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SIGNIFICANCE
This is the first study to simultaneously use Itch Tracker, a 
recently-developed app for measurement of nocturnal scrat-
ching, and polysomnography to assess nocturnal scratching 
and its influence on quality of sleep in children with atopic 
dermatitis. The results show a positive correlation between 
severity of atopic dermatitis and scratching, as well as indi-
cating deterioration of quality of sleep during scratching in 
these children, adding to the evidence regarding quality of 
sleep impaired by itch in children with atopic dermatitis.
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Itching due to atopic dermatitis causes sleep disorders 
in children, but its pathology is unknown. The aim of 
this study is to investigate nocturnal scratching as an 
indirect index of itching during sleep and its relations-
hip with depth of sleep in children with atopic derma-
titis. Nocturnal scratching was measured in a total of 
20 children with atopic dermatitis, using a smartwatch 
installed with the application Itch Tracker. Depth of 
sleep was analysed using polysomnography. The se-
verity of atopic dermatitis was scored using Eczema 
Area and Severity Index (EASI) and Patient-Oriented 
Eczema Measure (POEM). The number and time of 
nocturnal scratching measured by Itch Tracker had 
a significantly positive correlation with EASI scores, 
whereas POEM scores were not correlated with EASI 
scores. Mean sleep efficiency was 90.0% and scrat-
ching episodes (n = 67) started mainly during the 
awake stage or light sleep stages. In the scratching 
episodes that started during sleep stages (n = 34), the 
sleep stage changed to a lighter one or to the awake 
stage in 35.5% of episodes. Itch Tracker is applicable 
to measure nocturnal scratching in children. Nocturnal 
scratching can deteriorate quality of sleep by changing 
the sleep stage to a lighter one or to the awake stage.

Key words: atopic dermatitis; itching; Itch Tracker; paediatric 
patients; polysomnography and scratching.
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Itching due to atopic dermatitis (AD) causes sleep 
disorders (1–6) and good quality sleep is one of the 

therapeutic goals in treatment of AD. Epidemiological 
studies indicate a positive association between AD and 
attention-deficit/hyperactivity disorder (ADHD) in 
children (7). It has been suggested that sleep disorders 
associated with itching due to AD may exacerbate the 
symptoms of ADHD in children (7–10). 

In order to gain insights into sleep disorders in children 
with AD, it is crucial to clarify the pathology by which 
itching causes sleep disorders in children. However, it 
is difficult to accurately evaluate the severity of itching 
at night with commonly-used subjective assessments, 
such as visual analogue scale (VAS), by children or the 
observation of behaviour by their guardians. There is 
no objective method established to directly evaluate the 
severity of itching at night. Instead of a direct evalua-
tion, the measurement of nocturnal scratching has been 
used by researchers as an indirect, but objective, index 
of itching severities at night, since itching induces the 
desire to scratch (11). Itch Tracker (Maruho Co., Ltd., 
Osaka, Japan) is a smartwatch application software with 
an algorithm to analyse acceleration data from Apple 
Watch (Apple Inc., Cupertino, CA, USA) that enables 
measurement of nocturnal scratching. This app has been 
shown to have high sensitivity and positive predictive 
values in the measurement of nocturnal scratching in 
adult patients with AD (12).

It is difficult to accurately evaluate the depth of sleep. 
The measurement of body movement using devices 
with accelerometers, such as actigraphy, is a broadly 
used method to differentiate sleeping and awaking sta-
tus (13–18), but does not provide detailed information  
regarding depth of sleep. In addition, actigraphy does not 
seem to be optimal for evaluation of patients who scratch 
during sleep, since scratching might produce noise, 
which could be better used for analysis. On the other 
hand, polysomnography (PSG) with multiple parameters 
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is a gold standard method to evaluate depth of sleep (19). 
PSG is more complex, but seems more appropriate than 
actigraphy for patients who scratch during sleep.

This study measured nocturnal scratching and depth 
of sleep in paediatric patients with different severities of 
AD, using Itch Tracker and PSG. The study focused on 
the relationship between the severity of AD and scrat-
ching as well as between depth of sleep and scratching.

MATERIALS AND METHODS
This study was approved by the ethics committee of Fukuoka 
National Hospital (approval number F30-21). All subjects at 6 
years of age or older and their parents provided informed consent 
for participation in writing. Parental consent only was obtained 
for children under 6 years of age. The study was in 3 parts, as 
described below.

Part 1

The relationship between the severity of AD and the time and 
number of nocturnal scratching was examined in 14 paediatric 
patients with AD (mean ± standard deviation 9.2 ± 4.3 years old, 
9 males and 5 females). The severity of AD was always asses-
sed by the same 2 physicians together (1 dermatologist and 1 
paediatrician who both have expertise in paediatric dermatology) 
using the Eczema Area and Severity Index (EASI). The number of 
scratching episodes from bedtime to waking up and the duration 
of each scratching episode were measured for 1 night at home by 
wearing an Apple Watch installed with the Itch Tracker app during 
the night. The Itch Tracker app was used with the knowledge that 
it has not been validated for children, which implies a potential 
risk of lower accuracy in measurement than for adults. In addi-
tion, patients were asked to evaluate subjective symptoms using 
Patient-Oriented Eczema Measure (POEM) (20–23). If patients 
were unable to self-evaluate, their parents were asked to provide 
evaluation.

Part 2

Of the patients participating in Part 1, the study followed up 6 
children who agreed to further measurement and revisits for a 
maximum of 3 visits regarding the severity of AD, nocturnal 
scratching and subjective symptoms. The interval of follow-up 
visits was 6–31 days. The subjects were provided with standard 
medical treatment and guidance regarding daily life depending on 
the severities and symptoms.

Part 3

Six children underwent a standard overnight PSG in the hospital. 
An experienced physician of the paediatric Sleep Disorders Center 

at National Hospital Organization, Fukuoka National Hospital, 
Fukuoka, Japan analysed the PSG data and determined the sleep 
stage. PSG data were recorded using an original polygraph system 
based on an electroencephalography system (EEG-1200; Nihon 
Kohden, Kobe, Japan), in which electroencephalography (C3-A2, 
O2-A1), bilateral electrooculography, submental electromyo-
graphy, electrocardiography, and bilateral anterior tibial electro-
myography were performed. Oronasal airflow was monitored 
using a thermocouple sensor and a nasal prong pressure transducer 
(PTAF; Pro-Tec, Mukilteo, WA, USA). Thoracic and abdominal 
respiratory movements were monitored using respiratory inductive 
plethysmography (RIP; Inductotrace; Ambulatory Monitoring 
Inc., Brown Deer, WI, USA). Oxyhaemoglobin saturation was 
monitored using pulse oximetry (OLV-3100; Nihon Kohden, 
Kobe, Japan). Tracheal sound was recorded from an air-coupled 
microphone (ECM-PC60, Sony, Japan) attached to the neck over 
the trachea to quantify snoring. Each monitoring record was scored 
in 30-s epochs by dividing data into consecutive segments of 30-s 
length. A single sleep or awake stage out of 5 different stages (sleep 
stages N1, N2, N3, rapid eye movement (REM) and awake) was 
assigned to each epoch based on the scoring manual of American 
Academy of Sleep Medicine (AASM) (19) 

All 6 subjects discontinued antihistamines for 3 days prior to 
the PSG test. Scratching was measured in all subjects using Itch 
Tracker simultaneously with PSG. If 1 epoch contained scratching 
and the previous epoch did not, the previous epoch was considered 
as the pre-scratching epoch. If 1 epoch contained scratching and 
the next epoch did not, the next epoch was considered as the post-
scratching epoch. Pre- and post-scratching epochs were compared 
in order to investigate the change in sleep stages after scratching. 
Multiple sets of scratching were considered as 1 episode of scrat-
ching if they occurred one after another without intervals of 1 full 
epoch or longer (Fig. 1).

The study also evaluated sleep efficiency, the Wake-time After 
Sleep Onset (WASO), the total number of scratching episodes, 
and the total scratching time. Sleep efficiency (%) was defined 
as the total sleep time, which was the total time of different sleep 
stages (N1, N2, N3 and REM), divided by the total test time from 
bedtime to waking up. 

For statistical analysis, the correlation of EASI vs scratching 
time/number as well as POEM vs EASI and scratching time/
number was tested by Spearman’s correlation coefficient (Stata 
ver. 14.2., StataCorp LLC, College Station, TX, USA). Descriptive 
analysis was conducted for the other data.

RESULTS

Part 1 included 14 patients. There was a statistically 
significant positive correlation between EASI and the 
number of scratching episodes per h (r = 0.70, p = 0.0049) 
as well as between EASI and the total scratching time 
per h (r = 0.72, p = 0.0037) (Fig. 2a and 2b). In all cases 

Fig. 1. Examples of pre- and post-scratching epochs in the analysis of polysomnography (PSG) data. The PSG record was divided into consecutive 
epochs 30-s long. The data analysis determined the sleep stage in each epoch. If 1 epoch contained scratching and the previous epoch did not, the 
previous epoch was considered as the pre-scratching epoch. If 1 epoch contained scratching and the next epoch did not, the next epoch was considered 
as the post-scratching epoch. Pre- and post-scratching epochs were compared in order to investigate the change in sleep stages after scratching. Multiple 
sets of scratching were considered as 1 episode of scratching if they occurred one after another without intervals of 1 full epoch or longer.

http://medicaljournalssweden.se/actadv
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except for the one with the highest EASI score, there 
was an over 30-min blank time that passed without 
scratching. In the case with the highest EASI score, 
scratching was detected constantly through the night. 
The results of POEM were obtained in 12 cases, all 
patients and parents answered that it was itchy every 
day in the answer to Question 1 of POEM. There was 
no statistically-significant correlation of POEM scores 
vs EASI scores (r = 0.38, p = 0.20) (Fig. 2c), the number 
of scratching episodes per h (r = 0.36, p = 0.23) or the total 
scratching time per h (r = 0.41, p = 0.16). Likewise, there 
was no significant correlation between POEM scores and 
the number of night scratching or the total scratching 
time (data not shown). 

Part 2 included 6 patients. Although the number of 
cases followed up to the second or third visit was too 
small to perform statistical analysis, there was a tendency 
of positive correlation in the change in EASI, total scrat-
ching time per h, and POEM (Fig. 3). 

Part 3 included 6 patients. They had an EASI score 
of 13.7 ± 3.4 (meanvSD) and a sleep efficiency of 
90.0 ± 4.4% (mean ± SD) (Table I). Although all of the 
6 subjects had AD of moderate severity at the time of 
the test, 2 of them (a 10-year-old girl and a 14-year-old 
boy) had a standard medical treatment for AD for the 
first time within 1 week, and the severity of their eczema 
and itching was improving rapidly (Improving cases). 
The other 4 subjects were in the persistently moderate 
severity of AD for years despite the standard treatment 
(Persistent cases). The sleep efficiency had no tendency 
of correlation with EASI scores, but, instead, was rela-
tively high in the 2 Improving cases (95.4% and 93.5%) 
compared with the 4 Persistent cases (92.1%, 88.7%, 
85.7% and 84.6%) (Table I). There was a tendency to 
negative correlation between sleep efficiency and total 
number of scratching episodes.

As for the ratio of different sleep stages out of the total 
sleep time, N1 was 5.8 ± 2.0%, N2 was 44.1 ± 8.2%, N3 

Fig. 2. Correlation of Eczema Area and Severity Index (EASI) scores with scratching time/number and Patient-Oriented Eczema Measure 
(POEM) scores. There was a statistically-significant positive correlation between (a) EASI and the number of scratching episodes per h (r = 0.70, p = 0.0049) 
as well as between (b) EASI and the total scratching time per h (r = 0.72, p = 0.0037), whereas (c) there was no statistically-significant correlation of 
POEM scores vs EASI scores (r = 0.38, p = 0.20).

Fig. 3. Change in Eczema Area and Severity Index (EASI), scratching time per hour and Patient-Oriented Eczema Measure (POEM) after 
standard treatment. There was a tendency of positive correlation in the change of (a) EASI, (b) scratching time per h, and (c) POEM.

http://medicaljournalssweden.se/actadv
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was 29.0 ± 6.5%, and REM was 21.1 ± 3.7% (mean ± SD 
in 6 subjects). In a total of 67 episodes of scratching, the 
pre-scratching epochs were awake in 49.3%, N1 in 9.0%, 
N2 in 28.4%, N3 in 10.4%, and REM in 3.0% (Fig. 4). 
In the 34 episodes of scratching that had a pre-scratching 
epoch of any sleep stage, i.e. N1, N2, N3 or REM, the 
sleep stage in the pre-scratching epoch was either N1 or 
N2 (light sleep) in 73.5%, whereas N3 (deep sleep) in 
20.6%. In the same 34 episodes of scratching, the sleep 
stage was unchanged from the pre-scratching epoch to the 
post-scratching epoch in 58.8%, whereas the sleep stage 
became deeper in 5.9% and the sleep stage became lighter 
or changed to the awake stage in 35.3% (became lighter 
in 11.8%, changed to awake stage in 23.5%) (Fig. 5).

The total number of scratching episodes that had a 
pre-scratching epoch of any sleep stage, i.e. N1, N2, N3 
or REM, was higher in the Persistent cases compared 
with the Improving cases (7.5 vs 2.0, mean). In the 2 
Improving cases, the sleep stage was always unchanged 
after scratching. On the other hand, in the 30 episodes of 
scratching in the 4 Persistent cases, the sleep stage was 
unchanged in 53.3%, but became lighter or was changed 
to the awake stage in 40.0%.

DISCUSSION

The mechanism of sleep disorders in children with AD 
has not been clarified. It is known that itching worsens 
at night and might be related to sleep disorders (24). The 

current study results show that the higher the severity 
of AD, the longer the nocturnal scratching tends to be.

Actigraphy has been used in some previous studies 
to investigate sleep disturbance in adult and paediatric 
patients with AD by measuring body movement during 
sleep (13–17). It has also been demonstrated that the 
nocturnal scratching time estimated from actigraphy’s 
data correlates with the severity of AD (17). However, 
actigraphy potentially underestimates sleep time, since 
it is difficult for actigraphy to differentiate between 
scratching and other types of body movement, and long 
scratching could be considered as awakening, even if 
patients scratch while sleeping without awakening. To 
overcome this problem, the study used Itch Tracker to 
measure nocturnal scratching and PSG to evaluate sleep 
disturbance. Itch Tracker has a unique algorithm to detect 
scratching behaviour and it has been demonstrated to 
have high sensitivity and positive predictive values in 
adult patients with AD (12).

Table I. Details of 6 subjects participating in Part 3

Age, years/
Sex EASI

Status of 
dermatitis

Total 
recording 
time, min

Total sleep 
time, min

Sleep efficiency 
(%) WASO, min

Sleep onset 
latency, min

Total number 
of scratching 
episodes

Total 
scratching 
time, s

5/M 18 P 540 479 88.7 29 3.5 15 223.5
8/F 9.8 P 540 498 92.1 29 13.5 7 66.8
10/F 16 I 540 515 95.4 25 0 9 256.3
11/F 14 P 540 457 84.6 62 19 14 100.8
12/F 14.6 P 540 412 85.7 67 0 18 160.3
14/M 9.6 I 540 505 93.5 31 4 4 33.6

Mean 10.0 13.7 540 477.7 90.0 40.5 6.7 11.2 140.2
SD 3.2 3.4 0 38.2 4.4 18.8 7.8 75.3 88.5

M: male; F: female; I: improving cases in which treatment started within a week and the severity of eczema and itching was rapidly improving; P: persistent cases 
in which moderate eczema remained persistent for years despite standard treatment; Sleep efficiency (%): total sleep time/total recording time ×100; WASO: wake-
time after sleep onset; SD: standard deviation.

Fig. 4. Sleep and awake stages in pre- and post-scratching epochs. 
In a total of 67 episodes of scratching, the most frequent stage was awake, 
nearly 50%, which was followed by sleep stage N2, in both pre- and post-
scratching epochs. REM: rapid eye movement.

Fig. 5. Change in sleep stages after scratching. In the 34 episodes 
of scratching that had a pre-scratching epoch of any sleep stage, i.e. N1, 
N2, N3 or rapid eye movement (REM), the sleep stage became lighter or 
changed to the awake stage in 35.3% (became lighter in 11.8%, changed 
to awake stage in 23.5%) of episodes.

http://medicaljournalssweden.se/actadv
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Part 1 found that EASI scores correlated significantly 
with nocturnal scratching time and number of scratching 
episodes. Although EASI is a useful tool for assessing the 
severity of AD, EASI scores must be carefully compa-
red between different individuals with AD, because the 
results may vary depending on the assessing physicians. 
In this study, the same 2 physicians, both of whom have 
expertise in paediatric dermatology, always evaluated 
EASI together to avoid variation. The demonstrated cor-
relation of EASI scores with nocturnal scratching time 
and number was similar to the previous study with Itch 
Tracker in adult patients with AD (12). 

On the other hand, POEM scores did not significantly 
correlate with EASI scores nor with nocturnal scratching 
time/number. The result, that there was no significant 
correlation between POEM and EASI scores, is not 
surprising and is similar to a previous report in children 
with AD (25). Interestingly, all 12 cases had the same 
answer of “itching every day in the previous week” to 
Question 1 for the POEM, regardless of the severity of 
their AD. This indicates that the subjective evaluation 
of itch frequency is not sensitive enough to the severity 
of itch in patients.

The results of Part 2 showed that the nocturnal scrat-
ching time became shorter as the symptoms of AD 
(EASI and POEM) improved. In contrast, the nocturnal 
scratching time became longer in the 1 case in which 
the symptoms of AD worsened. This result indicates 
that the change in nocturnal scratching time is a good 
index reflecting the therapeutic efficacy in children with 
AD, similarly to the change in EASI and POEM scores. 
Although POEM scores are known to correlate well with 
the severity of AD in adult patients (26), the nocturnal 
scratching time would be a more useful index than POEM 
in children, as children are less capable and reliable in 
answering the POEM questions.

In Part 3 the sleep efficiency was 84.6% or higher in 
all of the 6 cases examined (mean ± SD; 90.0 ± 4.4%). 
This result is similar to the previously reported studies in 
which sleep efficiency was evaluated by PSG in children 
with AD (27–29). The sleep efficiency tends to be lower 
when it was measured by actigraphy compared with PSG 
(28). Although it was reported that children with AD had 
significantly reduced sleep efficiency, longer sleep onset 
latency, more sleep fragmentations, and less non-rapid 
eye movement (non-REM) sleep compared with healthy 
controls (28), the current study had no healthy controls 
and hence could not confirm these findings.

Previous reports on scratching during sleep found that 
scratching occurred mainly during light sleep stages, i.e. 
N1 and N2, and sporadically at the onset of sleep (28–30). 
The current results were similar to this, showing that the 
sleep stages in which scratching started were light stages, 
rather than deep stages. It remains to be clarified whether 
itching changes the sleep stage to a lighter one or itching 
is likely to be felt when the sleep stage is light.

It has been reported in a previous study using PSG 
focusing on the relationship between AD and quality of 
sleep in adult patients that the sleep stage often changed 
to a lighter stage after scratching and that deep sleep 
stages, i.e. N3 and N4, were shortened (30). In the cur-
rent study, the sleep stage changed to a lighter one or 
the awake stage in 35.3% of cases. This indicates that 
quality of sleep in children with AD is impaired due to 
scratching just as in adults. Moreover, the results of the 
current study show that the sleep stage changed to a 
lighter one or the awake stage after 40.0% of scratching 
episodes in children whose dermatitis was persistent, 
whereas the sleep stage never changed after scratching 
and the sleep efficiency was relatively high in children 
whose dermatitis was improving even though the EASI 
score was high and the total scratching time was long at 
the time, as in the case of a 10-year-old girl. Although this 
finding is based on a small number of cases, this might 
indicate that the impairment of quality of sleep due to 
scratching in patients with AD is not only linked to the 
absolute severity of dermatitis, but also to the direction of 
change in the severity of dermatitis, i.e. whether the seve-
rity of dermatitis is improving, persistent, or worsening. 

This study has some limitations. First, there was no 
healthy control group. Secondly, self-subjectivity and 
parental subjectivity were inevitably mixed in POEM 
scores. Since PSG was conducted only during 1 over-
night for each subject, it is expected that the subjects 
were not accustomed to the examination environment. 
Moreover, since PSG was conducted only for a small 
number of children with moderate AD, a further study 
with a larger number of children with both moderate 
and severe AD will be needed to verify the assumption 
obtained from this study. Even with these limitations, 
however, this study clearly demonstrates that the severity 
of AD correlates with nocturnal scratching time, and that 
nocturnal scratching can result in deterioration of quality 
of sleep by changing the sleep stage to a lighter one or 
to the awake stage. 

This is the first study to assess nocturnal scratching and 
evaluate its relationship with depth of sleep in children 
with AD using PSG and Itch Tracker at the same time. 
The results support that Itch Tracker is as applicable for 
children as for adults to measure nocturnal scratching. 
Since nocturnal scratching is an important factor in 
deterioration of quality of sleep, as has demonstrated in 
this study, Itch Tracker is expected to be a useful tool 
for the measurement of quality of sleep in patients with 
chronic pruritus.
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