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Development and Validation of an
Algorithm to Accurately Identify Atopic
Eczema Patients in Primary Care Electronic
Health Records from the UK

Katrina Abuabara', Alexa M. Magyari”, Ole Hoffstad’, Zarif K. Jabbar-Lopez”, Liam Smeeth’,
Hywel C. Williams®, Joel M. Gelfand®’, David J. Margolis’” and Sinead M. Langan’

Electronic health records hold great promise for clinical and epidemiologic research. Undertaking atopic
eczema (AE) research using such data is challenging because of its episodic and heterogeneous nature. We
sought to develop and validate a diagnostic algorithm that identifies AE cases based on codes used for elec-
tronic records used in the UK Health Improvement Network. We found that at least one of five diagnosis codes
plus two treatment codes for any skin-directed therapy were likely to accurately identify patients with AE. To
validate this algorithm, a questionnaire was sent to the physicians of 200 randomly selected children and adults.
The primary outcome, positive predictive value for a physician-confirmed diagnosis of AE, was 86% (95%
confidence interval = 80—91). Additional criteria increased the PPV up to 95% but would miss up to 89% of
individuals with physician-confirmed AE. The first and last entered diaghosis codes for individuals showed
good agreement with the physician-confirmed age at onset and last disease activity; the mean difference was 0.8
years (95% confidence interval = —0.3 to 1.9) and —1.3 years (95% confidence interval = —2.5 to —0.1),
respectively. A combination of diagnostic and prescription codes can be used to reliably estimate the diagnosis
and duration of AE from The Health Improvement Network primary care electronic health records in the UK.
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INTRODUCTION

Atopic eczema (AE, synonymous with atopic dermatitis and
commonly referred to as eczema) is one of the 50 most
burdensome diseases worldwide (Vos et al., 2012, Weidinger
and Novak, 2016). Therefore, there is great interest in un-
derstanding its causes, natural history, and potential associ-
ations with comorbid conditions. However, most studies rely
on highly selected specialty clinic populations, cross-
sectional studies, or self-reported data and are prone to bias
and limited generalizability (Asher et al., 1995; Deckert
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et al., 2014). Representative population-level data with vali-
dated diagnoses and longitudinal follow-up are needed.
Electronic health data from primary care practices in the
UK present an opportunity to directly address many of the
unanswered questions about long-term outcomes in AE in
particular. They are representative of the general population,
include relatively long-term follow-up of both children and
adults, and are appropriate for the study of AE because 97%
of patients are managed by general practitioners in the UK
(Emerson et al., 1998; Schofield et al., 2009). However, these
data were created for administrative and clinical purposes,
not designed specifically for research, and it is therefore
critically important that the validity of AE diagnoses in these
data sources is understood (Manuel et al., 2010). Because AE
is a heterogeneous and episodic condition with nonspecific
terminology, there exists high potential for misclassification
of diagnosis and duration of disease. There is no single
diagnostic test for AE, and it can be challenging to diagnose
in population-based studies because of its variability in
morphology, distribution, and periodicity. The diagnosis re-
lies on clinical judgment based on a combination of history
and physical examination. Previous studies using UK primary
care data to identify patients with AE report wide variations in
prevalence from 0—38% based on the coding algorithm used
(Anandan et al., 2009; Carey et al., 2003; McKeever et al.,
2001, 2002, 2004; Punekar and Sheikh, 2009; Simpson
et al., 2002, 2009). Moreover, there is some evidence that
chronic diseases, such as AE, may be more poorly recorded
over time in UK general practice data, because general
practitioners are not required to enter codes on each
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Table 1. Distribution of codes in the entire THIN database, %

Codes

Total Children (Ages 0—17)" Adults (Ages 18+)"

N = 9,775,618

n = 1,404,158 n = 8,371,460

Diagnosis codes
AD/eczema M111.00
Infantile eczema M112.00
Flexural eczema M113.00
Allergic/intrinsic eczema M114.00
Eczema not otherwise specified M122100
One or more of the five codes listed above
Two or more of the five codes listed above
One or more of 32 likely eczema codes’
One or more of 74 possible eczema codes’
Prescription codes
One or more prescription for any AD-related therapy’
One or more prescription for a topical steroid or calcineurin inhibitor’
One or more prescription for an AD-related systemic treatment’
Other codes
One or more exclusionary condition®
One or more dermatology consult code
One or more biopsy or patch testing code

6 13 5
1 7 0
1 2 0
0 0 0
6 8 6
13 23 11
4 10 4
14 25 13
29 47 26
45 57 42
39 42 38
1 0 1
3
2 5

Abbreviation: AD, atopic dermatitis.

Ages as of January 2013; among adults, codes may have occurred before age 18 years.

2See Supplementary Table S1.

*Includes topical skin preparations, topical steroids, topical calcineurin inhibitors, topical anti-infective treatments, and systemic treatments (including
methotrexate, azathioprine, mycophenolate, cyclosporine, biologics, or phototherapy); see Supplementary Table S2.

“See Supplementary Table S3 online.

occasion for chronic conditions (Jordan et al., 2004; Khan
et al., 2010).

This study aimed to enhance identification of patients with
AE within electronic health records. The objectives were to
develop and validate a diagnostic algorithm for AE that
identifies cases based on codes and, secondarily, to examine
the agreement between physician report and codes for AE
disease onset, duration, and severity.

RESULTS

Algorithm development

A list of potential AE diagnosis and treatment codes was
developed by using a keyword search and examining affiliated
codes (see Supplementary Table S1 online), and the five most
common and specific codes for AE were chosen to identify
those likely to have AE: M111.00 atopic dermatitis/eczema,
M1120.0 infantile eczema, M113.00 flexural eczema,
M11400 allergic/intrinsic eczema, and M12z100 eczema not
otherwise specified. When we examined the frequency of
medical codes among individual patients, we found that
including 32 codes likely to be related to AE rather than only
the five most common codes only slightly increased the
number of individuals identified but that including up to 74
possible AE codes nearly doubled the number of individuals
identified (Table 1). The distribution of some codes varied be-
tween children and adults; for example, M1120.0/infantile
eczema was more commonly used in children.

Despite the chronicity of AE, any of the five most common
diagnosis codes were rarely repeated in the database; overall,
patients had a mean of 1.2 (standard deviation = 0.5) codes
during 5.6 years (standard deviation = 8.0) of follow-up. Because
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AE is by definition a chronic condition, it was important to
include more than one code in our algorithm, but requiring in-
dividuals to have two or more diagnosis codes would exclude
more than 80% of the potential AE population. Therefore, the
distribution of treatment codes was also examined. In the UK,
medical record codes and treatment codes can be entered
independently (i.e., a prescription code does not require an
associated diagnostic code). Prescriptions, including emollient
preparations, are available through the National Health Service,
so we examined prescription codes for all potential relevant
therapies including topical emollients, topical steroids, topical
calcineurin inhibitors, topical anti-infective treatments, and sys-
temic immunomodulatory medications (including methotrexate,
azathioprine, mycophenolate, cyclosporine, or biologics) based
on British National Formulary groupings and phototherapy codes
(Joint Formulary Committee, 2015) (see Supplementary Table S2
online). Because prescriptions are free of charge for children
only, we stratified our analyses by age (i.e., children younger than
18 years vs. adults). We also specifically examined the use of
topical steroids and topical calcineurin inhibitors (which are
likely to be more specific for AE). To ensure that we captured
patients with chronic AE in our algorithm, we chose to include
patients with at least one of the five medical codes frequently
used for AE as listed and at least two treatment codes for any AE-
related therapy on separate dates (at any time point relative to the
AE diagnosis, because symptoms may precede the actual
diagnosis).

Physician survey
To validate the algorithm for AE, we surveyed the physicians
of a random sample of 100 children (<18 years of age) and
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Primary algorithm

At least 1 diagnosis code* PLUS at least 2 treatment codes**
N=1,280,906

Transferred out, died, other (40%)
Unacceptable record (4%)
Practice doesn't participate in AlS (66%)

Figure 1. Flow chart showing the
sampling of patients from THIN and
resulting classification. *Any of the
five most commonly used Read codes
(atopic dermatitis/feczema M111.00,
infantile eczema M112.00, flexural

Number of eligible cases available for validation
215,320

y
Random Sample
100 children
100 adults

o 7 Cases (4 adults and 3 children)
with no response

193 surveys (96 children and 97 adults) available for analysis

189 surveys with data on eczema

163 (86%) 26 (14%)
Physician confirmed Number of cases
diagnoses not validated

100 adults (Figure 1). The response rate was 97% overall
(96% for adults and 97% for children), and there was no
significant difference in response rate by age or sex. The al-
gorithm for identifying patients with AE performed well, and
there were no significant differences in codes between those
with and without physician-confirmed AE (Table 2). The
positive predictive value (PPV) for a single diagnostic code
and at least two treatment codes was 86% overall (95%
confidence interval [CI] = 80—91) and was higher among
children (90%) than adults (82%), although this difference
was not statistically significant (Pearson y*> = 2.76, P =
0.097).

