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Abstract
Background: The Patient-Oriented Eczema Measure (POEM) is the recommended 
core outcome instrument for atopic dermatitis (AD) symptoms. POEM is reported by 
recalling the presence/absence of seven symptoms in the last 7 days.
Objective: To evaluate measurement errors in POEM recordings due to imperfect 
recall.
Methods: Using data from a clinical trial of 247 AD patients aged 12–65 years, we 
analysed the reported POEM score (r-POEM) and the POEM derived from the corre-
sponding daily scores for the same seven symptoms without weekly recall (d-POEM). 
We quantified recall error by comparing the r-POEM and d-POEM for 777 patient-
weeks collected from 207 patients, and estimated two components of recall error: 
(1) recall bias due to systematic errors in measurements and (2) recall noise due to 
random errors in measurements, using a bespoke statistical model.
Results: POEM scores have a relatively low recall bias, but a high recall noise. Recall 
bias was estimated at 1.2 points lower for the r-POEM on average than the d-POEM, 
with a recall noise of 5.7 points. For example, a patient with a recall-free POEM of 11 
(moderate) could report their POEM score anywhere from 5 to 14 (with 95% probabil
ity) because of recall error. Model estimates suggested that patients tend to recall itch 
and dryness more often than experienced (positive bias of less than 1 day), but less 
often for the other symptoms (bleeding, cracking, flaking, oozing/weeping and sleep 
disturbance; negative bias ranging 1–4 days).
Conclusions: In this clinical trial data set, we found that patients tended to slightly 
underestimate their symptoms when reporting POEM, with significant variation in 
how well they were able to recall the frequency of their symptoms every time they 
reported POEM. A large recall noise should be taken into consideration when inter-
preting POEM scores.
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1  |  INTRODUC TION

Atopic dermatitis (AD) is the most common chronic skin condi-
tion, with a considerable adverse impact on individual patients 
and healthcare systems.1–4 AD is characterised by multiple objec-
tive physical signs (such as cracking and erythema) and subjective 
symptoms (such as itching and sleep disturbance). Several scores 
are used to measure the severity of AD and monitor changes in 
patients' disease state. The Harmonising Outcome Measures for 
Eczema (HOME) core outcome set for clinical trials of AD initiative5 
recommends using the Patient-Oriented Eczema Measure (POEM) 
and peak Numerical Rating Scale 11 for itch intensity over 24 h (NRS 
itch) to measure patient symptoms, the Eczema Area and Severity 
Index (EASI) to measure clinical signs, the Dermatology Life Quality 
Index questionnaires for adults, children, and infants (DLQI, CDLQI 
and IDQoL respectively) to measure quality of life and Recap of at-
opic eczema (RECAP) or AD Control Tool (ADCT) to assess long-term 
control. These scores help clinical decision-making, the evaluation of 
the effects of interventions in clinical trials,6,7 and can be useful for 
predicting the evolution of AD severity.8 It is therefore important to 
assess the properties of the scores, including their validity (whether 
the score measures what it is supposed to measure), reliability 
(whether the score is free from measurement errors), interpretabil-
ity (whether the score has a qualitative meaning) and responsiveness 
to change (whether the score can detect change in severity over 
time).9,10 These properties can be related to each other. For exam-
ple, a high level of measurement errors could impact the validity and 
interpretability of a score. In this context, measurement error refers 
to the difference between a measured quantity and its ‘true’ value 
and can be divided into two components: bias due to systematic er-
rors in measurements and noise due to random errors (Figure 1).11 
Bias refers to the average error between the measurement and its 
true value and noise refers to the variability/dispersion of errors, as 
opposed to the variance around the bias estimate.11

Six of the eight instruments (POEM, DLQI, CDLQI, IDQoL, 
RECAP and ADCT) listed above rely on weekly recall. When select-
ing the recall period of a patient-reported outcome (PRO) measure, 
it is important to ensure that patients/carers are able to recall symp-
toms easily and accurately.12 The Food and Drug Administration 
(FDA) reported that ‘PRO instruments that call for patients to rely 
on memory, especially if they must […] average their response over a 
period of time, are likely to undermine content validity’.13 Moreover, 
errors in the recall of symptoms may not be easily detectable if we 
do not have access to more frequently measured symptom data, 
such as those derived from daily diaries. Memory biases (cognitive 
heuristics), such as the peak-end rule (peak and recency effects on 
memory),14 likely play a role in the recall error. The length of recall 
periods may influence how patients interpret questions and select 
relevant information for responses.15,16 For instance, when report-
ing the frequency of anger symptoms, patients reported less severe 
and more frequent episodes when asked to recall symptoms over 
1 week compared to 1 year.17 Studies on weekly recall found that pa-
tients underestimate the frequency18,19 and overestimate the inten-
sity of their symptoms15,18; on average, patients had a harder time 
recalling the frequency of their symptoms than their intensity.18

G R A P H I C A L  A B S T R A C T
The Patient-Oriented Eczema Measure (POEM) is a recommended score to assess eczema symptoms from a patient's perspective with a 
weekly recall. Patients tended to slightly underestimate their symptoms when reporting POEM with significant recall noise. Recall errors 
should be considered when interpreting POEM scores. More research is needed to evaluate methods to reduce poor recall (such as aide-
memoirs).

Key messages

•	 POEM can be subject to large measurement errors, due 
to the imperfect recall of symptoms.

•	 Trial participants tended to slightly underestimate their 
symptoms when reporting POEM with significant recall 
noise.

•	 Recall errors should be considered when interpreting 
POEM scores and calculating sample size requirements.

 13652222, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cea.14441 by U

niversity O
f N

ottingham
, W

iley O
nline L

ibrary on [25/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  3DUVERDIER et al.

In this study, we focus on POEM. The POEM score summarises 
the presence of seven symptoms over the past week.20 Assessment 
requires patients (or caregivers) to recall the absence/presence of 
symptoms over the past 7 days. While POEM is widely used as a 
recommended score in practice, a systematic review identified that 
research on measurement errors in POEM has been inconclusive21; 
the two studies the review identified were of insufficient quality to 
interpret evidence of measurement error. More recently, a study 
aiming to predict AD severity found that POEM was subject to more 
measurement error than EASI and the objective component of the 
SCORing AD index (oSCORAD),22 which are based on physical ex-
amination at a single time point. To address this research gap in the 
literature, we carried out a series of analyses to quantify the recall 
error (measurement error due to imperfect recall of symptoms) in 
the reporting of the POEM score. We analysed data collected pre-
viously in a clinical trial of topical AD treatment which included 
weekly POEM scores and the corresponding daily scores for the 
seven symptoms of POEM, thereby providing a unique opportunity 
to compare the reported POEM susceptible to recall error with the 
POEM obtained from daily symptoms, without weekly recall.

2  |  METHODS

2.1  |  Data sources

In this study, we used data collected in a randomised trial sponsored 
by GlaxoSmithKline under Parexel project #225866 for dose-finding 
for a topical AD treatment. The trial recruited 247 patients aged 
12–65 years with mild to severe AD in Japan, USA and Canada.

The data we used included up to six measurements of POEM 
per patient and symptom scores, based on the content of POEM, 

recorded in daily electronic diaries over 16 weeks. During the trial, 
patients were asked to indicate the severity of the six AD symptoms 
(itchy skin, bleeding skin, oozing skin, cracked skin, flaky skin and 
dry or rough skin) in the past 24 h on a discrete scale ranging from 
0 (‘Absent’) to 10 (‘Worst imaginable’). Additionally, patients were 
asked to measure ‘sleep impact’ daily, on a scale of 0–10. The data 
was pre-processed according to the steps outlined in Supplementary 
Methods S1 in Data S1, Figures S1 and S2.

For the study we report in this article, the data were grouped 
into patient-weeks. Each patient-week record contains a POEM 
score and the matching daily diary entries from the same week for a 
specific patient and a specific week.

2.2  |  Definition of r-POEM and d-POEM: 
deriving POEM score without weekly recall from 
daily symptom scores

Here, we use the term ‘POEM’ to refer to the instrument itself (the 
set of questions patients are asked to complete to measure the 
POEM score) rather than its measured values. The POEM score is 
obtained from the self-assessment of seven symptoms (bleeding, 
cracking, dryness, flaking, itching, oozing/weeping and sleep dis-
turbance). Patients/carers are asked how many days each symptom 
occurred in the past week. Their answers are graded on a discrete 
scale from 0 to 4 (0 = ‘no days’, 1=‘1 or 2 days’, 2=‘3 or 4 days’, 3=‘5 
or 6 days’ and 4 = ‘7 days’). The graded answers for the seven symp-
toms are finally summed to produce a score taking discrete values 
between 0 and 28.

We use the term r-POEM to refer to the POEM score reported 
(recalled) by the patients in the study. r-POEM scores were mea-
sured by asking patients to recall their symptoms over the past 

F I G U R E  1  Illustration of measurement 
error. (A) Definition of bias and noise. (B) 
Schematic for high/low bias and noise. 
Bias refers to the average error between 
the measurement and its true value, and 
noise refers to the variability/dispersion 
of errors. Noise is a measure of the 
variability of recall errors, not the variance 
around the bias estimate.

(A)

(B)
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4  |    DUVERDIER et al.

week. To quantify recall error in the POEM score, we introduce 
d-POEM, which refers to the POEM score derived from the daily 
symptom scores' diaries without weekly recall. d-POEM scores 
were calculated from the daily symptom scores, using four steps 
outlined by the POEM definition (Figure 2). Firstly, the daily symp-
tom scores (0–10) were dichotomised into absence or presence (0 or 
1) by a threshold. The daily symptom scores represent the intensity 
of the symptom, while POEM records the frequency of symptoms; 
we used a threshold to convert the daily intensity scores to daily 
absence or presence of symptoms. If the daily symptom score was 
greater than or equal to the threshold, the symptom was consid-
ered present, otherwise absent (Figure 2A). We set the threshold 
to be 2 to minimise the sum of squared difference between r-
POEM and d-POEM scores (Figure S3A). Secondly, the number of 
days when each symptom was present was counted over a 7-day 
window (Figure 2B). Thirdly, the number of present days (0–7) for 
each symptom was graded (0–4) according to the POEM definition 
(Figure 2C). Finally, d-POEM score was obtained as the sum of the 
scores for each symptom (Figure 2D).

2.3  |  Analysis

2.3.1  |  Imputation of missing absence/presence of 
daily symptoms

Calculation of d-POEM scores requires daily symptom recordings for 
the 7 previous days. Our data allowed us to calculate d-POEM scores 
only for 202 (out of 845) patient-weeks because 30% of daily symp-
toms recordings were missing (12,271 out of 41,405) (Figure S2). To 
avoid discarding 76% (643 out of 845) of r-POEM scores that did 
not have the corresponding d-POEM score, we imputed missing 
absence/presence of daily symptoms using Markov chain models 
(MCM, Supplementary Methods S2 in Data  S1), with a prediction 
horizon of ≤7 days. The models were defined in the EczemaPred 
R package23 for each symptom and fit on the full data set of daily 
symptom scores (17,398 daily scores for each symptom from 247 
patients). A weakly informative prior was set on the transition matrix 
of the MCM, such that a patient's severity is more likely to transition 
to adjacent severity scores (e.g. 4–5) than to non-adjacent scores 

F I G U R E  2  Derivation of d-POEM scores (Patient-Oriented Eczema Measure scores without weekly recall) from the daily symptoms 
scores. The data are shown for a representative patient. (A) The daily symptom scores are dichotomised into daily presence (1 when daily 
score ≥ threshold) or absence (0 otherwise). (B) The number of days each symptom is present is counted over a 7 days window. (C) The number 
of present days for each symptom is graded according to the POEM definition (0 = ‘no days’, 1 = ‘1 or 2 days’, 2 = ‘3 or 4 days’, 3 = ‘5 or 6 days’ 
and 4 = ‘7 days’) to obtain d-POEM symptom scores. D) The d-POEM symptom scores are aggregated to obtain the d-POEM score.
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    |  5DUVERDIER et al.

(e.g. 1–10) (Figure S4). The performance of the imputation models 
was evaluated by 10-fold cross-validation stratified by patients on 
the full data set. We evaluated the ability of the models to predict 
absence/presence (the 0/1 classification accuracy) and to discrimi-
nate between the two classes (the area under the receiving operat-
ing characteristic curve, AUROC).

2.3.2  |  Quantification of recall error

We quantified recall error (measurement error due to imperfect 
recall of symptoms) as the difference between r-POEM (recalled 
POEM) and d-POEM (POEM without weekly recall) scores. We es-
timated recall bias and recall noise by calculating the average and 
standard deviation, respectively, of the difference between r-POEM 
and d-POEM scores (r-POEM – d-POEM). We also computed recall 
bias and recall noise for each symptom to understand how recall er-
rors can affect each symptom, because estimates for the aggregate 
POEM could be confounded by the prevalence of symptoms (e.g. 
low error if a symptom is less prevalent).

To complement estimates of recall error by the method above, we 
developed a bespoke statistical machine learning model to estimate 
recall bias and recall noise in the number of days each symptom was 
present in the week (Figure 3). We refer to this model as the recalled 
days model. The added benefit of using the recalled days model is that 
it provides estimates of recall error on a more interpretable scale (days) 
and is less affected by grading. The grading, that is, grouping of days 
in the POEM symptom scores (1=‘1 or 2 days’, 2=‘3 or 4 days’ etc.), 
may account for and buffer some of the recall error thereby improv-
ing the reliability of the POEM score. For example, even if a patient 

unreliably recalls 1 day with dry skin symptoms instead of 2, the 1 day 
difference is masked by the grading. To fully understand the ability of 
patients to recall symptoms, without the masking effects by grading, 
we estimated recall error in the number of days recalled. The recalled 
days model was used to infer recall bias and recall noise estimates for 
each symptom by comparing the number of days with symptoms pres-
ent according to daily diaries and the recalled number of days inferred 
from the r-POEM symptom score. For the n-th reported POEM symp-
tom score, the model assumes that the number of days (d̂n) a patient 
recalled experiencing the symptom (inferred from the r-POEM symp-
tom score) is distributed around the number of days (dn) the patient 
experienced the symptom (according to daily diaries) with a recall bias 
and noise (Figure 3, Supplementary Methods S3 in Data S1).

2.3.3  |  Fitting of statistical machine learning models

We fitted the MCM for imputation of missing absence/presence of 
daily symptoms and the statistical machine learning model (recalled 
days model) for estimation of recall error using Bayesian inference 
in the probabilistic programming language Stan.24 We used the 
Hamiltonian Monte Carlo algorithm with four chains of 4000 itera-
tions each, including a 50% warm-up. We found no evidence of an ab-
sence of convergence by monitoring trace plots and R-hat statistics.

3  |  RESULTS

3.1  |  Imputation of missing absence/presence of 
daily symptoms

The absence/presence of daily symptoms was imputed for 9842 
missing values (26% of daily symptoms used in the analysis), ena-
bling us to use data from 777 patient-weeks (collected from 207 
patients) (Figure  S2). The average classification accuracy across 
cross-validation folds for 1-day-ahead predictions (most frequent 
prediction horizon with 14,088/17,136 test observations) ranged 
from 90.8% to 94.8% and the AUROC from 0.94 to 0.96 for the seven 
symptoms (Figure S5). The average accuracy decreased with increas-
ing prediction horizon but remained greater than 81.4% for all symp-
toms, even for 7-day-ahead predictions (29 test observations).

3.2  |  Quantification of recall error

The r-POEM score was 1.2 points lower than d-POEM score on aver-
age (Figure 4A). Negative recall biases (patients reported lower r-POEM 
than d-POEM) were observed in most of the symptoms; recall biases 
remained fairly low, ranging from −0.28 to 0.05 across symptoms 
(Figure 4B). Recall noise was 5.7 for r-POEM scores (Figure 4C).

To provide more interpretable estimates of recall error, we esti-
mated the errors in terms of the number of days each symptom was 
present using the recalled days model. The estimated recall biases 

F I G U R E  3  Diagram of the recalled days model illustrated as 
a factor graph, where grey and white circles represent measured 
variables and latent (unmeasured) variables estimated by the 
model respectively. The model was fit to each of the seven POEM 
symptoms separately. The recalled number of days with symptom 
present is graded according to the POEM definition (0 = ‘no days’, 
1 = ‘1 or 2 days’, 2 = ‘3 or 4 days’, 3 = ‘5 or 6 days’ and 4 = ‘7 days’) 
to obtain the r-POEM (recalled Patient-Oriented Eczema Measure) 
symptom scores.
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6  |    DUVERDIER et al.

F I G U R E  4  Recall error in POEM and its seven symptoms. (A) Distribution of the pairwise difference between r-POEM and d-POEM 
(r-POEM – d-POEM); the dotted line indicates the average difference. (B–E) Recall bias and recall noise for the POEM score and its seven 
symptom scores (B,C) and those in the number of days each of the symptoms was experienced (D,E). r-POEM is the recalled POEM score, 
and d-POEM is the POEM score derived from the daily diaries without weekly recall. Average (B) and standard deviation (C) of the pairwise 
difference between r-POEM and d-POEM scores. Estimates (D,E) were obtained from the recalled days model (Supplementary Methods S3 
in Data S1); the inner and outer intervals are 95% and 80% credible intervals. A negative recall bias indicates patients recalled fewer days 
with symptoms than those according to their daily symptom scores. There is no recall error estimate for the POEM score (D,E) because the 
recalled number of days is defined only at the symptom level as answered in the POEM questionnaire.

(A)

(B)

(D) (E)

(C)
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    |  7DUVERDIER et al.

varied between symptoms and were positive or negative (Figure 4D). 
For example, patients tend to recall the presence of itch and dryness 
more often than they experienced (positive bias of less than 1 day), 
but recall fewer days for other five symptoms (negative bias ranging 
between 1 and 4 days across the symptoms). Recall noise was esti-
mated to be around 3 days for all seven symptoms (Figure 4E).

We conducted a sensitivity analysis on the threshold values used 
to calculate d-POEM scores (Figures  S3 and S6, Supplementary 
Results S4 in Data S1). The threshold (=2) used in this study results 
in the smallest recall error in the POEM score (Figure S3A) and the 
recall bias being closest to 0 (Figure  S6A). The recall noise varied 
from 4.5 to 6.2, across the threshold values (Figure S6C).

To illustrate the effect of recall bias and recall noise on the 
measurement of r-POEM, we estimated the distribution of r-POEM 
score of three representative patients (Table S1) with mild (d-POEM 
score = 5), moderate (d-POEM = 11) and severe (d-POEM = 21) AD, 
using the recalled days model (Figure 5). A patient with mild d-POEM 
could report an r-POEM score anywhere between 2 and 11 (with 
95% probability), with an average r-POEM score of 6.4 (Figure 5A). 
A patient with moderate d-POEM could report an r-POEM between 
5 and 14 (with 95% probability), with an average r-POEM score of 
10.0 (Figure  5B). A patient with severe d-POEM could report an 
r-POEM between 9 and 20 (with 95% probability), with an average 
of 14.9 (Figure 5C).

We also conducted a complete case analysis without imputation 
and confirmed that our results were not sensitive to the imputation 
of missing absence/presence of daily symptoms (Supplementary 
Results S5 in Data S1, Figures S7 and S8).

4  |  DISCUSSION

Herein, we reported the first detailed investigation of recall error in 
the measurement of POEM. We analysed data collected from 247 
patients with mild to severe AD and demonstrated evidence of recall 
error in POEM; the patients tended to underestimate their symp-
toms when reporting POEM, recalling fewer days with symptoms 
than they experienced, with significant recall noise.

The extent of recall error is likely to vary for different cohorts of 
patients; we found recall error to vary between symptoms and symp-
toms' severity and patients with different patterns of symptoms may 
exhibit different recall biases. Symptoms that are more bothersome 
may be more accurately recalled or even slightly overestimated. For 
instance, itching and dryness have the smallest recall biases, both 
of which are slightly positive. Less prevalent symptoms, like oozing, 
have larger recall biases and are generally underestimated.

4.1  |  Implications for clinical trials

PROs (collected daily or weekly) allow collection of data between 
clinic visits and can be a useful way to capture data at multiple time-
points with minimal burden in chronic-relapsing conditions such as 
AD. Recall bias may have little impact on the interpretation of data 
collected with weekly recall in randomised controlled trials, since 
well-matched groups would be equally affected. However, a large 
recall noise may impact the interpretation of results. A larger meas-
urement noise means the need for a larger sample size to detect a 
given effect size.25–27 Future trials should consider recall noise when 
performing power analysis and calculation of sample size require-
ments because measurement noise reduces the power of a clinical 
trial.25,27 Low power reduces the chance of detecting a true effect 
and the chance that a statistically significant result reflects a true 
effect.28 This means that low-powered studies may falsely claim no 
treatment effect (false negative), especially if looking for small ef-
fects,25 or report a statistically significant result that does not rep-
resent a true treatment effect (false positive).28 It is important to 
consider a large recall noise in POEM when interpreting results from 
previous clinical trials using POEM.

4.2  |  Strengths and limitations

We demonstrated that missing value imputation can be easily inte-
grated in an analytical workflow using simple yet accurate models, 
while missing values may be seen as an obstacle to working with 

F I G U R E  5  Distribution of r-POEM predicted by the recalled days model for three representative patients with (A) mild (d-POEM of 5), 
(B) moderate (d-POEM of 11) and (C) severe atopic dermatitis (d-POEM of 21). The purple bar and dotted blue line indicate the d-POEM 
score and the average predicted r-POEM respectively. A patient was randomly selected from each of mild, moderate and severe AD patients 
in the data set. r-POEM is the recalled POEM score, and d-POEM is the POEM score derived from the daily diaries without weekly recall.

(A) (B) (C)
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8  |    DUVERDIER et al.

daily recordings. We implemented statistical models (Markov chain 
models) to impute missing absence/presence of daily symptoms with 
high accuracy. It allowed us to triple the number of patient-weeks 
used in the analysis. To ensure the high accuracy, we imputed only 
missing daily symptoms with a prediction horizon of 7 days or less. 
We confirmed that our results on recall error were not sensitive to 
the missing data imputation.

We also designed a bespoke statistical machine learning model 
to quantify recall error in the number of days patients recalled the 
presence of each symptom. The model provides estimates that are 
less affected by the grading, allowing for a better understanding 
of the recall ability of patients, and on a more interpretable scale 
(days). For example, the conventional approach (calculating the re-
call error by r-POEM – d-POEM) indicated that sleep had a recall 
bias of approximately −0.3. Using the recalled days model, we found 
that sleep had a recall bias of approximately −2 days, meaning that 
patients tend to recall symptoms 2 days less than they experienced 
according to their daily diaries.

We used a unique data set with weekly- and daily-reported AD 
symptoms collected prospectively. However, the two outcomes 
were not collected in the same way. POEM records the frequency 
of symptoms, while the daily data were based on the intensity of 
symptoms. To calculate the recall-free frequency of symptoms, we 
dichotomised the intensity of daily symptoms into a binary absence/
presence variable; this dichotomisation could have contributed 
to measurement error. Dichotomising intensity is inherent to the 
POEM score: When patients report their scores, they decide what 
they consider as absence/presence of symptoms. In this study, we 
assumed a single constant threshold for absence/presence of symp-
toms for all symptoms and patients; this is a pragmatic assumption 
as any patient- or time-specific scoring would make any quantitative 
analysis difficult. The sensitivity analysis showed that using differ-
ent thresholds would not affect our conclusion that POEM can be 
subject to large recall errors. Dichotomising intensity to absence/
presence in previous studies18,29 also often used the same threshold 
across symptoms.

The recall error estimated in this study is a combination of the ac-
tual recall error and any potential error from the dichotomisation pro-
cess. We chose a threshold that minimises the difference between 
r-POEM and d-POEM scores. Future research could investigate how 
patients determine absence/presence of symptoms to understand 
how the POEM should be interpreted. For example, a study on how 
patients interpret frequency questions has demonstrated that short 
recall periods encourage the reporting of more minor events than 
longer periods.17 In our data set, recall error was smallest with a 
threshold of 2, rather than a threshold of 1; a higher threshold may 
compensate for the reporting of more minor events in the 24 h recall 
period of the daily diaries than the week of POEM.

While we demonstrated that patient-reported POEM has a large 
noise due to imperfect recall, it is unclear how patients actually 
complete the POEM questionnaire. The measurement process may 
be more complex than simply recalling the frequency of a symptom 
around the ‘true’ frequency, shifted by a constant bias. For example, 

responses could be disproportionally influenced by recent symp-
toms. Unfortunately, we could not find conclusive evidence of re-
cency bias due to multicollinearity in the daily symptom recordings 
(scores are correlated with previous scores) and a low signal-to-noise 
ratio in the data. More research is needed to evaluate the recency 
bias in POEM. We did not estimate patient-specific recall bias and 
noise in a multilevel model due to the insufficient number of obser-
vations per patient (up to four), although recall error could also be 
patient-dependent. Other types of measurement errors beyond the 
recall error quantified in this study could also be investigated.

5  |  CONCLUSION

We have shown that POEM can be subject to a large recall noise, but 
a fairly low recall bias. More research is required to determine the 
impact of measurement errors on other weekly reported outcome 
instruments and to evaluate interventions (such as the use of aide-
memoires) aimed at reducing recall error.
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