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Abstract 

Background Actigraphy offers a promising way to objectively assess pediatric sleep. Aim of the study was inves-
tigating the extent to which actigraphy used in children and adolescents with life-limiting conditions is consistent 
with two other measures of sleep diagnostics.

Methods In this monocentric prospective study N = 26 children and adolescents with life-limiting conditions treated 
on a pediatric palliative care unit were assessed. For three consecutive nights they wore an actigraph; the 24-hours 
sleep protocol documented by nurses and the Sleep Screening for Children and Adolescents with Complex Chronic 
Conditions (SCAC) answered by parents were analyzed. Patient characteristics and the parameters sleep onset, sleep 
offset, wake after sleep onset (WASO), number of wake phases, total sleep time (TST) and sleep efficiency (SE) were 
descriptively examined. Percentage bend correlations evaluated the three measures’ concordance.

Results Descriptively, and except for the number of waking episodes, the different measures’ estimations were 
comparable. Significant correlations existed between actigraphy and the sleep protocol for sleep onset (r = 0.83, 
p = < 0.001) and sleep offset (r = 0.89, p = < 0.001), between actigraphy and SCAC for SE (r = 0.59, p = 0.02).

Conclusion Agreement of actigraphy with the focused sleep measures seems to be basically given but to varying 
degrees depending on the considered parameters.
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Introduction
Of the approximately 21 million children worldwide 
deemed in need of a pediatric palliative care approach, 
many present with a variety of heterogeneous and inter-
related symptoms [1, 2]. One of these symptoms, with 
a prevalence rate of around 50–70%, is sleep problems 
[3–6]. Sleep problems can be highly burdensome both 
physically and psychologically for the child and the fam-
ily affected due to their often refractory nature and their 
accumulated occurrence [7–9]. For instance, the sleep 
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problems experienced by affected children and adoles-
cents can adversely affect their everyday life and daytime 
functioning, potentially leading to reduced quality of life 
[8, 10]). Conversely, many parents report experiencing 
sleep problems themselves, along with irritability, high 
stress levels, exhaustion, or head pain [11, 12]. Further-
more, as sleep problems can arise from a wide variety of 
causes and may, for example, be an expression of other 
symptoms such as pain, monitoring sleep patterns is cru-
cial for understanding a child’s overall situation and cur-
rent challenges [2, 13, 14]. Optimal treatment indications 
and adequate therapy monitoring can thus be supported. 
Therefore, adequate diagnosis poses the important basis 
for the initiation of potential therapeutic options [7–9]. 
As parents become experts on their child over the years, 
their assessments that can be easily and cost-effectively 
obtained using questionnaires such as the recently devel-
oped Sleep Screening for Children and Adolescents 
with Complex Chronic Conditions (SCAC) represent an 
important pillar of diagnostics [3, 7, 15].

A promising, more objective and relatively low cost 
diagnostic measure is provided by so-called actigraphs 
[16]. These resemble a modern sports watch and are usu-
ally worn on the wrist or ankle and can thus theoretically 
be used in any environment. The motion sensor in the 
actigraph allows differentiation between movement and 
lack of movement and, on this basis, enables statements 
to be made about the wearer’s sleep and wakefulness [7]. 
Compared to the gold standard polysomnography (PSG), 
actigraphy has the considerable advantage that it can be 
utilized in almost any setting and is less burdensome for 
the child and their family. For example, there is no need 
for the child to spend a night in the unfamiliar surround-
ings of a sleep laboratory [7, 17]. Actigraphy has been 
recognized by the American Academy of Sleep Medicine, 
among others, as a helpful clinical tool that can non-inva-
sively generate a variety of relevant parameters across a 
wide range of disorders. Clinical decisions can be sup-
ported, and therapy trials monitored using the device 
[18]. Actigraphy is unobtrusive and practical, as it can be 
used over any period of the day or night [19]. In addition, 
there is evidence that actigraphy can generate reliable 
sleep data in children with life-limiting conditions [20].

Through research with healthy children and children 
with complex chronic conditions such as epilepsy [21], 
it appears that there is uncertainty about the extent to 
which actigraphy data are consistent or inconsistent with 
data from other (subjective) diagnostic measures [22, 
23]. Appropriate studies with a heterogeneous group 
of children with life-limiting conditions are to our best 
knowledge non-existent. The aim of this study there-
fore was examining the extent to which actigraphy data 
from a sample of children and adolescents with pediatric 

palliative care needs and life-limiting conditions are con-
sistent with a third-party sleep screening tool (SCAC) 
and the 24-hours sleep protocol developed at the Pedi-
atric Palliative Care Center of the Children’s and Adoles-
cents’ Hospital Datteln – Witten/Herdecke University. 
Such an investigation can yield important insights into 
the correspondence of sleep parameters across different 
measurement instruments and identify which parameters 
are best assessed by each instrument.

Methods
For reporting the research methods and findings of this 
study, the STROBE checklist of the Equator network 
(http:// www. equat or- netwo rk. org/ libra ry/) was used.

Participants
For the investigation of the study question, eligible par-
ticipants were children and adolescents with life-limiting 
conditions and an age between 1 and 25 years, who were 
inpatients on a pediatric palliative care unit of a pediatric 
tertiary hospital in Datteln, Germany [24]. This age range 
was chosen considering that many pediatric palliative 
care patients experience developmental delays. Conse-
quently, they are still considered “pediatric” and receive 
treatment on pediatric units, even if their biological age 
exceeds 18 years [25]. Exclusion criteria were defined as 
insufficient local language skills of the parents and an 
acute medical or psychological crisis of the child or the 
family. The study was approved by the Ethics Committee 
of Witten/Herdecke University (approval code: 128/2020, 
approval date: August 15, 2020). Because all of the partic-
ipating children and adolescents were incapable of giving 
informed consent themselves due to their conditions and 
associated cognitive impairments, this was given vicari-
ously by the parent who accompanied the child during 
their inpatient stay (96.2% mother, 3.3% father).

Measurements
Different objective and subjective measures were used 
to record children’s and adolescents’ sleep behavior. All 
instruments focused on a reference period of three con-
secutive nights. This duration was determined as the 
optimal compromise between having a sufficiently long 
recording time to generate meaningful sleep data and 
ensuring practicability for the clinical context (e.g. con-
sidering average inpatient lengths of stay). In addition, 
this reference period aligns with official recommenda-
tions for the (minimum) duration of (actigraphy) studies 
[26]:

– Actigraphy by means of the Actiwatch 2 (Philips 
Respironics, Murrysville, PA) that was put around 
the children’s/adolescent’s wrist (right or left side 
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by default, as a dominant hand could not be reliably 
determined in patients due to their underlying condi-
tions). For the devices’ configuration and data analy-
sis, the manufacturer’s accompanying Actiware Soft-
ware package (Philips Respironics, Murrysville, PA; 
version 6.1.2) was used. Activity data were recorded 
in 15-seconds epochs. For establishing the wake 
phases, the medium sensitivity level offered by the 
manufacturer was chosen (requirement of 40 activ-
ity counts before an epoch is considered awake [27]; 
already shown that this level is adequate for most 
sleep parameters [20]).

– An adapted version of the recently developed Sleep 
Screening for Children and Adolescents with Com-
plex Chronic Conditions (SCAC [15];). Other than 
in the original version, a reference period of 3 days 
(in the sense of “How often did your child during the 
last 3 days...?) instead of 7 days was used (see 1.3 Data 
collection). In addition, items were added to record 
basic sleep information (e.g., time of falling asleep, 
time of waking up; Supplemental Material 1). These 
adaptations enabled the later comparability of the 
focused sleep measures respectively its generated 
sleep parameters. To ensure that this adapted version 
was comparable to the original version of the SCAC, 
a pretest was conducted (see 2.3 Data collection and 
following sections).

– The 24-hours sleep protocol. This was developed at 
the Pediatric Palliative Care Center Datteln, Ger-
many, to systematically record inpatient children’s 
or adolescents sleep and wake times throughout the 
24-hour day in a 15-minute grid (Additional  file  1 
[28];). An important advantage of the 24-hours sleep 
protocol compared to sleep logs commonly used in 
sleep medicine is that the former is not kept retro-
spectively after the night experienced, but practi-
cally in real time and without omissions. Any missing 
entries are promptly detected and completed dur-
ing the respective care handovers [29]. In addition, 
events such as irritability, pain, or medication/ food 
intake can be documented. The protocol is routinely 
completed by nurses on duty during their shifts and 
therefore did not involve any additional work for the 
practitioners in the context of the study Since the 
24-hours sleep protocol generates factual/objective 
data and can therefore be legitimately kept and ana-
lyzed over any desired period of time, a pretest for 
the instrument’s 3-day assessment was not necessary.

– The children’s and adolescents’ care reports, which 
are written by the unit’s nurses. From this, especially 
the children’s and adolescents time of falling asleep 
was used as a reference for the evaluation of the 
actigraphy data (see 2.4 Data analysis).

Data collection
For the pretest (validation of the adapted SCAC), parents 
of children and adolescents with life-limiting conditions 
treated at the Children’s and Adolescents’ Hospital Dat-
teln were recruited (March–April 2021). If parents con-
sented to participate in the study, they completed the 
SCAC original version (reference period 7 days) and the 
adapted version (reference period 3 days) at admission. 
Across all participants, the order of the two forms was 
randomized (original first, then adaptation vs. adaptation 
first, then original).

For the main study, parents of children and adolescents 
admitted to the pediatric palliative care unit who met 
the inclusion criteria were provided with comprehensive 
verbal and written information about the study. Upon 
request for participation, the actigraph was configured 
by the study coordinator (L.A.K.), taken back to the unit 
and given to the nurses. On each of the three consecutive 
survey evenings, they applied the actigraph to the child. 
An explicit time for this was not specified but oriented 
to the individual child’s rhythm (see 2.4 Data analysis). 
The SCAC was filled out by parents the morning after the 
third assessment night, so that the questionnaire’s refer-
ence period coincided with the actigraphy period. The 
actigraphy data were retrieved and analyzed. The chil-
dren’s/adolescents’ 24-hours sleep protocol and the chil-
dren’s/adolescents’ care reports for the three assessment 
nights were also reviewed and analyzed.

Statistical analysis
In the pretest, the items of both questionnaire versions 
were compared using Spearman-Rho correlation. Ran-
domization effects were examined using a Mann-Whit-
ney-U test.

In the main study, actigraphy data were read out by the 
study coordinator and analyzed using Actiware®. This 
software package is tailored specifically to the Actiwatch 
2, enabling us to configure and access the device, as well 
as manage, analyze, and export the recorded activity data. 
Actiware and Actiwatch 2 are designed for use with both 
pediatric and adult patients, and have been employed in 
both populations [22, 30–33]. To find a child’s rest inter-
val (period during which the child rests and is less active), 
the care reports were considered. From the information 
given there about a child’s sleep onset time, 30 minutes 
were calculated back to define the start of the rest inter-
val. To the indication of when a child woke up, 30 min-
utes were added to care report information define the 
end of the rest interval. This procedure has already been 
presented in the literature when clear times for the start 
and end of an actigraphy assessment cannot be clearly 
delineated without a reference document, as in our case 
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[34]. By defining a rest interval, the child’s sleep and 
wake times were detected by the automatic logarithm 
of the Actiware®. The following sleep parameters were 
extracted: sleep onset time (the first 10 immobile min-
utes within the rest interval), sleep offset time (the last 
10 immobile minutes within the rest interval), wake after 
sleep onset (WASO), total number of wake phases, total 
sleep time (TST), and sleep efficiency (SE; defined as the 
actual time spent sleeping during the night; specified in 
percent). These sleep parameters are standard parameters 
in sleep medicine practice and research [35]. In compar-
ing sleep measures, we extracted all relevant parameters 
from each instrument that could be reliably generated.

For the 24-hours sleep protocol, the same parameters 
as for actigraphy were evaluated except for SE. This was 
because bedtime in particular, which is crucial for deter-
mining sleep efficiency, is not routinely recorded by cli-
nicians in the protocol. If this information is noted, it 
is usually included in the care report to avoid duplicate 
documentation in both documents. Therefore, since 
it was intended to evaluate the 24-hours sleep protocol 
unaltered in its usual form, SE was not generated accord-
ingly. (). In the SCAC, the parameters sleep onset and SE 
were considered. The other parameters were neglected 
in view of the consideration that parents are not at their 
child’s side during the nights on the pediatric palliative 
care unit and thus per se cannot generate reliable state-
ments on these aspects. For the 24-hours sleep protocol, 
average values were first calculated from the three nights 
under consideration. Patient characteristics and the three 
diagnostic measures’ sleep parameters considered are 
presented by means of descriptive statistics. The three 
measures’ relationship was determined using percent-
age bend correlation. In this non-parametric procedure, 
ß = 10% of the largest and smallest values are not taken 
into account, allowing better handling of outliers [36]. 
Multiple comparisons were adjusted via false discovery 
rate correction (FDR, [37]). All analyses were performed 
using SPSS (IBM, version 28) and R [38] with RStudio 
[39].

Results
Pretest
N = 30 parents participated in the pretest (n = 16 in the 
sequence: adaptation (3-day reference time frame) vs. 
original condition (7-day reference time frame); n = 14 
in the sequence: original vs. adaptation condition). In 
n = 27 (90%) of the cases, the child’s mother completed 
the questionnaire. 92.2% (n = 26) stated that they were 
the child’s primary caregiver. Participants (mean age 
M  = 8.61 years, range: 1–18 years) were 63.3% (n  = 19) 
male and 36.7% (n  = 11) female. 96% of the examined 
items (range: r = 0.46–1.00) showed a strong correlation 

relationship between the 3- and 7-day reference time 
frame and 4% a moderate relationship (r = 0.46, r = 0.49) 
with the respective items of the other version [40]. There 
was no significant difference between the two question-
naire versions (Mann-Whitney U test, p  > 0.05; range: 
p = 0.07–1.00). From the results it was concluded that the 
adapted version of the SCAC was plausibly applicable for 
the main test.

Main study
N  = 29 children and adolescents were included in the 
main study. The data sets of n  = 3 children had to be 
excluded due to technical errors in the actigraphy assess-
ment, so that the final sample consisted of N = 26 chil-
dren and adolescents. The participants’ characteristics 
are shown in Table 1.

Interrelationships of the three sleep measures
Descriptively, according to the 24-hours sleep protocol, 
the children and adolescents fell asleep on average about 
1 hour and according to the parents about 45 minutes 
later than according to the actigraphy. Also, the patients 
studied woke up on average about a quarter of an hour 
later when measured by the 24-hour sleep protocol than 
when measured by the actigraph. The actigraph descrip-
tively showed a longer average WASO although the 
descriptive difference from the sleep protocol in this case 
was only about 10 minutes. For the TST, both measures 
considered showed a roughly similar descriptive picture 
The clearest descriptive difference between the 24-hours 
sleep protocol and actigraphy was toward the parameter 
of total number of wake phases. Children’s/adolescents’ 
SE was descriptively rated slightly higher by actigraphy 
than by parents in the SCAC. The mean values of the 
three sleep measures actigraphy, 24-hours sleep proto-
col and SCAC for the investigated sleep parameters are 
shown in Fig. 1 and Table 2.

Strong positive correlations were found for the param-
eters sleep onset (r = 0.83, p = < 0.001) and sleep offset 
(r = 0.89, p = < 0.001) between the 24-hours sleep proto-
col and actigraphy. Another positive correlation existed 
between the SCAC and actigraphy in terms of children’s/
adolescents’ SE (r = 0.59, p = 0.02; Fig. 2).

Discussion
Results of the study
The present study aimed to demonstrate the extent 
to which actigraphy is consistent with other diagnos-
tic measures, particularly the objective 24-hours sleep 
protocol, in children and adolescents with life-limiting 
conditions.

With regard to sleep onset time and sleep offset time, 
it was shown that the two measures yielded significantly 
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similar results. Since delayed sleep onset times resulting 
from problems with sleep initiation are common in this 
population, it is important that this information can be 
reliably recorded during diagnostics in the clinical setting 

[32, 41–43]. This, in turn, appears to be the case for both 
instruments. It is worth mentioning here that established 
diagnostic systems such as the International Classifica-
tion of Sleep Disorders speak of a delay in falling asleep 

Table 1 Characteristics of children and adolescents participating in the main test (N = 26)

1 In Germany, the care level indicates the degree to which a person requires care ranging from 1 (slight impairment of independence) to 5 (most severe impairment of 
independence with special requirements for nursing care)
2 Examples of the represented underlying diseases are indicated in italic font; multiple diagnoses/entries possible

Age in years; M (SD) 9.92 (6.3)

Age groups; n (%)

 1–5 7 (26.9)

 6–10 7 (26.9)

 11–15 6 (23.0)

 16–20 4 (15.3)

 21–25 2 (7.6)

Sex; n (%)

 Female 11 (42.3)

 Male 15 (57.7)

Born premature; n (%)

 Yes 4 (18.2)

Care level; n (%)1

 None 1 (3.8)

 1 0 (0)

 2 0 (0)

 3 1 (3.8)

 4 5 (19.2)

 5 19 (73.1)

Can the child communicate verbally?; n (%)

 Yes, without restrictions 2 (9.1)

 Yes, with restrictions 3 (13.6)

 No 17 (77.3)

Diagnoses2

 ICD-10 code Definition of ICD 10 code and examples of underlying disease(s) number (%)

 P91 Other disturbances of cerebral status of newborn 9 (34.6)

Hypoxic ischemic encephalopathy, Periventricular leukomalacia

 Q87 Other specified congenital malformation syndromes affecting multiple systems 5 (19.2)

Microdeletion syndrome 4q13.3–21.3, mosaic trisomy 9

 Q04.9 Congenital malformation of brain, unspecified 4 (15.4)

Severe psychomotor developmental disorder with bifrontal polymicrogyria and hypomyelina-
tion.

 E70-E70 Metabolic disorders 3 (11.5)

Metachromatic leukodystrophy

 Q93.9 Disorder of brain, unspecified 2 (7.7)

Epileptic encephalopathy

 G71 Primary disorders of muscles 1 (3.8)

X-linked recessive muscular dystrophy, Duchenne type

 Q89 Other congenital malformations, not elsewhere classified 1 (3.8)

Severe global developmental disorder caused by mutation in the ACY1 gene.

 G93.1 Anoxic brain damage, not elsewhere classified 1 (3.8)

Severe multi-cystic encephalomalacia
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Fig. 1 Descriptive presentation of the sleep parameters assessed in the diagnostic measures actigraphy, 24-hours sleep protocol, and Sleep 
Screening for Children and Adolescents with Complex Chronic Conditions (SCAC)

Table 2 Mean values of the three sleep measures actigraphy, 24-hours sleep protocol and the SCAC 

*p < 0.05. **p < 0.01

ND parameter not determined

Actigraphy, M (SD) 24-hours sleep protocol, M (SD) SCAC, M (SD)

Sleep onset 20:01 (4:05) 20:57 (1:06) 20:54 (1:32)

Sleep offset 6:54 (1:35) 7:04 (1:16) ND

Total sleep time (TST) 560.56 (120.95) 563.57 (92.58) ND

Wake after sleep onset (WASO) 55.92 (52.69) 45.6 (52.77) ND

Number of wake phases 46.39 (29.33) 0.79 (0.75) ND

Sleep efficiency (SE) 81.93 (15.04) ND 75.04 (17.56)



Page 7 of 11Kubek et al. BMC Palliative Care           (2024) 23:52  

from > 20 minutes after bedtime; instruments such as 
actigraphy or the sleep protocol, therefore, do not have 
to be able to depict “standard values” as to when a child 
of the corresponding (biological) age ought to fall asleep 
[44]. Although no significant correlations between the 
measurements of the actigraphy and the sleep protocol 
could be found for the two further parameters “wake 
after sleep onset” (WASO) and “total sleep time” (TST), 
the descriptive comparisons nevertheless revealed com-
parable scores for both measures.

Basically, these findings indicate that both actigraphy 
and the 24-hours sleep protocol are suitable to objec-
tively record specific sleep parameters in critically ill 
children and adolescents. Observation protocols such as 

the sleep protocol require active processing by a facil-
ity’s staff (usually nurses). At the same time, such pro-
tocols in the form of sleep diaries are also often filled 
out by parents in order to provide diagnosticians with a 
child’s relevant sleep information [3, 42, 45]. However, a 
significant disadvantage of sleep protocols involves the 
fact that they represent a not inconsiderable additional 
effort for the person completing them. For example, 
nurses are required to complete them during their shift, 
leaving them less time for the patient and their other 
tasks. For parents, such a duty can be stressful, since car-
ing for their child is already time-consuming per se, and 
the child’s sleep problems often lead to health problems 
for the parents as well [46, 47]. At this point, actigraphy 

Fig. 2 Scatter plots and statistics of the correlations between actigraphy, 24-hour sleep protocol and SCAC with regard to the examined sleep 
parameters
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may serve as a tool with great potential: once configured, 
sleep information is collected without a person’s further 
intervention. Professionals and parents could be relieved 
by this and devote themselves to other important activi-
ties. Biases, for example due to misremembered facts, or 
gaps due to non-documentation can be prevented [48]. 
The relevance of the first aspect is also illustrated by the 
parameter of the number of nocturnal wake phases con-
sidered in our study.

Descriptively, the largest difference between the actig-
raphy and the sleep protocol was found for this param-
eter. A first possible explanation could be that the nursing 
staff completing the 24-hours sleep protocol are not con-
tinuously at the patient’s bedside during the night and 
therefore do not detect every wake phase. Another, 
perhaps even more likely approach is the very differ-
ent approaches of the instruments for detecting waking 
phases: The complex technical logarithm of actigraphy 
allows for the identification of each individual phase of 
a child’s wakefulness. Moreover, these devices have the 
capability to reliably detect waking responses that might 
go unnoticed by an external observer or even by the indi-
vidual themselves [49]. Observation instruments such 
as the 24-hours sleep protocol, on the other hand, pre-
sume that the focused behavior is actually noticed. Even 
if the nursing staff in our study had been present in the 
patient’s room around the clock, they would probably not 
necessarily have recognized the nocturnal waking phases 
as registered by actigraphy [50].

The objective and reliable recording of nocturnal awak-
enings is important for pediatric palliative patients as 
well as for healthy individuals, given its prevalence as a 
common concern [51–53]. Interestingly, our observa-
tions on the frequency of night-time awakenings also 
align with findings in healthy children and those with less 
serious conditions such as autism [50, 53, 54]. A trend 
emerges, indicating that parents or subjective assessors 
are worse at estimating nocturnal awakenings than objec-
tive measures, relatively independent of their child’s spe-
cific (medical) situation. Disrupted sleep poses enormous 
stress for both the children and their parents and may 
contribute to diminished daytime performance and nega-
tive mood, among other effects [55]. On one hand, actig-
raphy, when used independently, exhibits considerable 
potential for objectively recording sleep interruptions, a 
facet that subjective assessments may not reliably capture 
[45]. In addition to waking up at night “by themselves”, 
many children and adolescents with life-limiting condi-
tions also experience nocturnal sleep interruptions due 
to caregiving activities such as administering medica-
tion, feeding, or repositioning [47]. Distinguishing spon-
taneous awakenings from those induced by caregiving is 
essential for effective sleep diagnostics and subsequent 

therapeutic interventions. In this context, the combina-
tion of actigraphy with other observational instruments 
can be beneficial. These instruments offer detailed insight 
into the nature and frequency of (nursing) interventions 
conducted during the night, with actigraphy providing 
objectivity and facilitating the nuanced assessment and 
differentiation of the reasons behind nocturnal sleep 
awakenings [56].

The question of a child’s sleep efficiency can appar-
ently be equally reliably answered by actigraphy as by the 
parents. Basically, having several reliable ways to deter-
mine this parameter is very welcomed, as many of the 
young patients show reduced sleep efficiency, especially 
with increasing disease severity [31, 57, 58]. In addition, 
depending on the specific setting (home, clinical), the 
instrument that is best suited to the specific situation (of 
the family) and question can be selected. At first glance, 
however, our findings contradict the idea that parents 
often misjudge their child’s sleep, especially if they do 
not sleep in the child’s room [45]. It is possible, however, 
that parents are able to provide reliable information on 
more global parameters such as sleep efficiency, whereas 
they struggle with the assessment of very specific param-
eters such as the number of wake phases. Since we did 
not consider corresponding specific parameters from the 
parents’ point of view in this study, this should be the 
content of further studies. Also, the parents’ statements 
regarding these parameters should be compared with 
data from polysomnography in order to be able to make 
statements about its reliability.

Overall, the findings on the SCAC variables primarily 
reinforce that this questionnaire is an internally consist-
ent and versatile instrument. This is evident by a good fit 
with the data acquired by actigraphy. This is encouraging, 
as there are only a few instruments that have been devel-
oped specifically for these highly complex patients [15, 
59]. Sleep questionnaires frequently used in research and 
literature have typically been developed for healthy or 
less impaired children and adolescents, overlooking the 
particularities and special needs of young patients with 
life-limiting conditions [15, 59]. Actigraphy was recently 
shown to be an apparently reliable measure in children 
and adolescents with life-limiting conditions and severe 
neurological impairment when compared with the gold 
standard PSG, so it may be considered the gold stand-
ard in this study ( [20, 42]). What might account for the 
lack of agreement between the information obtained 
by actigraphy and the 24-hours sleep protocol and the 
SCAC scales should be evaluated in follow-up studies. 
Perhaps differing results will emerge with larger sam-
ple sizes. Another explanation could be that the scales 
of a subjective instrument such as the SCAC account 
for fundamentally different aspects than the other two 
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diagnostic measures considered, so that agreement can-
not be assumed for these specific instruments [18]. 
Clearer findings in this regard could help to decide when 
and which subjective or objective instrument should be 
usefully employed during the diagnostic process in order 
to be able to gather the most reliable information possi-
ble about a child’s sleep.

Limitations of the study
The study’s major limitation is the comparatively small 
sample size. This prevented more complex analy-
ses that could have supported a clearer interpretation 
of the results. In addition, for various comparisons of 
the parameters and instruments, we could only report 
descriptive similarities. Nevertheless, to the best of our 
knowledge, this is the first study in the highly vulnerable 
setting of pediatric palliative care that focused in paral-
lel on different diagnostic measures including actigraphy 
and children and adolescents with heterogeneous clinical 
pictures. In this sense, this study is to be considered as 
a prelude for further follow-up studies which should fur-
ther clarify which role actigraphy can play in the future 
for the diagnosis of sleep problems in children and ado-
lescents with life-limiting conditions, respectively which 
diagnostic measures can be meaningfully combined in 
the future to obtain the most comprehensive picture of a 
child’s sleep.

Another limitation of the study is that we did not test 
the data of the SCAC and 24-hours sleep protocol against 
the gold standard of sleep diagnostics polysomnography 
and thus cannot say which measure provided the most 
correct results. Validations such as this have become 
increasingly common for various instruments in recent 
years, but a corresponding comprehensive comparison 
in the population of children and adolescents with life-
limiting conditions is lacking [23, 60, 61]. Future studies 
should build on our kick-off project to provide the high-
est quality sleep diagnostics in the long term. To achieve 
this, collaborations between different clinics and sleep 
laboratories could be sought.

Because parents of children and adolescents receiv-
ing care in the pediatric palliative care unit typically do 
not sleep in their children’ room at night, not all sleep 
parameters could be determined from the parents’ 
perspective. It has already been pointed out that cor-
rect conclusions about children’s/ adolescents’ night-
time sleep from subjective measures such as parental 
testimony can be fundamentally difficult to obtain 
and prone to error [17, 45]. Nevertheless, parents are 
the experts for their child and important informants 
about the sleep behavior [3]. Our results also indicate 
that certain parameters may well be reliably reflected 
by parents. This consideration should definitely be 

pursued in the future and in larger studies. For this 
purpose, data collection could be shifted to the chil-
dren’s or adolescents home setting, where parents more 
often spend the night with their child.

A weakness of the 24-hours sleep protocol in our study 
is the inability to determine SE using the core informa-
tion in the document. However, this limitation may not 
necessarily apply to all settings. In institutions where 
a child’s bedtime routine is primarily managed by clini-
cians and administrative decisions mandate the inclu-
sion of this time in the 24-hours sleep protocol, the SE 
parameter could be generated. This circumstance shows 
quite impressively that, unlike validated questionnaires, 
such observation instruments are flexible in their spe-
cific application. This flexibility can be both an advantage 
and a disadvantage. In our study, we aimed to evaluate 
the instrument in its natural usage within the pediatric 
palliative care unit. In future research, especially multi-
center projects, establishing uniform rules for completing 
the instrument, at least for the study period, is essential 
to ensure optimal comparability of results. In this study, 
actigraphy was compared for the first time in a heteroge-
neous sample of pediatric palliative care with two other 
measures commonly used in sleep diagnostics. Although 
the study should be seen as a prelude to further larger 
projects, the results indicate that a) while actigraphy is 
an apparently reliable tool in this sample, sleep informa-
tion can also be effectively obtained by other measures, 
which may be faster and technically easier to use, and b) 
the generation of reliable data depends on the specific 
parameter and instrument considered.
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