When we examined whether the use of more stringent
criteria would improve the prediction of physician-confirmed
AE, we found that adding additional criteria to the algorithm
had the potential to increase the PPV but would result in
smaller numbers of individuals being detected (Table 3). For
example, requiring two AE codes would increase the PPV to
91% but would detect only 83 of 163 (51%) of those with
physician-confirmed AE. Similarly, requiring a dermatology
consultation code in addition to the AE and prescription
codes would increase the PPV to 95% but would detect only
18 of 163 (11%) of those with physician-confirmed AE.
Requiring the prescriptions to be for medications more spe-
cific to AE (i.e., topical steroids or calcineurin inhibitors) did
not significantly change the PPV.

The average age of onset and oldest age of disease activity
requiring physician contact estimated using codes from the
database were similar to what physicians reported (Table 4).
The mean estimated ages at onset using the first diagnosis
code or the first treatment code were both slightly younger
than the physician estimate (mean difference = 0.8 years,
95% Cl = —0.3 to 1.9 and mean difference = 0.4 years, 95%
Cl = —0.8 to 1.7, respectively), and 76% of estimates were
within 1 year of each other. The mean estimated age at last
date of AE activity using the last diagnosis code or last
treatment code were both older than the physician estimate
(mean difference = —1.3 years, 95% Cl = —2.5 to —0.1 and
mean difference = —3.9 years, 95% Cl = —5.3 to —2.4,

eczema M113.00, allergic/intrinsic
eczema M114.00, or eczema not
otherwise specified M12z100). **Any
code for topical emollients, topical
steroids, topical calcineurin inhibitors,
topical anti-infective treatments,
systemic immunomodulatory
medications (including methotrexate,
azathioprine, mycophenolate,
cyclosporine, or biologics) or
phototherapy on separate days; see
Supplementary Table S2). AlS,
Additional Information Services;
THIN, The Health Improvement
Network.

respectively), and 79% of estimates within 5 years of each
other. Bland-Altman plots for all estimates are shown in
Supplementary Figure ST online. When we stratified these
estimates by age comparing children under age 18 years
versus adults we found similar results (see Supplementary
Table S4).

In our sample, 48 patients were reported by the physician
to have had symptoms in the year prior to their last visit, 27
(56%) of whom were assessed as having mild disease and 19
(40%) of who were assessed as having moderate disease
based on the severity descriptions in the National Institute for
Health and Care Excellence guidelines. Patients with mod-
erate disease had more treatment codes during that year than
patients with mild disease (median =5 vs. 2, P-value for two-
sample Wilcoxon rank sum test = 0.887). None were re-
ported to have severe disease, limiting our ability to draw any
conclusions about the validity of medical record codes to
predict disease severity.

Finally, we assessed whether physicians would be able to
adequately respond to the UK Working Party criteria (origi-
nally designed for in-person assessment), enabling us to
compare a set of well-validated criteria for use in large
epidemiologic studies with our outcomes in routinely
collected electronic health data. For each question, we gave
physicians the option of choosing Don’t know. The high
number of uncertain responses resulted in poor ability to
discriminate between those with and without AE (see
Supplementary Table S5 online). We found that only 52
(32%) of those with physician-confirmed AE in our sample
met the criteria (an itchy skin condition plus at least three of
the following: flexural involvement, history of asthma/hay
fever, history of generalized dry skin, onset of rash at younger
than age 2 years, and visible flexural dermatitis).

DISCUSSION

Interpretation of main findings

Patients with AE were accurately identified if they had at least
one AE diagnostic code and at least two prescription codes
for AE-related treatments in a large electronic medical record
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Table 2. Survey sample characteristics

; Chi-Square or Fisher’s

Survey Responses Total' Confirmed Eczema' No Eczema' P-Value
All participants, n (%) 200 (100) 163 (81.5) 26 (13)
Diagnosis codes, n (%)
AD/eczema M111.00 116 (58) 98 (60) 13 (50) 0.330
Infantile eczema M112.00 30 (15) 24 (15) 4 (15) 0.930
Flexural eczema M113.00 16 (8) 13 (8) 2 (8) 0.960
Allergic/intrinsic eczema M114.00 3(2) 3(2) 0(0) 0.486
Eczema not otherwise specified M12z100 86 (43) 73 (45) 9 (34) 0.331
Mean number (SD) of the five eczema codes listed above 1.3 (0.5) 1.3 (0.6) 1.1 (0.3) 0.051
Mean number (SD) of 32 likely eczema codes” 2.6 (2.9) 2.8 (3.1) 1.7.(1.2) 0.070
Mean number (SD) of 74 possible eczema codes” 4.0 (3.8) 4.1 (3.9 3.2 3.3) 0.271
Prescription codes
Mean number (SD) of prescriptions for any AD-related therapyg 16.3 (24.5) 17.5 (26) 11.1 (15.0) 0.226
Mean number (SD) of topical steroid or calcineurin inhibitor prescriptions’ 9 (15) 6.6 (8.9) 6.5 (7.9) 0.953
Mean number (SD) of AD-related systemic treatment codes’ 0.4 (5.8 0.5 (6.4) 0 (0) 0.691
Other
Mean number (SD) of exclusionary diagnostic codes” 0.4 (1.7) 0.3 (0.7) 0.5 (1.6) 0.281
Total (%) with at least one exclusionary condition” 29 (15) 25 (15.3) 3 (11.5)
Mean number (SD) of diagnostic procedure (biopsy or patch testing) codes” 0 0 0 N/A
Mean number (SD) of dermatology consultation codes” 0.2 (1.1) 0.3 (1.6) 0.0 (0.2) 0.308
Total (%) with at least one dermatology consultation code 19 (10) 18 (11) 1(4)
History of atopy, n (%)’ 64 (39) 56 (41) 6 (24) 0.110
Male, n (%) 100 (50) 86 (53) 9 (35) 0.086

Abbreviation: AD, atopic dermatitis; N/A, not applicable; SD, standard deviation.
'Columns do not sum to 200 because of missing values (seven unreturned surveys and four returned surveys missing a response to the eczema question).

2See Supplementary Table S1.

*Includes topical skin preparations, topical steroids, topical calcineurin inhibitors, topical anti-infective treatments, and AD-related systemic treatments
(including methotrexate, azathioprine, mycophenolate, cyclosporine, biologics, or phototherapy); see Supplementary Table S2.

“See Supplementary Table S3.

®Per physician response on survey; defined as a history of other atopic disease (e.g., asthma or allergic rhinitis) for adults or a family history of atopic disease

in a first degree relative if aged under 4 years.

database representative of the general population in the UK.
The PPV, or probability that individuals identified by our al-
gorithm truly have the disease as determined by their doctors,
was 86%, which is similar to the PPV of coding algorithms for
other chronic diseases in routinely collected data (Khan et al.,
2010). The PPV was higher in children, but the algorithm still
performed well to identify adults with AE.

This study indicates that the types, number, and frequency
of codes used to identify AE patients in routinely collected
data are important because small differences have the po-
tential to cause substantial misclassification. After examining
the distribution of all codes potentially related to AE, we
chose to use the five most common AE codes in addition to
treatment codes for the primary algorithm. As shown in
Table 1, expanding the definition from five to 32 codes (likely
related to AE but rarely used) would have increased the
proportion of the population identified only from 13% to
14%, so we opted for the more parsimonious algorithm. In
contrast, using a single code to define AE, for example AD/
eczema (M111.00), would identify far fewer individuals (only
6% of the population). Although it was impractical and
prohibitively costly to sample enough physicians to calculate
the sensitivity, specificity, and predictive value of each of
these variations, we present the proportion of patients iden-
tified by each set of codes to illustrate the potential magni-
tude of misclassification. We were able to calculate post hoc
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changes in the PPV caused by adding criteria to our algo-
rithm. Inclusion of a second diagnosis code, allergy code, or
consult code all increased the PPV but would have identified
far fewer patients. The ideal balance between these factors
depends on the research question. For example, an algorithm
with a very high PPV that captures only a fraction of those
with disease may be acceptable for a case-control study. On
the other hand, the ideal algorithm for a prevalence study
would aim to assess the total population burden accurately
and may include more patients with mild or marginal
disease.

Because AE is a chronic condition, we explored the pos-
sibility of using codes from more than one time point to
identify patients. In the UK, providers are not required to re-
enter codes for chronic conditions, and only 36% of in-
dividuals had more than one AE diagnosis code. Treatment
codes, which can be entered independently from diagnostic
codes, were used more frequently and were therefore
included in the algorithm. When selecting the treatments, we
opted for an inclusive approach and used all potential AE-
related treatments, even emollients, as listed under British
National Formulary categories. This approach may include
treatments not specifically for AE, so we examined the per-
formance of a more limited definition of treatments (only
topical steroids or topical calcineurin inhibitors) and found
that it did not change the PPV but would identify 4—18%
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Children Adults (Ages
All (Ages 0—17) 18+)
True % of Patients with
Positive/All  Confirmed Eczema PPV, 95% PPV, 95% PPV, 95%
Positive Identified % Cl % Cl % Cl

Baseline algorithm; one of five eczema codes + at least two 163/189 N/A 86 80—91 90 83-96 82 7389
treatment codes on separate dates (survey selection criteria)
Alternative algorithms'
Baseline algorithm; at least one treatment is a topical steroid/TCI ~ 157/183 96 86 80—91 90 81-95 82 73-89
code
Baseline algorithm; at least two treatments are topical steroid/TClI ~ 133/153 82 87 81-92 91 82-97 84 74-91
codes
Baseline algorithm; at least one treatment is a topical steroid/TClI 81/92 50 88 80—94 92 8098 84 70-94
code either 3 months before or up to 1 year after the eczema code
Baseline algorithm + an additional eczema code (two eczema 83/91 51 91 83-96 94 82-99 88 74-96
codes total)
Baseline algorithm + an additional eczema code (two eczema 82/90 50 91 83—96 94 83—99 88 74—96
codes total); at least one treatment is a topical steroid/TCl code
Baseline algorithm + an additional eczema code (two eczema 133/153 82 87 81—92 91 82-97 84 74-91
codes total); at least two treatments are topical steroid/TCl code
Baseline algorithm + no exclusionary condition code 138/161 85 86 79-91 89 81-95 82 71-90
Baseline algorithm + asthma or rhinitis code 52/56 32 93 83-98 95 76100 91 77-98
Baseline algorithm + dermatology consult code 18/19 11 95 74-100 100 54—100 92 64—100

Abbreviations: Cl, confidence interval; PPV, positive predictive value; TCl, topical calcineurin inhibitor.

'See Supplementary Tables S2 and S3 for lists of codes.

fewer patients (Table 3). Of note, 22% of individuals with one
of the five most common medical codes never received any
treatment codes. Our algorithm excluded these patients,
some of whom may have had mild untreated disease.

Because we randomly selected individuals with AE di-
agnoses at any time point, only a fraction had disease activity
during the year before their last visit, resulting in too few
numbers to meaningfully assess the validity of codes relative
to disease severity. Additional research is necessary to vali-
date whether codes can be used to ascertain severity and
disease flares in routinely collected data.

Comparability to other studies

Three other studies attempted to validate routinely collected
data for identifying individuals with AE. Two examined the
use of medications alone and found they had poor discrim-
inatory power to identify patients with AE in The Netherlands
and Sweden (Mulder et al., 2016; Ortqvist et al., 2013). The
distribution of treatment codes in our data, as shown in
Table 1, also suggested that the were not likely to selectively
identify patients with AD, which is why we designed our
algorithm to incorporate both diagnosis and treatment codes
as described above. The third study compared International
Classification of Diseases, Ninth Revision, codes from a ter-
tiary care population in the US with Hanifin and Rajka and
UK Working Party criteria found in the medical record and
found poor overlap (Hsu et al., 2016), possibly because of the
lack of standardized recording of specific diagnostic features
in the medical record. We assessed whether it was possible to
compare our results to the UK Working Party diagnostic
criteria, which have been used for epidemiological studies in
multiple international settings but were developed for in-
person assessment (Brenninkmeijer et al., 2008; Williams
et al., 1994). Because physicians responded Don’t know to

so many of the UK Working Party questions in our survey, we
were unable to make meaningful comparisons. We hypoth-
esize that the high rates of uncertainty were because there
were not enough data in the medical record to enable phy-
sicians to answer all of the required questions and therefore
caution against using these as a criterion standard from
medical record review when they were not systematically
assessed. It is also possible that those deemed to have AE by
their physicians simply would not fulfill the criteria if they
had been ascertained fully, and further specially designed
studies are needed to test this notion.

Strengths and weaknesses
Strengths of our study include the use of diagnosis and
treatment codes, stratified sampling among children and
adults, a large representative database with longitudinal
follow-up, and physician confirmation of disease as the cri-
terion standard. We sampled general practice physicians
rather than dermatologists because 97% of patients with AE
are managed by general practitioners in the UK, and sam-
pling specialists would have limited the generalizability of
the results (Emerson et al., 1998; Schofield et al., 2009).

Ideally, patients would have been assessed in person to
confirm their diagnoses. Because this was not possible
through the Additional Information Services in THIN, we
queried their physicians instead. The physicians were asked
to assess the patient based on their recall and review of the
medical record. This approach was chosen over a medical
record review because it allowed for direct assessment as to
whether the physician really believed the patient had AE
(regardless of coding).

Our results are directly generalizable only to THIN,
although the algorithm is likely to perform similarly in the
other UK primary care databases that have substantial

www.jidonline.org 1659


http://www.jidonline.org

K Abuabara et al.
Validation of Atopic Eczema in Electronic Health Records

Table 4. Age in years at diagnosis or at last disease activity requiring contact with the physician

Difference Between
Physician Estimate from
Survey and Database

Distribution of
Estimates by Source

Mean 95% ClI Mean 95% ClI
Age at diagnosis (n = 160)
Physician survey 17.9 143-21.4 N/A N/A
Database
First diagnosis code' 17.1 13.5—20.6 0.8 —03t01.9
First prescription for any eczema treatment” 17.4 13.9-21.0 0.4 —08to 1.7
If no symptoms in the year before the last visit date, age at last disease activity (n = 53)
Physician survey 20.7 14.3-27.2 N/A N/A
Database
Last diagnosis code' 22.0 15.6—28.5 =1.3 —2.5to —0.1
Last prescription for any eczema treatment” 24.6 14.3-27.2 —-3.9 —53to—2.4

Abbreviations: Cl, confidence interval; N/A, not applicable.

TAny of the five most commonly used codes (atopic dermatitis/eczema M111.00, infantile eczema M112.00, flexural eczema M113.00, allergic/intrinsic

eczema M114.00, or eczema not otherwise specified M12z100).
2See Supplementary Table S2.

overlap (the Clinical Practice Research Datalink [https://
www.cprd.com/] and other UK primary care data sources
including QResearch [http://www.qresearch.org/]). Valida-
tion studies are inherently context specific, and the PPV of
our algorithm may vary in settings where the prevalence of
AE and data structure differ. For example, we found that
adding a dermatology consultation code to our baseline al-
gorithm increased the PPV to 90% (95% Cl = 74—100)
(Table 3); however, it identified only 11% of the patients with
confirmed eczema because very few patients are referred to
specialists in the UK. In the US, where the proportion of
patients who are referred to a specialist is higher (it is esti-
mated 43% of pediatric AE visits were to generalists between
1997 and 2004) (Horii et al., 2007), adding a dermatology
consultation code to the baseline algorithm is likely to
identify a higher proportion of patients with confirmed AE. If
our algorithm were used in settings where patients do not
receive prescriptions for emollients or other topical prepa-
rations or anti-infective treatments, its performance may be
more comparable to the first two alternative algorithms listed
in Table 3, which are based on the use of topical steroids and
calcineurin inhibitors alone. We emphasize the importance
of carefully examining the distribution and types of codes
before undertaking a study using electronic medical record
data, and we present the distribution of categories of codes in
Table 1 so that researchers can evaluate how applicable our
results may be to their data.

Implications for future research

Validation studies that ensure patients are accurately identi-
fied are a high priority, to enable the use of increasingly
available and robust sources of routinely collected electronic
health data (De Coster et al., 2006), but they have not been
widely used in the AE literature to date. This study showed
that AE patients can be accurately identified in the UK THIN
database and that changes in the number, type, or frequency
of codes used could result in large differences in the number
of patients identified. Additional work is necessary to deter-
mine the PPV of our algorithm in other contexts. We highlight
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factors to consider when examining the frequency and dis-
tribution of diagnostic and treatment codes in any electronic
medical record database, which are important for researchers
to avoid misclassification bias. Efforts are underway to
determine how AE patients have been identified in published
studies using electronic health data (Dizon et al., 2016), and
we encourage the research community to work toward
developing standards for methodology and reporting to
improve comparability of studies and advance our under-
standing of AE.

METHODS

Study design

Our study consisted of two parts: a longitudinal cohort study to
develop a diagnostic algorithm and a physician survey to validate it.
We followed guidelines for reporting of validation studies and
reporting of studies conducted using observational routinely
collected health data (Benchimol et al., 2011, 2016).

Participants/data source

THIN is a database comprising the electronic health records of
people registered with participating general practices. THIN is
broadly representative of the general UK population in terms of age,
sex, ethnicity, and geography and is one of three major UK primary
care databases (Shephard et al., 2011). We chose this data source
because it is one of the world’s largest sources of anonymized lon-
gitudinal data from primary care practices, with over 85 million
patient-years of follow-up, and because we had institutional access
and experience using the data (Margolis et al., 2007, 2008; Ogdie
et al., 2015; Seminara et al., 2011). Previous validation studies
have shown that the recording is highly accurate and nearly com-
plete, and THIN has been used to study multiple chronic conditions.
Participating practices are remunerated for recording data on clinical
diagnoses, test results, prescriptions, and referral data via the Read/
Oxford Medical Information System coding framework, which is
based on the International Classification of Diseases coding system.
The raw data are updated monthly and undergo extensive quality
control and validity checks by a centralized research team before
release. Practices may choose to participate in the Additional In-

formation Services Program, which administers surveys to


https://www.cprd.com/
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http://www.qresearch.org/

consenting physician practices. Approximately 60% of all THIN
practices actively participated in this program when our survey was
administered in October 2015.

Algorithm development

A list of potential AE diagnosis and treatment codes were developed
by using a keyword search and examining affiliated codes (see
Supplementary Table S1). The distribution of codes was examined,
and in consultation with a panel of experts on AE epidemiology and
use of routinely collected data (HCW, DM, LS, SML, and KA) a
parsimonious algorithm was developed to identify patients most
likely to have AE.

Physician survey

The survey was sent to the physicians of a random sample of 100
children (<18 years of age) and 100 adults with acceptable records
who were alive and currently enrolled in practices participating in the
Additional Information Services (Figure 1). The primary outcome was
the PPV, or probability that subjects identified by the algorithm truly
have the disease, because this measure is the most relevant for
avoiding misclassification bias in subsequent studies of AE (Choi,
1992) (Supplementary Figure S2). Assuming a physician response
rate of 90% (based on prior studies using physician confirmation of
chronic disease in routinely collected data [Khan et al., 2010;
Seminara et al., 2011]), a sample of 200 patients should have
enabled us to obtain a 95% Cl of 0.85—0.94 around an a priori
estimated PPV of 0.90. Given funding constraints, we chose to sample
only patients with codes suggestive of AE. Sampling additional sub-
jects without AE codes would have enabled us to also calculate
sensitivity and specificity of the algorithm.

A standardized letter was sent to each practice requesting comple-
tion of a 1-page survey (see Supplementary Figures S3 and S4 online),
and physicians received monthly reminders for completion and
compensation for their time. If the diagnosis of AE was confirmed, we
then asked the physician to (i) provide a global assessment of average AE
severity over the past 12 months, (ii) confirm the age at AE onset, and (iii)
confirm whether the patient still has active AE or whether the patient’s
AE is in remission. Although many eczema-specific severity scales have
been developed and validated for assessment of patient outcomes in
clinical trials, few are designed to address long-term severity (Schmitt
et al., 2007). Therefore, to assess severity, we used descriptions of
mild, moderate, and severe disease from the UK National Institute for
Health and Care Excellence guidelines for management of eczema
(National Institute for Health and Care Excellence, 2007). Finally, to
determine whether our results could be compared with another widely
used definition of AE in large epidemiologic studies, the survey
included the UK Working Party refinement of Hanifin and Rajka’s
diagnostic criteria questions (Brenninkmeijer et al., 2008; Williams
etal., 1994).

AE is a clinical diagnosis, and biopsy and laboratory tests are
nonspecific; therefore, we relied on the physician’s confirmation of
the diagnosis as the criterion standard. This approach is consistent
with other validation studies of chronic conditions in medical record
databases in UK primary care databases (Ogdie et al., 2014;
Seminara et al., 2011; Soriano et al., 2001). Physicians were asked
to fill out the survey based on their knowledge of the patient and
review of his or her medical record.

Analysis
For the 200 patients whose physicians were surveyed, differences in
codes between those with and without physician-confirmed AE were
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examined, and the PPV of our algorithm for identifying AE patients
was calculated. The PPVs of alternative algorithms with additional
criteria for identifying patients with AE were also calculated. Next,
the age of disease onset and “remission” reported in the physician
survey were compared with dates calculated from the database us-
ing the first and last AE diagnosis and prescription codes. Agreement
was assessed descriptively using Bland-Altman plots (Bland and
Altman, 1986). All analyses were stratified by age (i.e., children
younger than 18 years vs. adults). Analyses were performed using
Stata, version 14 (Stata Corporation, College Station, TX).

Ethics
Approval was obtained from the Scientific Research Council of THIN
and the University of Pennsylvania institutional review board.

ORCIDs

Zarif K Jabbar-Lopez: http://orcid.org/0000-0003-4127-8263
Hywel Williams: http://orcid.org/0000-0002-5646-3093
Katrina Abuabara: http:/orcid.org/0000-0002-7736-6946

CONFLICT OF INTEREST

JMG served as a consultant and received grants from Sanofi and Regeneron.
LS and SML are supported by the Wellcome Trust. KA is supported by the
National Institutes of Health, the Dermatology Foundation, and the Robert
Wood Johnson Foundation. The other authors state no conflict of interest.

ACKNOWLEDGMENTS

This work was supported by UK National Institute for Health Research NIHR
Clinician Scientist Fellowship (SML) and Academic Clinical Fellowship
(ZKJL). The views expressed in this publication are those of the authors and
not necessarily those of the UK National Health Service, the National Institute
for Health Research, or the UK Department of Health. It was also supported
by the National Institutes of Health, through UCSF-CTSI grant numbers UL1
TR0O00004 (KA), T32 HS022241-04 (AMM), and NIAMS K24 AR064310
(MQ). Its contents are solely the responsibility of the authors and do not
necessarily represent the official views of the National Institutes of Health. KA
also receives support from the Dermatology Foundation and the Amos
Medical Faculty Development Program. LS is supported by a senior clinical
fellowship from Wellcome.

SUPPLEMENTARY MATERIAL

Supplementary material is linked to the online version of the paper at www.
jidonline.org, and at http://dx.doi.org/10.1016/}.jid.2017.03.029.

REFERENCES

Anandan C, Gupta R, Simpson CR, Fischbacher C, Sheikh A. Epidemiology
and disease burden from allergic disease in Scotland: analyses of national
databases. ] R Soc Med 2009;102:431—42.

Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, et al. Inter-
national Study of Asthma and Allergies in Childhood (ISAAC): rationale and
methods. Eur Respir ] 1995;8:483—91.

Benchimol El, Manuel DG, To T, Griffiths AM, Rabeneck L, Guttmann A.
Development and use of reporting guidelines for assessing the quality of
validation studies of health administrative data. ) Clin Epidemiol 2011;64:
821-9.

Benchimol El, Smeeth L, Guttmann A, Harron K, Hemkens LG, Moher D,
et al. [The reporting of studies conducted using observational routinely-
collected health data (RECORD) statement]. Z Evid Fortbild Qual
Gesundhwes 2016;115—116:33—48.

Bland JM, Altman DG. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 1986;1(8476):307—10.

Brenninkmeijer EE, Schram ME, Leeflang MM, Bos JD, Spuls PI. Diagnostic
criteria for atopic dermatitis: a systematic review. Br ] Dermatol 2008;158:
754—65.

Carey IM, Cook DG, De Wilde S, Bremner SA, Richards N, Caine S, et al.
Implications of the problem orientated medical record (POMR) for research
using electronic GP databases: a comparison of the Doctors Independent
Network Database (DIN) and the General Practice Research Database
(GPRD). BMC Fam Pract 2003;4:14.

www.jidonline.org 1661


http://orcid.org/0000-0003-4127-8263
http://orcid.org/0000-0002-5646-3093
http://orcid.org/0000-0002-7736-6946
http://www.jidonline.org
http://www.jidonline.org
http://dx.doi.org/10.1016/j.jid.2017.03.029
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref2
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref2
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref2
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref2
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref3
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref3
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref3
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref3
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref4
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref4
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref4
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref4
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref4
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref5
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref5
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref5
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref5
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref5
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref5
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref6
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref6
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref6
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref7
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref7
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref7
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref7
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref8
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref8
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref8
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref8
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref8
http://www.jidonline.org

K Abuabara et al.
Validation of Atopic Eczema in Electronic Health Records

Choi BC. Sensitivity and specificity of a single diagnostic test in the presence
of work-up bias. J Clin Epidemiol 1992;45:581—6.

De Coster C, Quan H, Finlayson A, Gao M, Halfon P, Humphries KH, et al.
Identifying priorities in methodological research using ICD-9-CM and ICD-
10 administrative data: report from an international consortium. BMC
Health Serv Res 2006;6:77.

Deckert S, Kopkow C, Schmitt J. Nonallergic comorbidities of atopic eczema:
an overview of systematic reviews. Allergy 2014;69:37—45.

Dizon M, Singh R, Wan J, Langan S, Abuabara K. Systematic review of
eczema disease definitions and severity measurements in routinely-
collected health data. PROSPERO: CRD42016037968, http://www.crd.
york.ac.uk/PROSPERO/display_record.asp?ID=CRD420160379682016;
2016 (accessed 29 April 2017).

Emerson RM, Williams HC, Allen BR. Severity distribution of atopic derma-
titis in the community and its relationship to secondary referral. Br ] Der-
matol 1998;139:73—6.

Horii KA, Simon SD, Liu DY, Sharma V. Atopic dermatitis in children in the
United States, 1997-2004: visit trends, patient and provider characteristics,
and prescribing patterns. Pediatrics 2007;120(3):e527—34.

Hsu DY, Dalal P, Sable KA, Voruganti N, Nardone B, West D, et al. Validation
of international classification of disease ninth revision codes for atopic
dermatitis [e-pub ahead of print] Allergy 2016. http:/dx.doi.org/10.1111/
all.13113 (accessed 29 April 2017).

Joint Formulary Committee. British National Formulary. London: BM] Group
and Pharmaceutical Press; 2015.

Jordan K, Porcheret M, Croft P. Quality of morbidity coding in general practice
computerized medical records: a systematic review. Fam Pract 2004;21:
396—412.

Khan NF, Harrison SE, Rose PW. Validity of diagnostic coding within the
General Practice Research Database: a systematic review. Br ] Gen Pract
2010;60(572):e128-36.

Manuel DG, Rosella LC, Stukel TA. Importance of accurately identifying
disease in studies using electronic health records. BMJ 2010;341:
c4226.

Margolis DJ, Hoffstad O, Bilker W. Association or lack of association between
tetracycline class antibiotics used for acne vulgaris and lupus erythema-
tosus. Br ] Dermatol 2007;157:540—6.

Margolis DJ, Hoffstad O, Strom BL. Association between serious ischemic
cardiac outcomes and medications used to treat diabetes. Pharmacoepi-
demiol Drug Saf 2008;17:753—9.

McKeever TM, Lewis SA, Smith C, Collins J, Heatlie H, Frischer M, et al.
Siblings, multiple births, and the incidence of allergic disease: a birth
cohort study using the West Midlands general practice research database.
Thorax 2001;56:758—62.

McKeever TM, Lewis SA, Smith C, Hubbard R. Mode of delivery and risk of
developing allergic disease. J Allergy Clin Immunol 2002;109:800—2.
McKeever TM, Lewis SA, Smith C, Hubbard R. Vaccination and allergic

disease: a birth cohort study. Am J Pub Health 2004;94(6):985—9.

Mulder B, Groenhof F, Kocabas LI, Bos HJ, De Vries TW, Hak E, et al.
Identification of Dutch children diagnosed with atopic diseases using
prescription data: a validation study. Eur J Clin Pharmacol 2016;72:
73—82.

National Institute for Health and Care Excellence. NICE guidelines [CG57]
Atopic eczema in children: Management of atopic eczema in children

1662 Journal of Investigative Dermatology (2017), Volume 137

from birth up to the age of 12 years, https://www.nice.org.uk/guidance/
cg57/chapter/Key-priorities-for-implementation; 2007 (accessed 29 April
2017).

Ogdie A, Alehashemi S, Love TJ, Jiang Y, Haynes K, Hennessy S, et al. Validity
of psoriatic arthritis and capture of disease modifying antirheumatic drugs
in the health improvement network. Pharmacoepidemiol Drug Saf
2014;23:918—-22.

Ogdie A, Yu Y, Haynes K, Love TJ, Maliha S, Jiang Y, et al. Risk of major
cardiovascular events in patients with psoriatic arthritis, psoriasis and
rheumatoid arthritis: a population-based cohort study. Ann Rheum Dis
2015;74:326—32.

Ortqvist AK, Lundholm C, Wettermark B, Ludvigsson JF, Ye W, Almqvist C.
Validation of asthma and eczema in population-based Swedish drug and
patient registers. Pharmacoepidemiol Drug Saf 2013;22:850—60.

Punekar YS, Sheikh A. Establishing the incidence and prevalence of clinician-
diagnosed allergic conditions in children and adolescents using routinely
collected data from general practices. Clin Exp Allergy 2009;39:1209—16.

Schmitt J, Langan S, Williams HC, European Dermato-Epidemiology N. What
are the best outcome measurements for atopic eczema? A systematic re-
view. ] Allergy Clin Immunol 2007;120(6):1389—98.

Schofield J, Grindlay D, Hywel W. Skin conditions in the UK: a health care
needs assessment. Watford, Hertfordshire, UK: University of Nottingham;
2009.

Seminara NM, Abuabara K, Shin DB, Langan SM, Kimmel SE, Margolis D,
et al. Validity of The Health Improvement Network (THIN) for the study of
psoriasis. Br ] Dermatol 2011;164:602—9.

Shephard E, Stapley S, Hamilton W. The use of electronic databases in pri-
mary care research. Fam Pract 2011;28:352—4.

Simpson CR, Anderson W), Helms PJ, Taylor MW, Watson L, Prescott GJ,
et al. Coincidence of immune-mediated diseases driven by Th1 and Th2
subsets suggests a common aetiology. A population-based study using
computerized general practice data. Clin Exp Allergy 2002;32:37—42.

Simpson CR, Newton J, Hippisley-Cox ], Sheikh A. Trends in the epidemi-
ology and prescribing of medication for eczema in England. J R Soc Med
2009;102:108—17.

Soriano JB, Maier WC, Visick G, Pride NB. Validation of general practitioner-
diagnosed COPD in the UK General Practice Research Database. Eur J
Epidemiol 2001;17:1075-80.

Vos T, Flaxman AD, Naghavi M, Lozano R, Michaud C, Ezzati M, et al. Years
lived with disability (YLDs) for 1160 sequelae of 289 diseases and injuries
1990-2010: a systematic analysis for the Global Burden of Disease Study
2010. Lancet 2012;380(9859):2163—96.

Weidinger S, Novak N. Atopic dermatitis. Lancet 2016;387(10023):1109—22.

Williams HC, Burney PG, Hay RJ, Archer CB, Shipley MJ, Hunter JJ, et al. The
U.K. Working Party’s diagnostic criteria for atopic dermatitis. 1. Derivation
of a minimum set of discriminators for atopic dermatitis. Br ] Dermatol
1994;131:383—96.

This work is licensed under a Creative Commons

—®
Attribution 4.0 International License. To view a

copy of this license, visit http://creativecommons.org/
licenses/by/4.0/


http://refhub.elsevier.com/S0022-202X(17)31414-8/sref9
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref9
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref9
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref10
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref10
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref10
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref10
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref11
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref11
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref11
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD420160379682016
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD420160379682016
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD420160379682016
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref13
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref13
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref13
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref13
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref14
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref14
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref14
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref14
http://dx.doi.org/10.1111/all.13113
http://dx.doi.org/10.1111/all.13113
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref16
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref16
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref17
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref17
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref17
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref17
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref18
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref18
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref18
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref18
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref19
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref19
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref19
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref20
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref20
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref20
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref20
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref21
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref21
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref21
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref21
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref22
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref22
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref22
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref22
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref22
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref23
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref23
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref23
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref24
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref24
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref24
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref25
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref25
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref25
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref25
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref25
https://www.nice.org.uk/guidance/cg57/chapter/Key-priorities-for-implementation
https://www.nice.org.uk/guidance/cg57/chapter/Key-priorities-for-implementation
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref27
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref27
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref27
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref27
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref27
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref28
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref28
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref28
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref28
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref28
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref29
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref29
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref29
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref29
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref30
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref30
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref30
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref30
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref31
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref31
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref31
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref31
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref32
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref32
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref32
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref33
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref33
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref33
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref33
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref34
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref34
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref34
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref35
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref35
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref35
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref35
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref35
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref36
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref36
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref36
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref36
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref37
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref37
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref37
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref37
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref38
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref38
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref38
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref38
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref38
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref39
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref39
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref40
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref40
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref40
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref40
http://refhub.elsevier.com/S0022-202X(17)31414-8/sref40
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

SUPPLEMENTARY TABLES AND FIGURES

Supplementary Table S1. Results of keyword* search and frequency of potential eczema-
related codes (*eczema, dermatitis, atopic, rash, itch, dermatology, dermatologist, and biopsy
with skin, punch, and/or shave)

READ Description Frequency Possibly | Likely
Code Related | Related
1D14.00 C/O: arash 1,728,186 1 0
M12z100 Eczema NOS 1,204,114 1

M111.00 Atopic dermatitis/eczema 1,055,500 1

9N18S.00 Seen in dermatology clinic 1053407 0

R021z00 [D]Rash and other nonspecific skin eruption NOS 777621 1

M12z000 Dermatitis NOS 347513 1

R021.00 [D]Rash and other nonspecific skin eruption 244152 1

M101.00 Seborrhoeic dermatitis 195401 0 0
M112.00 Infantile eczema 168677 1 ! ‘
M110.13 Nappy rash 159475 1 0
G831.11 Varicose eczema 155,678 0 0
Ml12..11 Contact dermatitis 148207 0 0
1D15.00 C/O: itching 144182 1

14F1.00 H/O: eczema 138851 1 1
2227.00 O/E - rash present 137446 1

2227.11 O/E - allergic rash 130257 1 0
M18z.12 Itch 120299 1

M12z200 Infected eczema 114949 1 1
A57z.11 Non specific viral rash 105735 0

M101.12 Seborrhoeic eczema 95479 1 1
2227.12 O/E - itchy rash 87639 1 0
2114.00 O/E - arash 75499 1

1B86.11 Itchy eye symptom 71211 0

M113.00 Flexural eczema 70016 1 1 ‘
1D15.11 Scalp itchy 54380 0

ZL5AB00 Referral to dermatologist 53953 0

MIl...11 Dermatitis/dermatoses 48786 1

MI101.11 Seborrhoeic dermatitis capitis 44788 0

222D.00 O/E - Rash absent 36496 0

AB23012 Nappy rash - candidal 36063 0

M153500 Perioral dermatitis 35060 1 0
Z1L9ACO00 Seen by dermatologist 31253 0

M110.00 Napkin dermatitis 30774 1 0
M12z300 Hand eczema 27945 1 1




READ Description Frequency Possibly | Likely
Code Related | Related
M12..00 Contact dermatitis and other eczemas 23759 0 0
M07z.14 Infected dermatitis 22130 1 0
M180.11 Perianal itch 19279 0

M114.00 Allergic (intrinsic) eczema 1

7G05B00 Excision biopsy of skin lesion 18092 0

M12..12 Contact eczema 18064 0

G831.00 Varicose veins of the leg with eczema 17843 0

2FW0.00 O/E - scalp rash 17133 0

Ml12z111 Discoid eczema 16608 1 1
H330.00 Extrinsic (atopic) asthma 16348 0

M251.11 Heat rash 14800 0

1B86.00 Has an itchy eye 14057 0

M102.00 Infectious eczematoid dermatitis 12982 1 0
7G0A.00 Punch biopsy of skin 12205 1

8HVI.00 Private referral to dermatologist 11761 0

7G0Cz00 Other biopsy of skin NOS 11128 1

M128.00 Allergic contact dermatitis 10905 0 0
9NJ2.00 In-house dermatology 10236 0

F500300 Chondrodermatitis nodularis helicis 9534 0

12H1.00 FH: Eczema 9435 0

M251.13 Sweat rash 8584 0

7G0C.00 Other biopsy of skin 8409 1

M11..00 Atopic dermatitis and related conditions 6732 1 1
2FU..00 O/E - erythematous rash 6658 1 0
M130.11 Drug induced rash 6342 0

M110000 Candidal nappy rash 6292 0

M12zz00 Contact dermatitis NOS 6201 0 0
9b9D.00 Dermatology 6049 0

M11z.00 Atopic dermatitis NOS 6016 1 1
8H4S.00 Referral to dermatology special interest GP 5971 0

M12z.00 Contact dermatitis NOS 5849 0 0
M102.11 Pustular eczema 5474 1 1
M127300 Photodermatitis 5444 0

F502411 Eczema of external ear 4993 1 1
9NJB.00 In-house dermatology follow-up appointment 4916 0

M184.00 Dermatitis artefacta 4471 0

9NJA.00 In-house dermatology first appointment 4448 0

F4D3112 Contact eczema - eyelids 4114 0 0
Z1.D3C00 Discharge by dermatologist 3974 0

26C4.00 Nipple eczema 3596 1 1




READ Description Frequency Possibly | Likely
Code Related | Related
2F..11 O/E - dermatology exam. 3580 0

F4C0600 Acute atopic conjunctivitis 3487 0

7E02300 Punch biopsy of cervix uteri 3410 0

2F0..00 O/E - discoid rash 3322 1 0
M140.00 Dermatitis herpetiformis 3234 0

M183100 Neurodermatitis circumscripta 3086 1

M2y4211 Vesicular rash 3019 0

Myu2200 [X]Exacerbation of eczema 2834 1 1
M110.12 Diaper rash 2776 0

7G0B.00 Shave biopsy of skin 2730 1

M12y800 Contact dermatitis due to metals 2617 0

M127.00 Contact dermatitis due to solar radiation 2526 0

F4D3000 Eczematous eyelid dermatitis 2477 1 1
F4D3000 Eczematous eyelid dermatitis 2477 1 1
F4D3100 Contact or allergic eyelid dermatitis 2462 0

F502400 Acute eczematoid otitis extern 2343 1 1
M131.00 Ingestion dermatitis due to food 2341 0

M116.00 Neurodermatitis - diffuse 2289 1

F4D3111 Allergic dermatitis - eyelid 2257 1

M1y0.00 Nummular dermatitis 2238 1

MIB..11 Juvenile plantar dermatitis 2217 1

IN01.00 No itch 2140 0

M120.00 Contact dermatitis due to detergents 2035 0

7G0C300 Incision biopsy of skin 2011 0

M118.00 Infantile seborrhoeic dermatitis 2001 0

AB03.11 Dhobie itch 1976 1

ZL18A00 Under care of dermatologist 1938 0

M127000 Unspecified contact dermatitis due to solar radiation 1552 0

A540.00 Eczema herpeticum - Kaposi's varicelliform eruption | 1492 1 1
9NIB.00 Seen by GP with special interest in dermatology 1399 0

M07y.11 Pustular eczema 1374 1 1
M124111 Elastoplast contact dermatitis 1351 0

M124.00 Contact dermatitis due to other chemical products 1329 0

M130.00 Ingestion dermatitis due to drugs 1302 0

MO070.11 Purulent dermatitis 1205 0

ZLE6B00 Discharge from dermatology service 1190 0

M12z400 Erythrodermic eczema 1154 1 1
M28y.11 Nettle rash 1134 0

211B.00 Blanching rash 1119 0

211C.00 Non-blanching rash 1088 0




READ Description Frequency Possibly | Likely
Code Related | Related
M124100 Contact dermatitis due to adhesive plaster 1028 0
7G05A00 Excision biopsy of lesion of skin of head or neck 999 0
9NI10.00 Dermatology outreach clinic 996 0
2FU0.00 O/E - dribble rash 996 1
M117.00 Neurodermatitis - atopic 989 1 1
M123800 Contact dermatitis due to scabicides 982 0
1N04.00 Itching of skin lesion 954 1
8H2D.00 Admit dermatology emergency 925 0
M244111 Barbers' rash 923 0
M123z00 Contact dermatitis due to medicament NOS 839 0
2FR..00 Butterfly rash 835 0
2536.00 O/E - mouth rash 805 1
M12..13 Occupational dermatitis 786 0
A512.00 Contagious pustular dermatitis 676 0
M153511 Circumoral dermatitis 635 1
F500211 Chondrodermatitis nodularis helicis 629 0
M110.11 Ammonia dermatitis 625 0
7G0A100 Punch biopsy of lesion of skin NEC 517 1
G832.00 Varicose veins of the leg with ulcer and eczema 507 0 0
M126.00 Contact dermatitis due to plants 496 0
M12y000 Contact dermatitis due to cosmetics 461 0
8HHX.00 Referral to dermatology nurse specialist 450 0
M118000 Infantile seborrhoeic dermatitis capitis 420 0
M121.00 Contact dermatitis due to oils and greases 408 0
R021100 [D]Rash on genitals 401 0
Myu2.00 [X]Dermatitis and eczema 388 1 1
7G0AZz00 Punch biopsy of skin NOS 369 1
MI11A.00 Asteatotic eczema 366 0 0
M123.00 Contact dermatitis due to drugs and medicaments 364 0
7G0C000 Biopsy of lesion of skin of head or neck NEC 361 1
M153600 Periocular dermatitis 357 1
8HM3.00 Listed for Dermatology admissn 335 0
8H31.00 Non-urgent dermatology admisn. 324 0
AB23011 Monilial nappy rash 313 0
A54x300 Herpesviral vesicular dermatitis 295 0
M2y4811 Juvenile plantar dermatitis 289 0
M122.00 Contact dermatitis due to solvents 247 0
DNA dermatology special interest general
9Ni6.00 practitioner clinic 247 0
8Hkq.00 Referral to community dermatology service 245 0




READ Description Frequency Possibly | Likely
Code Related | Related
M1y2.00 Gravitational eczema 231 0 0
2FT4.00 Itching of pigmented skin lesion 226 1
Irritant contact dermatitis due to other chemical
M129200 products 211 0
9NJC.00 In-house dermatology discharged from care 210 0
M115.00 Besnier's prurigo 208 1 1
M13..00 Ingestion dermatitis 197 0
M124800 Contact dermatitis due to rubber 183 0
7G0A000 Punch biopsy of lesion of skin of head or neck 181 1
8Hm0.00 Referral to dermatology clinical assessment service 175 0
M127800 Photocontact dermatitis [berloque dermatitis] 173 0
AD30.12 Sarcoptic itch 155 0
M128300 Allergic contact dermatitis due to dyes 143 0
Allergic contact dermatitis due to other chemical
M128400 products 142 0
8HJD.00 Dermatology self-referral 135 0
M12y011 Lanolin contact dermatitis 132 0
M161G00 Acrodermatitis continua 126 0
8HTu.00 Referral to eczema clinic 124 1 1
14F1.00 Shave biopsy of lesion of skin NEC 124 1
M124z00 Contact dermatitis: other chemicals NOS 123 0
M128100 Allergic contact dermatitis due to cosmetics 121 0
INNW.00 Under care of dermatologist 118 0
M12yA00 Contact dermatitis due to radiation NOS 102 0
M128000 Allergic contact dermatitis due to adhesives 101 0
M12yz00 Contact dermatitis: specified agent NOS 99 0
A544100 Herpes simplex eyelid dermatitis 96 0
M17y200 Infantile papular acrodermatitis 96 0
M12y200 Contact dermatitis due to dyes 92 0
7G0B000 Shave biopsy of lesion of skin of head or neck 90 1
A532000 Herpes zoster with dermatitis of eyelid 89 0
M123200 Contact dermatitis due to iodine 74 0
7G0B300 Shaved deep ellipse biopsy of lesion of skin NEC 74 0
M21y000 Acrodermatitis atrophicans chronica 73 0
8HK3.00 Dermatology D.V. requested 68 0
M12C.00 Radiodermatitis 67 0
M12y012 Perfume contact dermatitis 61 0
M128600 Allergic contact dermatitis due to plants, except food | 55 0
8HL3.00 Dermatology D.V. done 53 0
7G0Ay00 Other specified punch biopsy of skin 53 1
7G0Cy00 Other specified other biopsy of skin 52 1




READ Description Frequency Possibly | Likely
Code Related | Related
M12y300 Contact dermatitis due to furs 49 0
M12y600 Contact dermatitis due to jewellery 49 0
13HV400 Seven year itch - marital 49 0
M124700 Contact dermatitis due to plastic 48 0
M12yC00 Contact dermatitis due to x-rays 46 0
AC03.11 Swimmers' itch 44 0
F4D5.00 Other eyelid infective dermatitis 42 0
M127z00 Contact dermatitis due to solar radn NOS 42 0
M126z00 Contact dermatitis due to plants NOS 40 0
M12y.00 Contact dermatitis due to other specified agents 39 0
M184.11 Dermatitis factitia 39 0
M129000 Irritant contact dermatitis due to cosmetics 38 0
7G0Bz00 Shave biopsy of skin NOS 36 1
8H10.00 Referral to teledermatology service 34 0
C355000 Acrodermatitis enteropathica 33 0
M07y200 Dermatitis vegetans 30 0
M12y100 Contact dermatitis due to cold weather 30 0
Myu2C00 [X]Other specified dermatitis 29 1
M145200 Senile dermatitis herpetiformis 27 0
Allergic contact dermatitis due drugs in contact with
M128200 skin 26 0
M13z.00 Ingestion dermatitis NOS 26 0
M122100 Contact dermatitis due to cyclohexane 25 0
M142.00 Juvenile dermatitis herpetiformis 25 0
SP35200 Serum rash 25 0
M122z00 Contact dermatitis due to solvent NOS 24 0
M12y400 Contact dermatitis due to hot weather 21 0
ZR9..11 DLQI - Dermatology life quality index 21 0
M118z00 Infantile seborrhoeic dermatitis NOS 20 0
MI121.12 Oil contact dermatitis 20 0
M126500 Contact dermatitis due to primrose 20 0
M13y.00 Ingestion dermatitis due to other specified substance | 19 0
Allergic contact dermatitis due to food in contact

M128500 with skin 18 0
M125.00 Contact dermatitis due to food in contact with skin 17 0
M129400 Irritant contact dermatitis due to plants, except food 17 0
Myu2300 [X]Allergic contact dermatitis due to other agents 16 0
M125500 Contact dermatitis due to milk 14 0
M125z11 Egg contact dermatitis 14 0
M126100 Contact dermatitis due to poison-ivy 14 0
M123500 Contact dermatitis due to neomycin 13 0




READ Description Frequency Possibly | Likely
Code Related | Related
M124400 Contact dermatitis due to dichromate 13 0
Myu2000 [X]Other seborrhoeic dermatitis 13 0
Shaved deep ellipse biopsy of lesion of skin of head
7G0B200 or neck 12 0
7G0By00 Other specified shave biopsy of skin 12 1
M124300 Contact dermatitis due to caustics 11 0
M125z00 Contact dermatitis due to food NOS 10 0
M12C000 Acute radiodermatitis 10 0
[X]Allergic contact dermatitis due to oth chemical
Myu2100 products 10 0
M124600 Contact dermatitis due to nylon 9 0
C391211 Thrombocytopenic eczema with immunodeficiency 7 1 0
M126600 Contact dermatitis due to ragweed 7 0
Myu2700 [X]Unspecified contact dermatitis due to other agents | 7 0
[X]Irritant contact dermatitis due to oth chemical
Myu2400 products 6 0
ZR9..00 Dermatology life quality index 6 0
MI121.11 Grease contact dermatitis 5 0
M123600 Contact dermatitis due to pediculocides 5 0
Irritant contact dermatitis due drugs in contact with
M129100 skin 5 0
M12C100 Chronic radiodermatitis 5 0
Myu2500 [X]Irritant contact dermatitis due to other agents 5 0
7QO0E.00 High cost dermatology drugs 5 0
Ml116.11 Brocq's neurodermatitis 5 1
Infective eyelid dermatitis of types resulting in
F4D4.00 deformity 4 0
M123100 Contact dermatitis due to fungicides 4 0
M125200 Contact dermatitis due to flour 4 0
M124000 Contact dermatitis due to acids 3 0
M124200 Contact dermatitis due to alkalis 3 0
M125100 Contact dermatitis due to fish 3 0
M126300 Contact dermatitis due to poison-sumac 3 0
Irritant contact dermatitis due to food in contact with
M129300 skin 3 0
M12y700 Contact dermatitis due to light (excluding sunlight) 3 0
M12y900 Contact dermatitis due to preservatives 3 0
M15y011 Dermatitis exfoliativa neonatorum 3 0
M123400 Contact dermatitis due to mercurials 2 0
M123700 Contact dermatitis due to phenols 2 0
M125300 Contact dermatitis due to fruit 2 0
M126000 Contact dermatitis due to lacquer tree 2 0




READ Description Frequency Possibly Likely
Code Related Related
Contact dermatitis due to ultra-violet rays (excluding
M12yB00 sun) 2 0
M122000 Contact dermatitis due to chlorocompound 1 0
M122300 Contact dermatitis due to glycol 1 0
M123000 Contact dermatitis due to arnica 1 0
M123300 Contact dermatitis due to keratolytics 1 0
M125000 Contact dermatitis due to cereals 1 0
M126200 Contact dermatitis due to poison-oak 1 0
M12y500 Contact dermatitis due to infra-red rays 1 0
[X]Dermatitis due to other substances taken
Myu2800 internally 1 0
4182.00 Skin biopsy fibrin level 1 0
Dermatology management plan given - enhanced
9kM..00 services admin 1 0

Notes: Shading reflects categorization: Black boxes (5) included in algorithm; medium grey likely eczema, light grey
possibly eczema




Supplementary Table S2. Treatment Codes

British National Formulary Code Description

13.00.00.00 Skin

13.01.00.00 Management of skin conditions

13.01.01.00 Vehicles

13.02.00.00 Emollient and barrier preparations

13.02.01.00 Emollient skin preparations

13.02.01.01 Emollient bath additives and shower preparations
13.02.02.00 Barrier preparations

13.03.00.00 Topical local anesthetic and antipruritics

13.04.00.00 Topical corticosteroids

13.05.00.00 Preparations for eczema and psoriasis

13.05.01.00 Preparations for eczema

13.05.03.00 Drugs affecting the immune response

08.01.03.00 Antimetabolites (Methotrexate)

08.02.01.00 Antiproliferative immune suppressants (Azathioprine, Mycophenolate)
08.02.02.00 Other immunosuppresants (Cyclosporin, Tacrolimus)
13.10.01.01 Antibacterial preparations for skin

13.10.01.02 Antibacterial preparations for skin

13.10.03.00 Antiviral preparations for skin

13.05.03.00 Drugs affecting the immune response

14.05.00.00 Interferon gamma

READ Phototherapy Code Description

863..11 Phototherapy

8631.00 Phototherapy

8632.11 PUV A/phototherapy

8632.14 UVB phototherapy

8632.15 Ultraviolet light phototherapy

7GOE.00 Phototherapy to skin

7GOE200 Combined photochemotherapy and UVA light therapy to skin
7GOE300 Combined photochemotherapy and UVB light therapy to skin
7GOEy00 Other specified phototherapy to skin

7GOEz00 Phototherapy to skin NOS

863..00 Phototherapy/radiation therapy

8637.00 Radiation/phototherapy NOS

Z6E1.12 Ultraviolet light phototherapy

Z6EI1111 UVA phototherapy

Z6E1211 UVB phototherapy

Z6E1411 PUVA phototherapy

Z6E2.00 Photochemotherapy

Z6ES5.00 Intermittent phototherapy




Supplementary Table S3. List of exclusionary conditions.*

READ Code | Description

M161000 Psoriasis unspecified

M161z00 Psoriasis NOS

M16..00 Psoriasis and similar disorders

M161600 Guttate psoriasis

M16y000 Scalp psoriasis

M161D00 Pustular psoriasis

M161.00 Other psoriasis

MI161F11 Chronic large plaque psoriasis

M161B00 Psoriasis plantaris

M161A00 Psoriasis palmaris

M161F00 Psoriasis vulgaris

M161H00 Erythrodermic psoriasis

M16y.00 Other psoriasis and similar disorders

MI161E00 Psoriasis universalis

M161300 Psoriasis diffusa

Myu3000 Other psoriasis

M161C00 Psoriasis punctata

M166.00 Palmoplantar pustular psoriasis

AD30.00 Scabies

AD30.11 Norwegian scabies

Myu2100 Allergic contact dermatitis due to oth chemical products
Myu2300 Allergic contact dermatitis due to other agents
Myu2400 Irritant contact dermatitis due to oth chemical products
Myu2500 Irritant contact dermatitis due to other agents

Myu4300 Other specified erythematous conditions

Myu2700 Unspecified contact dermatitis due to other agents
M128.00 Allergic contact dermatitis

M128200 Allergic contact dermatitis due drugs in contact with skin
M128000 Allergic contact dermatitis due to adhesives

M128100 Allergic contact dermatitis due to cosmetics

M128300 Allergic contact dermatitis due to dyes

M128500 Allergic contact dermatitis due to food in contact with skin
M128400 Allergic contact dermatitis due to other chemical products
M128600 Allergic contact dermatitis due to plants, except food
MI12..11 Contact dermatitis

M124000 Contact dermatitis due to acids

M124100 Contact dermatitis due to adhesive plaster
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READ Code | Description

M123000 Contact dermatitis due to arnica
M124300 Contact dermatitis due to caustics
M125000 Contact dermatitis due to cereals
M122000 Contact dermatitis due to chlorocompound
M12y100 Contact dermatitis due to cold weather
M122100 Contact dermatitis due to cyclohexane
M120.00 Contact dermatitis due to detergents
M124400 Contact dermatitis due to dichromate
M12y200 Contact dermatitis due to dyes
M125100 Contact dermatitis due to fish
M125200 Contact dermatitis due to flour
M125z00 Contact dermatitis due to food NOS
M125300 Contact dermatitis due to fruit
M123100 Contact dermatitis due to fungicides
M12y300 Contact dermatitis due to furs
M122300 Contact dermatitis due to glycol
M12y400 Contact dermatitis due to hot weather
M12y500 Contact dermatitis due to infra-red rays
M123200 Contact dermatitis due to iodine
M12y600 Contact dermatitis due to jewelry
M123300 Contact dermatitis due to keratolytics
M126000 Contact dermatitis due to lacquer tree
M12y700 Contact dermatitis due to light (excluding sunlight)
M123z00 Contact dermatitis due to medicament NOS
M123400 Contact dermatitis due to mercurials
M12y800 Contact dermatitis due to metals
M125500 Contact dermatitis due to milk
M123500 Contact dermatitis due to neomycin
M124600 Contact dermatitis due to nylon
M124.00 Contact dermatitis due to other chemical products
M123600 Contact dermatitis due to pediculocides
M123700 Contact dermatitis due to phenols
M126.00 Contact dermatitis due to plants
M126z00 Contact dermatitis due to plants NOS
M124700 Contact dermatitis due to plastic
M126100 Contact dermatitis due to poison-ivy
M126200 Contact dermatitis due to poison-oak
M126300 Contact dermatitis due to poison-sumac
M12y900 Contact dermatitis due to preservatives
M126500 Contact dermatitis due to primrose
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READ Code | Description

M12yA00 Contact dermatitis due to radiation NOS

M126600 Contact dermatitis due to ragweed

M123800 Contact dermatitis due to scabicides

M127.00 Contact dermatitis due to solar radiation

M127z00 Contact dermatitis due to solar radn NOS

M122z00 Contact dermatitis due to solvent NOS

M12yB00 Contact dermatitis due to ultra-violet rays (excluding sun)
M12yC00 Contact dermatitis due to x-rays

M12z.00 Contact dermatitis NOS

M12zz00 Contact dermatitis NOS

M124z00 Contact dermatitis: other chemicals NOS

M12yz00 Contact dermatitis: specified agent NOS

M125z11 Egg contact dermatitis

M124111 Elastoplast contact dermatitis

MI121.11 Grease contact dermatitis

M129.00 Irritant contact dermatitis

M129100 Irritant contact dermatitis due drugs in contact with skin
M129000 Irritant contact dermatitis due to cosmetics

M129300 Irritant contact dermatitis due to food in contact with skin
M129400 Irritant contact dermatitis due to plants, except food
M12y011 Lanolin contact dermatitis

MI121.12 Oil contact dermatitis

M12y012 Perfume contact dermatitis

M127000 Unspecified contact dermatitis due to solar radiation
M12y000 Contact dermatitis due to cosmetics

M121.00 Contact dermatitis due to oils and greases

M123.00 Contact dermatitis due to drugs and medicaments
M122.00 Contact dermatitis due to solvents

M129200 Irritant contact dermatitis due to other chemical products
M124800 Contact dermatitis due to rubber

M127800 Photocontact dermatitis [berloque dermatitis]

M101.00 Seborrhoeic dermatitis

MI101.11 Seborrhoeic dermatitis capitis

M244.11 Seborrhoea capitis

M263.00 Seborrhoea

M118.00 Infantile seborrhoeic dermatitis

M118000 Infantile seborrhoeic dermatitis capitis

M263100 Seborrhoea faciei

M263z00 Seborrhoea NOS
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READ Code | Description

M263000 Seborrhoea corporis

M118z00 Infantile seborrhoeic dermatitis NOS
Myu2000 Other seborrhoeic dermatitis
M263200 Seborrhoea nasi

M263300 Seborrhoea oleosa

M211.12 Ichthyosis - acquired

PH1..00 Ichthyosis congenita

PH14.00 Ichthyosis vulgaris

M211600 Acquired ichthyosis

PH10.00 Congenital ichthyosis, unspecified
PH1z.00 Ichthyosis congenita NOS

PH15.00 X-linked ichthyosis

PH1z.11 Congenital ichthyosiform erythroderma
PH1y.00 Other specified ichthyosis congenita
M127400 Photosensitiveness

M127300 Photodermatitis

M127800 Photocontact dermatitis [berloque dermatitis]

MI12A100 Drug photoallergic response

M12A000 Drug phototoxic response

M127900 Hydroa vacciniforme
Q47yyll Erythroderma neonatorum
PH12.00 Ichthyosiform erythroderma

M130200 Drug-induced erythroderma

Notes: *Based on Eichenfield LF, Tom WL, Chamlin SL, et al. Guidelines of care for the
management of atopic dermatitis: section 1. