SD)

0.75 (1.07), 
range 0–7

0.25 (0.53),  
range 0–3 NA NA

*Caregiver indicated child was diagnosed with CLN2 disease aged 2 months. LINCL, late-infantile neuronal ceroid lipofuscinosis; NA, not 
applicable; SD, standard deviation; UK, United Kingdom.

completed Hamburg Scale. The other seven families (37%) were 
classified as bereaved. In the UK, families were spread across 
the three groups. In Germany, families were mainly caring for 
children who were in the late stage, or were bereaved. 

The mean staging score of the 12 living children (Table 4) 
indicates that they were generally in the later stages of CLN2 
disease and severely impacted by the disorder.

Health-related Quality Of Life

EQ-5D utility scores indicated that UK and German caregivers, 
including adult siblings, experienced a reduced HRQoL 
compared with age and gender-matched controls. German 
caregivers had mean EQ-5D utility scores 0.08 below their 
age/gender population norm (p<0.05), and UK caregivers 

Table 3. Demographic details of family members 

Primary Caregiver Secondary Caregiver Sibling

UK
(n=9*)

Germany 
(n=10)

UK
(n=5)

Germany
(n=5**)

UK
(n=3)

Germany
(n=1)

Relationship to child:

Mother 8* 7 0 1 NA NA

Father 1* 3 3 3 NA NA

Life partner 0 0 0 1 NA NA

Other relative/Sibling 0 0 2 0 3 1

Mean age, years (SD) 39.89 (9.55) 45.40 (6.50) 44.60 (14.33) 45.80 (6.76) 14.67 (6.11) 10.00

Ethnicity:

White European/Other 7/2 10 5 5 3 1

Employment:

Full-time/Self-employed 1 4/1 3 2/1 0 0

Employed part time due to caring 
role/other reason 1 /1 2/0 0 0 0/1 0

Temporarily unable to work 
because of care role/voluntary 
work <16 hours per week

4/2 0/0 1/0 2/0 0/0 0/0

Not working (due to personal 
choice, seeking paid work or 
student)

0 3 1 0 2 1

The UK sample comprised 9 families in the UK, with a total of 17 individuals. The German sample comprised 10 families, with a total of 16 
individuals. *Both the mother and father in one family considered themselves a primary caregiver. **Caregiver primary or secondary status 
was missing from one participant. For descriptive purposes here they were classified as a secondary caregiver as their spouse had indicated 
themselves as a primary caregiver. NA, not applicable; SD, standard deviation; UK, United Kingdom.
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had an EQ-5D utility score 0.11 lower (p<0.01) (Figure 1). The 
majority of caregivers reported at least slight problems with pain/
discomfort (n=21, 68%) and/or anxiety/depression (n=22, 71%); 
approximately one third of caregivers reported at least slight 
problems with usual activities. No problems were reported by 
most with self-care (Table 5). 

The QoL of caregivers was lower in the UK than Germany 
by QOLLTI-F and PedsQL-FIM results (Table 6). 

Caring for a child with CLN2 disease had an impact on a 
caregiver’s physical wellbeing, with many participants reporting 
a significant impact on their physical health in relation to stress 
(90%), lack of sleep (93%) and back pain (66%) (Figure 2A). 
Across both UK and German caregivers, the majority placed 
the needs of their child before their own (83%), indicated that 
they felt burdened (66%) and experienced anxiety (52%); yet 
many also experienced a more positive outlook (41%; especially 
in Germany) (Figure 2B). Two caregivers reported that they felt 
burdened and anxious, but were keen to specify that this was 
because of the situation rather than because of their affected 
child. Caregivers reported “having to get on with it” (UK3) and 
although they felt very sad and upset at times, they had learned 
to accept the situation as it was and deal with it.

Impact on Sleep Patterns

When compared with normative data from parents who cared 
for a sick or disabled child, parents with a child with CLN2 
disease had significantly fewer hours sleep per night (mean 
5.4 vs. 6.2 hours; p<0.01; Table 7 and Figure 3A). Compared 

with parents with a child of the same age, caregivers of a child 
with CLN2 disease reported 1.3 fewer hours sleeping per night 
(p<0.01, Table 7). 

