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There is a widespread belief that subjective accounts of 
disease are key components of measures of disease seve-
rity and quality of life. In the present study we have set 
out to test this hypothesis using visual analogue scales 
(VAS) for itch, as a subjective measure, and actigraphy 
as an objective measure. One-hundred and seventeen 
itchy children and adults (and 25 controls) were studied 
for clusters of nights (total number 1,654) and actigraphy 
scores and VAS itch taken daily. Fifty-six percent of the 
night-to-night variation in actigraphy scores occurred 
between different individuals, while 44% was intra-sub-
ject. Neither age nor sex (children’s or adults’) predicted 
actigraphy scores, and the only significant predictor of 
actigraphy score was disease type (p = 0.001, r2 = 0.51). In 
a multivariate model VAS itch score was not a significant 
determinant of actigraphy scores for either children or 
adults (p = 0.26). In order to see if there was a relation bet-
ween VAS itch and actigraphy within the same patients 
(rather than between patients), 20 eczema patients wore 
the actigraph and scored VAS itch nightly for 42 nights. 
Little relationship was found between the actigraphy 
score and the VAS itch. Empirical autocorrelation analy-
sis of VAS itch and actigraphy score reveal a clear auto-
correlation for subjective VAS scores that was not found 
for the objective actigraphy score. Our data suggest a 
dissociation between scratch and perceived or recalled 
itch. One explanation is that VAS itch scores suffer from 
considerable anchoring, and context bias, and that their 
use in measures of disease severity is problematic. Key 
words: actigraphy; pruritus; visual analogue scale; bias.  
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In recent years there has been a considerable growth 
in interest in subjective measures of disease severity in 
dermatology (1–3). Much of the focus of this effort has 
been on attempts to measure the impact of disease on 

an individual sufferer, accepting that objective accounts 
may be inadequate to express disease impact. To take 
an example, the impact of psoriasis affecting, say, 50% 
of the body area may be greater in a person who likes to 
regularly swim compared with somebody who does not 
swim (4). An objective score such as the PASI (5) will 
not reflect these aspects of disease that are important 
(4). These arguments are widely acknowledged and ac-
cepted (6–8). 

Some measures of disease severity or disease impact 
include individual subjective measures such as itch. 
An example would be the SCORAD, which includes 
subjective accounts of itch using a visual analogue scale 
(VAS) (9). Inclusion of itch in such scores is predicated 
on the idea that distress due to itch may provide infor-
mation on suffering that is not fully accounted for by 
other measures (1, 10).

Measurement of itch presents its own problems (10). 
Itch is arguably the principal symptom of skin disease 
(10–12). Like pain, itch is subjective and it is difficult 
to see how it can be measured except by subjective ac-
count. However, much as pain has consequences – acute 
pain, for instance, may be accompanied by vocalisation, 
or an increase in heart rate – itch provokes the desire 
to scratch (10), a behaviour that may be independently 
verified. A number of strategies have been suggested for 
how to measure scratch and building on pioneering work 
by Felix & Shuster (13) we have used wristworn ac-
celerometers or actigraphs (Actiwatch Plus, Cambridge 
Neurotechnology), worn at night to record scratch as a 
proxy measure of itch, having validated this technique 
against infrared videoing of children and manual scoring 
of scratch movements (14, 15). As compared with earlier 
work, our focus has been to develop strategies that can 
be used by subjects in their own homes and that take 
advantage of digital recording and analytical methods. 
Others have followed analogous approaches (16–18). 
Our goal can be considered analogous to the use of peak 
flow meters to monitor disease severity in asthma, in that 
we wish to develop a symptom tool that can be used for 
longitudinal monitoring of disease activity. 

One unexpected finding from our previous work 
on children was that there was little relation between 
subjective accounts of itch and objective measurements 
recorded using an actigraph – despite the latter being 
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validated by direct observation of scratch behaviour 
through infrared videoing of children in bed at night 
(15). This raises an important issue: assessment, recall 
and formulation of subjective accounts may be prone 
to error or artefact (19–22). If this is accepted, then 
whatever the virtues of subjectively recalled impacts 
of disease, error remains.

Our aim in the present work was to explore the rela-
tion between subjective accounts of itch using visual 
analogue scales, and scratch assessed objectively using 
actigraphs. In the process we also wished to address 
some limitations of our previous work (14,15): rather 
than examining correlations between subjects, we exa-
mined scores for each subject at multiple time points 
such that within-person correlations between itch and 
scratch could be examined. Our results are subject to 
more than one interpretation, but suggest that subjective 
measures of itch in this particular context may indeed 
be prone to artefact, perhaps due to anchoring bias (7, 
23, 24), and that their uncritical use of them may be 
misleading. 

METHODS
Ethical permission was received from Lothian NHS Ethics 
Committee for all experiments. 

Study 1
Sixty-eight itchy adults and 50 itchy children were recruited. 
Twelve adult controls and 12 child controls also took part. The 
subjects were recruited from clinics at the Royal Infirmary of 
Edinburgh. In so far as was practical, consecutive eczema pa-
tients were approached and given information about the study. 
For inclusion in the study, all participants had to be older than 3 
months of age and be able to provide consent or have a parent/
guardian willing to do so. Subjects had to have been diagnosed 
by a Consultant Dermatologist as having a characteristically 
itchy skin condition and to have complained of an associated 
symptom of itch. Controls had no evidence of skin disease and 
reported no symptom of itch. The participants were given time 
to consider the invitation to take part in the study and then 
contacted again by telephone. Those who agreed to participate 
then had an appointment to meet the researcher arranged. Writ-
ten, informed consent was acquired from all participants and 
guardians of participants. 

Sample sizes were chosen opportunistically, based on avai-
lability and what was considered practical in the light of prior 
experiments (14, 15)

Table I details the subjects and specifies their diagnosis and 
characteristics. All the child subjects had atopic eczema. The 

broad groups of diagnoses for adult subjects were: eczema, 
psoriasis, cholestatic liver disease and pruritus of unknown 
cause (PUC). A total of 1,654 nights were studied: 1,573 subject 
nights and 81 control nights.

Subjects were requested to wear the actigraph on the wrist of 
their dominant hand (for consistency’s sake, but also please see 
reference for further explanation (14)) for three to seven nights. 
Every day of the study, the participants also completed 10-cm 
VAS for extent, itch and insomnia. In the case of children, adults 
(parent/guardian) completed the scores for the participants.

Study 2
Twenty patients were recruited. All were adult eczema patients 
attending the Royal Infirmary of Edinburgh. For inclusion into 
the study, the participant had to be 16 years old or over and have 
atopic dermatitis, as diagnosed by a Consultant Dermatologist. 
They were approached as described for Study 1 and similarly 
gave written, informed consent. Eleven females and nine men 
agreed to participate. Table I gives the subjects’ characteristics. 
(Although not a designated part of this study, SCORAD scores 
were available for the volunteers: the median was 34.2 with a 
range of 9.7 to 67.7). 

All subjects were issued with an actigraph and instructed 
to wear it on the wrist of their dominant hand every night for 
the next 42 nights. A total of 761 nights were studied (patients 
forgot to take part on some nights).

All subjects were issued with dated sheets showing the VAS 
for itch, disease extent and insomnia. All of the subjects had a 
‘ballot’ box and they were instructed to post each day’s scoring 
sheet into the ballot box immediately after completing it. The 
sheet for day 0 was completed and deposition demonstrated to 
the researcher by the participant. On (or as near to) day 21 of the 
study, the participant and researcher met so that the actigraph 
could be checked for full functionality. On (or as near to) day 
42 of the study, the researcher met with the participant to collect 
the actigraph and download its data, and to collect the completed 
forms – all, it was expected, to be contained in the ballot box.

Actigraphy
The digital accelerometer used was the Actiwatch Plus (Cam-
bridge Neurotechnology, Cambridge, United Kingdom). This 
instrument detects and measures movement by utilising a piezo-
electric accelerometer that logs the integration of intensity, 
amount and duration of movement in three axes. The Actiwatch 
senses and logs 32 times/s and a summation value is available 
for the measurement epoch. Epoch length was set at one mi-
nute. The Actiwatch is supplied with a proprietary reader that 
enables downloading to a computer. The digital accelerometer 
output was exported to software (Excel; Microsoft Ltd, Seattle, 
USA) for analysis. The nocturnal score was a simple sum of all 
the scores logged between 1 am and 5 am (a time range shown 
in previous unpublished studies to exclude most extraneous 
ambulatory movement).

Table I. Principal demographic characteristics of the study subjects

Total
n F:M ratio

Age, years Nights studied
n

AD
n

Psoriasis
n

PUC
n

Hepatic itch
nMean Range

Study 1 Child subjects 50 24:26 6.92 2–15 229 50 0 0 0
Child controls 12 10:2 10.33 6–14 42 N/A N/A N/A N/A
Adult subjects 67 40:27 43.5 16–78 1344 30 25 4 8
Adult controls 13 8:5 38.23 24–71 39 N/A N/A N/A N/A

Study 2 Adult subjects 20 9:11 40.55 16–67 761 20 0 0 0

AD: atopic dermatitis; PUC: pruritus of unknown cause; F: female; M: male. Subjects were classified according to age: child, <16 years; adult, >16 years.
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Statistical analyses
Data was managed using Excel (Microsoft Ltd, Seattle, USA.) 
and exported to ‘R’ v2.9 running on a Mac OS 10.6 for all 
statistical analyses (25). In order to differentiate between 
adults completing their own subjective symptom scores and 
child subjects – who required an adult to complete them for 
them – analyses which involved examination of VAS itch 
scores were conducted separately for those under and over 16 
years old. Actiwatch scores are non-normally distributed and 
were log-transformed (14, 15). For studies comparing disease 
groups, where data were available for more than one night, 
mean scores were used. 

Within- and between-night analyses were performed by 
ANOVA using person as a factor (26). Following univariate 
analyses, accelerometer scores were modelled using linear 
regression with sex and disease treated as factors and age and 
VAS as continuous variables. Non-significant terms were remo-
ved from the model and levels of each factor compared using 
pairwise Student’s t-tests with Holm’s correction (25,26). 

For Study 2, VAS itch and log actigraph scores were model-
led using a mixed-effect model with person as the unit using 
the nmle package in ‘R’. Since this does not take full account 
of the correlation structure, the autocorrelation function in ‘R’ 
(‘acf’) was used and moving model averages compared using 
ANOVA. Detailed exploration of different lag periods or diffe-
rent classes of time series models was not performed. Graphical 
representation of the autocorrelation structure shows to what 
extent a score on day n, is correlated with scores on subsequent 
successive days (n+1, n+2, n+3...).

RESULTS

Study 1

Determinants of actigraphy scores. For the majority of 
subjects, readings from three or more nights were avail-
able. Fifty-six percent of the variation was between-
person and 44% within-person (i.e. due to variation 
from night to night for the same person) (ANOVA). 
Means for each subject were calculated for subsequent 
analyses. Children (subjects <16 years old) and adults 
(>16 years) were examined separately. The total data 
set is shown in Fig. 1.

Children. Linear regression of log actigraphy scores 
showed no effect of age (p = 0.67) or sex (p = 0.365). 
As expected, scores were higher for subjects with 
atopic dermatitis than controls: mean log actigraphy 
score 9.02 vs. 8.29 (p = 0.021). VAS itch was not a 
significant predictor in either univariate (p = 0.261) 
or multivariate (p = 0.284) models. Fig. 2 shows the 
relation between actigraphy and VAS itch scores (the 
slope of the regression line shown is not significantly 
different from 0).

Adults. Sex and age had no effect on actigraphy scores. 
Mean log actigraphy scores were 10.4, 8.95, 8.43, 8.99 
and 8.14 in patients with liver disease, atopic dermati-
tis, psoriasis, pruritus of unknown cause and controls 
respectively. Measures of uncorrected effect can be 
seen in Fig. 1, and a matrix of Holm-corrected pairwise 

Student’s t-tests performed following linear regres-
sion using pooled error is shown in Table II. As can 
be seen, scores were significantly higher for subjects 
with liver disease compared with other disease groups 
and controls. Scores for subjects with atopic dermatitis, 
but not those with psoriasis, were significantly higher 
than in controls.

Mean VAS itch scores were 6.64, 4.83, 4.68 and 2.53 
in patients with liver disease, psoriasis, atopic dermatitis 
and patients with itch of unknown cause, respectively. 
The only significant difference between these groups 
was between those with liver disease and those with 
itch of unknown cause (p = 0.04; Student’s t-test). The 
spread of the values within each group was large.

Fig. 1. Study 1. Mean overnight actigraphy score for all participants (children 
and adults) separated by diagnosis: control, liver (= hepatic itch), unknown 
(= pruritus of unknown cause), psoriasis and atopic dermatitis.
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Fig. 2. Study 1. Regression analysis of children’s mean log overnight actigraphy 
score and visual analogue scale (VAS) itch score. A ‘best-fit’ regression line 
(slope not significantly different from 0) is shown.
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In univariate analyses both diagnosis (p < 0.001) and 
VAS itch (p = 0.042) were significant predictors of ac-
tigraphy scores, but the r2 value for VAS itch was only 
0.06 (r2 for diagnostic category = 0.51). Once diagnosis 
was entered into the regression equation, VAS itch was 
no longer significant (p = 0.27). The relation, by diag-
nostic group, between VAS itch score and actigraphy 
is shown in Fig. 3 (best-fit lines are shown, but their 
slopes do not differ significantly from 0).

Study 2

In a different cohort of 20 adults with eczema, ac-
tigraphy and VAS itch scores were recorded over 42 
nights. Scatter plots of VAS itch against actigraphy are 
shown for each of the twenty persons in Fig. 4. It can 
be seen that there appears to be little relation between 
actigraphy and VAS itch scores. Because scores from 
night to night for the same person cannot be assumed to 

be independent, we initially modelled the data using a 
mixed-effect model with person as the grouping factor. 
In order to take account of the correlation structure, 
we then compared this model (using ANOVA) with 
a simple moving average model using the corARMA 
function (25, 26) with a delay of 2 or 3 days. This model 
provided a better fit to the data (p < 0.001). The empi-
rical autocorrelation structure for VAS itch is shown 
in Fig. 5, with a dashed line representing statistical 
significance (p = 0.001) plotted. The autocorrelation 
bar crossing the p = 0.001 dashed line indicates that the 
data on successive days are highly correlated. This is 
most evident for lags of 1 to 3 days (the correlation on 
day 0 is of course perfect as the same figure is being 
compared), but the stepwise diminution of the height 
of the autocorrelation bar reflects a diminution of the 
correlation from any one day (n) over subsequent 
successive days (n+1, n+2, n+3...). No pattern for 
autocorrelation was seen for actigraphy scores (data 
not shown).

DISCUSSION

The current work builds upon previous studies and in 
large part confirms that the relation between objective 
measures of scratch and VAS itch is poor. Before discus-
sion, some limitations of the work are highlighted.

The work was based on those attending secondary 
care, and therefore was probably skewed towards pa-
tients with more severe disease, as reflected by the 
SCORAD scores. Patients were volunteers and, since 
the study involved a significant amount of time and 
contact with the investigators, the study group may not 

Table II. Summary of principal differences between actigraphy 
scores for adults by diagnostic group. Pairwise comparisons are 
made using Student’s t-tests with pooled error following linear 
regression. Mean log scores are: control, 8.14; liver, 10.4; PUC, 
8.99; psoriasis, 8.43 and AD, 8.95.

Control Liver PUC Psoriasis

Liver < 0.0001 – – –
PUC 0.0782 0.0034 – –
Psoriasis 0.3564 0.0001 0.3033 –
AD 0.0015 0.0001 0.8884 0.0184

PUC: pruritus of unknown cause; AD: atopic dermatitis.

Fig. 3. Study 1. Regression analysis of adults’ Actiwatch mean log overnight 
score and visual analogue scale (VAS) itch score separated by diagnostic group: 
psoriasis, unknown cause (= pruritus of unknown cause), atopic dermatitis 
and liver itch (= hepatic itch.) ‘Best-fit’ regression lines are shown (none of 
whose slopes is significantly different from 0).
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against mean log overnight actigraphy score for every participant.
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be typical of the reference population. We obviously 
were not able to control prospectively the severity of 
disease during the study period – if patient groups at 
the extreme end of the scale for symptom severity had 
been used, it is possible different conclusions might 
have been made, although the SCORAD scores for 
the eczema group were as high or higher than in many 
therapeutic trials.

In study 1 we have shown that there is no obvious 
relation between itch assessed using VAS scores and 
actigraphy scores for either children with atopic der-
matitis or adults with a range of diagnoses (see Fig 2 
and 3. Previous work has validated actigraphy against 
direct observation of children scratching at night, and 
both scratching and restlessness are correlated with each 
other, and higher in those with atopic dermatitis than in 
controls (14, 15). Itch-related behaviour at night is not 
as stereotyped as when awake, and actigraphy is, we be-
lieve, a useful practical assay for scratch when compared 
with the time-consuming nature of direct observation of 
video recordings. Although we analysed children and 
adults separately, we saw no influence of sex or age on 
actigraphy scores. The key determinant of differences in 
actigraphy scores was diagnostic group, with those with 
liver disease the most severely affected. This assumes, 
however, that restlessness due to other factors differing 
between diagnostic groups is not confounding our scores 
– an assumption that needs to be tested. Although VAS 
itch scores differed between the different diagnostic 
groups, the differences were largely non-significant, 
again emphasising a disconnect between VAS scores 
and actigraphy.

In study 1 we showed that approximately 60% of the 
recorded variation was between-subject and approx-
imately 40% within-subject. This fact emphasises that 
nocturnal movements vary from night to night within 
any one subject, and of course limits the power of ac-
tigraphy scores for experimental studies unless repeated 
sampling is carried out. It is quite possible that other 
factors – night of the week and work patterns – contri-
bute to this within-person variation, as well as variation 
in the disease that is causing the scratch. We have not 
specifically examined these factors. 

In study 2 we had a chance to look in more detail at 
the relation between VAS itch and actigraphy over time. 
Again, we saw little convincing relation, and examina-
tion of the autocorrelation shows a very different pat-
tern for actigraphy and VAS itch. The VAS itch scores 
clearly show an effect of lag, and the question is: why? 
We asked our subject to post their scores in an attempt 
to minimise the filling out of results in batches, and to 
limit knowledge of the score on one day influencing 
the score on the next day. This strategy is not foolproof 
and electronic diaries or other methods of continuous 
sampling would perhaps provide a better approach (27, 
28). We suspect that the presence of the temporal pattern 
for VAS itch scores (and not actigraphy) is more easily 
explained by subjects anchoring their scores based on 
recollection of previous scoring (7, 23). Whether or not 
this is indeed the correct interpretation, coupled with the 
results of study 1, our data suggest that the use of VAS 
scores for itch may be limited in their utility as a sub-
jective measure of disease activity in the context of the 
chronic diseases we studied. We suspect that objective 
scores such as actigraphy – however imperfect – deserve 
more attention for monitoring disease activity.
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