Those caring for a child in the late stage of disease had slightly 
less sleep than those caring for a child in the rapidly progressive 
stage (4.8 vs. 6.0 hours, Figure 3A). Caregivers described how 
they “sleep with one eye open” (C24) and that they “never really 
[...] switch off to it” (C20). Often there was variation every night 
in how easily children went to sleep, as well as frequency and 
nature of their night-time waking (e.g. seizures, screaming). 

Caregiving Hours

Compared with parents with a child of the same age, caregivers 
of a child with CLN2 disease (both UK and German combined) 
reported significantly more caring hours per week (mean 73.4 
hours; p<0.01, Table 7). Primary caregivers of a living child 
reported a substantially higher carer load than secondary 
caregivers (95.5 vs. 49.8 hours). The hours caring for a child 
with late-stage disease were significantly more than the hours 
spent caring for a child in the rapidly progressive stage (99.0 
vs. 42.6 hours, p<0.05; Figure 3B). Mothers typically reported a 
higher carer load than fathers (85 vs. 68 hours), which reflected 
that generally they were the primary caregiver. Difficulties 
were also reported with feeding and nutrition (see Table 8 and 
Supplementary Material file 4). Across the disease trajectory, 
higher caregiving hours were driven by frequent hospital 
appointments and a larger number of medications to administer 
to the affected child; late-stage disease was characterized by 
recurrent hospital admissions and physical support of the child 
as motor function deteriorated.

Support Given to the Child with CLN2 Disease

Most participants felt their child or children with CLN2 disease 
were able to see all the  HCPs they needed; however, there was 
still about a quarter overall that did not feel this was the case, 
and this was slightly higher in Germany than the UK.

Several caregivers reported how the quality of support and 
care they received from HCPs (e.g. nurses, pediatricians and 
other specialists, and school support staff) differed between 
professional groups (see Supplementary Material file 4) and 
individuals, and that this was linked to HCPs’ knowledge of CLN2 
disease. In addition to lack of knowledge, negative experiences 
with physicians were related to the physician’s inability to listen 
empathically, dissatisfaction with their communication style and 
diligence, as well as the perceived low level of genuine interest 
taken in the child with CLN2 disease and their family.

Generally, caregivers in the UK were satisfied with the 
current level of care and support their affected child received 
from the various general service areas (disability benefits, 
education services, medical care and social services) (Figure 4).  
One caregiver felt lucky with the level of support and how the 
area they lived in was “very well set up for people with disabilities” 

Figure 1. HRQoL measured using the EQ-5D-5L questionnaire 
cross-walk into EQ-5D-3L in caregivers in the United Kingdom 
and Germany compared with age/gender-matched controls [31]. A 
score of 1 indicates “perfect health”, a score of 0 indicates “death” 
(includes adult siblings). EQ-5D-3L, EuroQoL five-dimension, three-
level questionnaire; EQ-5D-5L, EuroQoL five-dimension, five-level 
questionnaire; HRQoL, health related quality of life.
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Table 5. EQ-5D analysis by dimension with UK and Germany combined (including adult siblings)

Total
(n=31)

Rapidly 
progressive stage

(n=6)

Late stage
(n=15)

Deceased
(n=10)

Mobility

No problems 24 (77%) 4 (67%) 11 (73%) 9 (90%)

Slight problems 5 (16%) 1 (17%) 3 (20%) 1 (10%)

Moderate problems 2 (6%) 1 (17%) 1 (7%) 0 (0%)

Self-care No problems 31 (100%) 6 (100%) 15 (100%) 10 (100%)

Activities

No problems 20 (65%) 3 (50%) 8 (53%) 9 (90%)

Slight problems 8 (26%) 2 (33%) 5 (33%) 1 (10%)

Moderate problems 2 (6%) 1 (17%) 1 (7%) 0 (0%)

Severe Problems 1 (3%) 0 (0%) 1 (7%) 0 (0%)

Pain

No problems 10 (32%) 1 (17%) 4 (27%) 5 (50%)

Slight problems 14 (45%) 4 (67%) 6 (40%) 4 (40%)

Moderate problems 6 (19%) 1 (17%) 4 (27%) 1 (10%)

Severe Problems 1 (3%) 0 (0%) 1 (7%) 0 (0%)

Anxiety

No problems 9 (29%) 1 (17%) 4 (27%) 4 (40%)

Slight problems 13 (42%) 3 (50%) 5 (33%) 5 (50%)

Moderate problems 7 (23%) 1 (17%) 5 (33%) 1 (10%)

Severe Problems 2 (6%) 1 (17%) 1 (7%) 0 (0%)

EQ-5D, EuroQoL five-dimension questionnaire.

Table 6. Impact of disease stage and country on quality of life measures (excludes adult siblings)

Measure [scale] Mean score (SD)

Child in rapidly 
progressive stage of 

disease
(n=6)

Child with late 
stage of disease

(n=14)

Child 
deceased

(n=9)

UK
(n=14)

Germany
(n=15)

Total
(n=29)

EQ-5D-5L cross-walk 
to EQ-5D-3L [0–1a] 0.76 (0.16) 0.80 (0.13) 0.89 (0.10) 0.76 (0.11) 0.87 (0.13) 0.82 (0.13)

EQ-5D VAS [0–100b] 74.17 (15.94) 74.86 (20.67) 73.89 (18.16) 73.43 (17.36) 75.33 (19.86) 74.41 (18.39)

QOLLTI-F [0–10c] 6.11 (1.73) 5.36 (1.85) 7.52 (1.32) 5.42 (1.47) 6.90 (1.99) 6.18 (1.88)

Parent-related 
PedsQL-FIMd [0–100c] 57.73 (22.19) 41.25 (19.04) 70.41 (15.93) 43.92 (14.84) 64.39 (24.28) 54.15 (22.33)

Happiness
[0–10e] 6.40 (1.95) 5.46 (2.47) 4.78 (2.22) 5.50 (1.98) 5.33 (2.58) 5.41 (2.29)

Satisfaction with life
[1–7f] 4.33 (1.51) 3.86 (1.99) 3.89 (1.62) 3.64 (1.69) 4.27 (1.79) 3.97 (1.74)

aUtility score where 1 indicates “perfect health” and 0 indicates “death”; b0 indicates “worst possible life” and 100 indicates “best possible life”; 
cHigher values indicate higher quality of life; dA modified parent self-reported measure that used 5 subscales; e0 indicates extremely unhappy 
and 10 indicates extremely happy; f1 indicates “complete dissatisfaction” and 7 indicates “complete statisfaction”. EQ-5D-3L, EuroQoL 
five-dimension, three-level questionnaire; EQ-5D-5L, EuroQoL five-dimension, five-level questionnaire; EQ-VAS, EuroQoL visual analog 
scale; PedsQL-FIM, Pediatric Quality of Life Inventory – Family Impact Module (v2); QOLLTI-F, Quality of Life During Serious Illness – Family 
Caregivers. SD, standard deviation.
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Table 7. Health and wellbeing outcomes for caregivers compared with norms (excludes adult siblings)

Outcome measurea (SD) [scale] Parents with a child 
with CLN2 disease

Matched control 
(age and gender)b Difference

Satisfaction with life [1–7c] 4.070 (1.676)
(n=28)

Parents with child same age
4.969 (0.022) (n=4,502)

-0.898 (0.284)***

Parents caring for sick child
4.516 (0.081) (n=402) -0.445 (0.317)

Hours caring per week 76.269 (47.16)
(n=26)

Parents with child same age
2.824 (0.235) (n=5,284) 73.445 (3.356)***

Parents caring for sick child
56.62 (2.39) (n=453) 19.648 (10.28)*

Figure 2. Impact of caring for a child with CLN2 disease on the (A) physical health (excludes adult siblings) and (B) emotional health of the 
caregivers (excludes adult siblings). CLN2, neuronal ceroid lipofuscinosis type 2.
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Figure 3. Impact of caring for a child with CLN2 disease on hours spent (A) sleeping (excludes adult siblings) and (B) caring for the child 
(excludes adult siblings). CLN2, neuronal ceroid lipofuscinosis type 2.

Outcome measurea (SD) [scale] Parents with a child 
with CLN2 disease

Matched control 
(age and gender)b Difference

Hours sleeping per night 5.375 (1.229) (n=28)

Parents with child same age
6.696 (0.019) (n=4,917) -1.321 (0.246)***

Parents caring for sick child
6.207 (0.066) (n=455) -0.831 (0.275)***

Happiness with partner [1–7] 4.048 (1.244) (n=21)

Parents with child same age
4.676 (0.022) (n=3,877) -0.628 (0.303)**

Parents caring for sick child
4.566 (0.075) (n=360) -0.518 (0.320)

Managing financially [1–5d] 2.107 (1.066) (n=28)

Parents with child same age
2.401 (0.015) (n=4,940) -0.293 (0.194)

Parents caring for sick child
2.677 (0.052) (n=457) -0.570 (0.215)***

Norms: data from Understanding Society [24] (UK and German data combined). aAll treated as continuous; bUnderstanding Society wave 4 
(2012–13) (except ‘Happiness with partner’ taken from wave 3); c1 indicates “complete dissatisfaction” and 7 indicates “complete satisfaction”; 
d1 indicates comfortable and 5 indicates very difficult. *p<0.10, **p<0.05, ***p<0.01 CLN2, neuronal ceroid lipofuscinosis type 2; SD, standard 
deviation; UK, United Kingdom.

Table 7. Cont.
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Table 8. Percentage of caregivers of child with CLN2 disease reporting impact by various factors (excludes adult siblings)

Factor

By country By child status

UK Germany
Child in rapidly 

progressive 
stage of disease

Child with 
late stage of 

disease

Child 
deceased

Nutrition and feeding (n=14) (n=15) (n=6) (n=14) (n=9)

Difficulty eating meals together as a family at 
home 3 (21%) 0 (0%) 2 (33%) 1 (7%) 0 (0%)

Difficulty going out for meals as a family 2 (14%) 0 (0%) 1 (17%) 1 (7%) 0 (0%)

Difficulty with choking or swallowing (current or 
retrospective) 3 (21%) 3 (20%) 1 (17%) 3 (21%) 2 (22%)

My child with CLN2 requires artificial 
nutrition(current or retrospective) 1 (7%) 1 (7%) 1 (17%) 0 (0%) 1 (11%)

Finances (n=14) (n=15) (n=6) (n=14) (n=9)

Living comfortably 2 (14%) 6 (40%) 1 (17%) 3 (21%) 4 (44%)

Doing alright 7 (50%) 6 (40%) 3 (50%) 7 (50%) 3 (33%)

Just about getting by 3 (21%) 2 (13%) 1 (17%) 3 (21%) 1 (11%)

Finding it quite difficult 1 (7%) 0 (0%) 0 (0%) 1 (7%) 0 (0%)

Relationship with partner (n=15) (n=15) (n=6) (n=14) (n=9)

Extremely unhappy 1 (9%) 0 (0%) 0 (0%) 1 (9%) 0 (0%)

Fairly unhappy 0 (0%) 4 (33%) 0 (0%) 2 (18%) 2 (29%)

A little unhappy 3 (27%) 0 (0%) 1 (20%) 0 (0%) 2 (29%)

Happy 1 (9%) 1 (8%) 1 (20%) 0 (0%) 1 (14%)

Very happy 6 (55%) 6 (50%) 3 (60%) 8 (73%) 1 (14%)

Prefer not to answer 0 (0%) 1 (8%) 0 (0%) 0 (0%) 1 (14%)

NA 3 3 1 3 2

Relationship with family (n=14) (n=13) (n=6) (n=13) (n=8)

Less time with family 12 (86%) 12 (92%) 4 (67%) 12 (92%) 8 (100%)

Strained relationship with partner 9 (64%) 11 (85%) 5 (83%) 11 (85%) 4 (50%)

Strained relationship with other family members 9 (64%) 7 (54%) 3 (50%) 10 (77%) 3 (38%)

Siblings not able to live a “normal” life 8 (57%) 8 (62%) 3 (50%) 8 (62%) 5 (63%)

General social life (n=14) (n=15) (n=6) (n=14) (n=9)

Friendships have suffered 8 (57%) 10 (67%) 4 (67%) 11 (79%) 8 (89%)

No time for self 10 (71%) 10 (67%) 2 (33%) 11 (79%) 5 (56%)

Limited/no time to spend with friends 11 (79%) 12 (80%) 3 (50%) 11 (79%) 6 (67%)

Cannot leave home due to caring responsibilities 8 (57%) 11 (73%) 4 (67%) 10 (71%) 5 (56%)

CLN2, neuronal ceroid lipofuscinosis type 2; NA, not applicable; UK, United Kingdom

(C23). However, other caregivers felt the quality and level of 
support differed between services, and ranged from “pretty 
good” (UK5.2) to “really poor” (physiotherapist). 

The speed of relevant support is critical due to the rapidly 
progressive nature of this disease. Several caregivers felt that 
their current services needed to be quicker and more proactive 
with support as, “by the time we got one piece of equipment, 
it’s almost like we don’t need it anymore because he would have 
regressed so much” (C29). A few caregivers felt that some services 

needed the option of being accelerated when a specific need 
arose. UK participants reported they received very limited 
training regarding the use of the gastrostomy feeding tube (see 
Supplementary Material file 4).

In Germany, the majority of caregivers mentioned that there 
is appropriate support available for their child, but accessing 
appropriate support required a lot of knowledge about which 
services they were eligible for, how to go about obtaining 
different support options, and a great deal of persistence. 
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Many caregivers similarly talked about such difficulties when 
trying to access special needs schools (see Supplementary 
Material file 4).

Caregiving activities were often extensive and constant, 
revolving around any schooling, and medical management; they 
continued through the night, attending to symptoms, and even 
with some sleep there were often early starts to the day when the 
child awoke and then late evening activities in preparing food 
for the next day. One caregiver described their child as like “a 
sick infant, it [the situation] is always acute” (C02).

Support for Caregivers

Caregivers reported significantly lower life satisfaction compared 
with parents of a child of the same age (see Table 7 and 
Supplementary Material file 4) and described impacts on social 
and family relationships (see Table 8 and Supplementary Material 
file 4). They were asked to rate their satisfaction with the level 
of support given to them from specified sources and responses 
were very variable. Most were ‘very satisfied’ or ‘satisfied’ with 
the support from partners (72%) or other family members (66%). 
There was greater spread across levels of satisfaction of support 
from friends (52%) and government (31%), and satisfaction or 
neutral about psychologists or counselors (both 28%). Caregivers 
were mostly ‘very satisfied’ or ‘satisfied’ with support at school 
(62%), but less so with support at work (41%). There was general 
satisfaction with the support given to them from HCPs (76%), 
advocate groups (45%) and palliative care (48%); neutral or 
dissatisfaction was expressed regarding the level of support 
from faith groups (14%). 

However, many caregivers found it difficult to admit 
they needed help and were reluctant to hand over caring 
responsibilities. Participants also highlighted the need for further 

support, including practical support for caring, information and 
advice on how to manage the process of receiving appropriate 
support from government and health insurance bodies, as well 
as counseling of emotional and physical health needs.

Happiness With Their Partner

Compared to parents with a child of the same age, caregivers of 
a child with CLN2 disease (both UK and German combined) 
reported significantly lower happiness with their partner (-0.6 
on a 1 to 7 scale; Table 7). 

The 23 caregivers who were in a relationship with a partner 
were asked how caring for a child with CLN2 disease impacted 
this relationship. In rating their degree of happiness in their 
relationship, about half of the participants (n=12; 52%) were 
‘very happy’, all of whom were current caregivers. Most bereaved 
caregivers were ‘a little unhappy’ (UK) or ‘fairly unhappy’ 
(Germany) in their relationship (n=4/7; 57%) (Table 8). A number 
of caregivers mentioned difficulties within their relationships 
with their partners (n=8; 35%). Two caregivers reported pre-
existing problems within their relationships being made worse 
as a result of the caregiving demands, which ultimately led to 
separation. Two caregivers specifically discussed their spouses’ 
mental health difficulties which contributed to their caregiver 
burden and ultimately led to divorce. Another caregiver got 
divorced because they felt left alone with the burden of care 
while their partner was working.

Financial Management

Most caregivers reported managing financially, with half in the 
UK ‘doing alright’ (n=7/14; 50%), whereas those in Germany were 
split between ‘living comfortably’ and ‘doing alright’ (n=12/15; 
80%) (Table 8). For most German participants, buying and 
moving to a more accessible property was not relevant (93% and 
80%, respectively). However, this was more relevant to the UK 
sample, where 36% bought a more accessible property and 50% 
moved to a more accessible property, both of which were self- or 
family-funded. Only one had government funding for cost of 
moving. Families mainly self-funded structural adaptations in 
the home (particularly in Germany) and adaptations to their 
family car (particularly in Germany). In the UK, caregivers 
reported that the need to self-fund was partly due to the National 
Health Service (NHS) not covering some equipment that the 
caregiver considered necessary, and partly due to the NHS 
not supplying the equipment or required funding in a timely 
manner, as their child’s condition progressed. The government 
mainly funded equipment for the home, feeding equipment, and 
a wheelchair (particularly in Germany). Any cost for overnight 
accommodation during hospitalizations of their child was mainly 
self- or family-funded in the UK (50%), and government funded 
in Germany (29%).

Figure 4. Caregiver satisfaction with support received by child 
(excludes adult siblings).
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Work Productivity and Activity Impairment

The UK and German participants reported differences in 
the impact of caring for a child or children with CLN2 disease 
on their employment status (Table 9). In the UK, primary 
caregivers generally gave up work completely, whereas in 
Germany employers were mostly understanding and flexible. 
More primary caregivers in Germany were in full- or part-time 
employment (n=7/10; 70%) than UK primary caregivers (n=3/9; 
33%), while an equal number of secondary caregivers were 
employed in the UK and Germany. Secondary caregivers were 
mostly employed full-time in both countries.

Four participants from Germany reported no impact on 
their work. For the other participants (both currently working 
and previously working), 67% in the UK and 45% in Germany 
reported taking annual/sick leave for caring responsibilities. The 
second highest impacts also differed between these countries, 
with 55% of participants from the UK turning down greater 
job responsibilities and 36% of those from Germany having 
restricted shifts/times to work. Secondary caregivers had greater 
impact on their work compared to primary caregivers in terms of 
absenteeism and presenteeism compared to primary caregivers. 

Responses to the Work Productivity and Activity Impairment 
Questionnaire: Specific Health Problem (v2) (WPAI:SHP) 

questionnaire indicated that caring for a child with CLN2 disease 
had a greater impact on secondary caregivers’ ability to work 
than primary caregivers (in terms of both absenteeism and 
presenteeism; Table 9). This was also the case for the percentage 
of overall (work and non-work) activity impairment for the UK. 
However, the small numbers of caregivers within work make it 
difficult to make any clear claims about the relative impact of 
work impairment between primary and secondary caregivers.

Impact of Disease Stage on Caregiver Burden

Disease stage (rapidly progressive, late, and deceased) had some 
impact on caregiver burden (Table 6). Caregivers of children in 
the late stage of the disease reported more impacts than those 
in the rapidly progressive stage and bereaved stages in relation 
to greater number of hours caring, less sleep, and lower QoL 
(by QOLLTI-F and by PedsQL-FIM, apart from the relationship 
domain). Overall happiness reduced with disease stage but life 
satisfaction was broadly similar across stages (Table 8).

In addition, QOLLTI-F and parent-related PedsQL-FIM 
scores were considerably lower in the late disease stage than the 
bereaved stage, with these assessments of QoL in the rapidly 
progressive stage falling between the two (Table 6). PedsQL-

Table 9. Work Productivity and Activity Impairment (WPAI) by caring role (including adult siblings)

Mean WPAI (SD)
UK Germany

Unmatched controls – EU 
National Health and Wellness 

Survey [45]

Primary 
caregivera

Secondary 
caregiverb Siblingc Primary 

caregiverd
Secondary 
caregivere

Caregiver of 
cancer patient

Non-
caregiver

(n=2) (n=3) (n=1) (n=4) (n=5) (n=1,713) (n=103,868)

Absenteeism: % 
worktime missed due 
to challengef

0 (0) 8.33 (14.43) 0 (NA) 0 (0) 5.36 (7.36) 8.97 (22.83) 5.13 (18.59)

(n=1) (n=3) (n=1) (n=5) (n=5) (n=1,713) (n=103,868)

Presenteeism: % 
impairment to 
productivity at workf

10 (NA) 23.33 (40.41) 0 (NA) 22.50 
(38.62) 20 (23.09) 23.47 (26.18) 15.25 (22.60)

(n=1) (n=3) (n=1) (n=4) (n=5) (n=1,713) (n=103,868)

% total work 
impairment (time & 
productivity)f

10 (NA) 47.50 (31.82) 0 (NA) 3.33 (5.77) 24.02 (27.74) 28.67 (31.32) 18.62 (27.29)

(n=9) (n=5) (n=2) (n=10) (n=5) (n=1,713) (n=103,868)

% total activity 
impairmentg 56.67 (28.28) 76 (19.49) 30 (42.43) 28 (39.94) 18 (17.89) 31.76 (29.93) 23.64 (28.01)

Item-level n values refer to non-missing responses. Absenteeism defined as % worktime missed due to challenge. Presenteeism defined as % 
impairment to productivity at work. Total work impairment: sum of absenteeism and presenteeism. aOf nine respondents, four working and 
five not working; bOf five respondents, three working and two not working; cOf two respondents, one working and one not working; dOf 
ten respondents, five working and five not working; eFive respondents, all working. fCaregivers and adult siblings in current paid employment 
only; gAll caregivers and adult siblings. EU, European Union; NA, not applicable; SD, standard deviation; UK, United Kingdom; WPAI, Work 
Productivity and Activity Impairment QuestionnaIre
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FIM domain scores were lowest for families with a child in the 
late stage of CLN2 disease for all domains except relationships.

Discussion

This study explored the challenges that families face when 
living with and caring for a child or children affected by CLN2 
disease. 19 families from Germany and the UK participated in 
the face-to-face survey. Participating families included those 
with surviving children who spanned stages of CLN2 disease, as 
well as families who had experienced bereavement. In particular, 
the majority of the German caregivers either had a child in the 
late stage of CLN2 disease or had been bereaved. In addition, 
the study provided the opportunity for siblings of those affected 
by the disease to take part (results largely not reported here). 

The key findings from the study were: (i) caregivers and 
adult siblings had reduced HRQoL compared to age and gender- 
matched controls (UK: 0.78 vs. 0.89, p<0.01; Germany: 0.87 
vs. 0.95, p<0.05), as well as a range of physical and emotional 
impacts; (ii) significant reduction in sleep (5.4 vs. 6.7 hours, 
p<0.01); (iii) increased hours of caregiving (76.3 vs. 2.8 hours, 
p<0.01); (iv) significantly lower life satisfaction (4.1 vs. 5.0, p<0.01) 
and lower happiness with their partner (4.0 vs. 4.7, p<0.05); (v) 
significant burden on finances (2.1 vs. 2.4 p<0.01) due to home 
adaptations and loss of income; and (vi) that late stage of disease 
had more impacts on caregivers than for those whose child was 
in the rapidly progressive stage or who were bereaved. Results 
from this study align with aspects from the wider literature. 
For instance, caregivers looking after a family member with 
a life-limiting condition have support needs of their own and 
experience considerable psychological effects as a result of their 
role [31]. When a life-threatening illness is diagnosed and treated, 
families caring for the individual become involved in the many 
facets of caring for the individual along the trajectory of the 
disease [46]. Caregiving is a normal part of being the parent 
of a young child, but this role is considerably altered when a 
child experiences a life-threatening disease, with functional 
limitations and increasing dependence on their caregiver [47]. 

A number of key themes from this study are also reported 
elsewhere. For instance, a UK-wide survey that investigated the 
experiences of 600 families affected by rare conditions similarly 
reported that families faced problems which included delayed 
diagnosis, misdiagnosis, practitioners’ limited knowledge about 
the management of their child’s condition, and the difficulties 
of accessing all the services required to care for children with 
the condition [48]. Other studies have also found that caregivers 
experienced frustrations with professional support [31].

In common with the outcomes found in this study, caregiving 
for individuals with life-limiting conditions may have a negative 
impact on many dimensions of the caregiver’s life, including 
physical and emotional health, and family and social relationships 
[31, 49, 50]. HRQoL scores reported in this study were lower for 

caregivers of children with CLN2 disease than for age/gender 
population norms but were similar to those reported in adults 
diagnosed with gout, chronic ischemic heart disease, epilepsy, 
or diabetes [51].

There were some limitations with this study, with many being 
related to the inherent challenges of conducting research in an 
ultra-orphan disease and the very small numbers of participants 
eligible for inclusion in the study. Although the families of 
affected children at different stages of CLN2 disease were invited, 
the German sample consisted exclusively of late stage and 
bereaved caregivers. It is not known if those that declined or did 
not respond had a child who would have been categorized in the 
earlier stages of CLN2 disease. Although caregivers of children 
in the earlier stages of disease were missing from the sample, 
some of the retrospective accounts provided indicate the daily 
difficulties around schooling and purchasing equipment, with 
which such caregivers have to contend. The lack of patients in this 
group may also reflect the exclusion criteria (i.e. not participating 
in a clinical trial). Consequently, the impact of CLN2 disease on 
caregivers of newly-diagnosed children has not been explored 
in detail, other than by retrospective accounts from caregivers 
of children with more advanced stage disease. Analysis of the 
quantitative data is limited due to the small sample size; it was 
not possible to control for potentially relevant characteristics 
(such as disease stage) when making comparisons between the 
UK and Germany. Some of the quantitative data combined 
current caregivers with bereaved caregivers, which relied upon 
accurate recall. The child abilities and disease stage score relied 
upon the caregiver rating, which was based on a study-specific 
adaptation of the Hamburg LINCL Scale. This version has not 
been validated for use, although caregivers did not report any 
problems with completing the questions.

Ethical considerations are also an important factor when 
conducting studies of this nature. Surveys describing family 
experiences of a disease can be burdensome for participants, both 
with respect to the time required to complete the questionnaire 
and with the emotional upheaval of recalling experiences and 
accounts of the disease; this is especially the case for bereaved 
families [52]. Accordingly, when designing this study, an emphasis 
was placed on minimising the time required by participating 
families, ensuring that study materials were worded in a sensitive 
manner and by using sensitive and experienced interviewers. 

In addition, without the clinician-completed Hamburg 
LINCL Scale, there was no way to assess the accuracy of parental 
reporting of disease stage. Although, there were similarities 
between family impacts in both the UK and Germany, the rarity 
of CLN2 disease and small sample size in the present study 
makes generalization across Europe difficult, where family needs 
and challenges in other countries may differ. Replication of the 
study presented here across a broader geographic and cultural 
range may support a longer-term need for comprehensive and 
meaningful guidance for those families dealing with a diagnosis 
of CLN2 disease.
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Conclusion

Families caring for a child affected by CLN2 disease must cope 
with many difficult emotional, physical, professional, financial, 
and organizational challenges. Following diagnosis of a life-
limiting condition in their child, caregivers have to contend with 
impacts on their sleep, physical and emotional health, and family 
and social relationships. In addition, when caregivers gave up 
employment or reduced work hours, this had a financial impact 
that was compounded by the need to pay for care equipment 
and home adaptations. Despite the many difficulties, caregivers 
reported that they simply needed to accept the situation as it 
was and deal with it for the sake of their children.
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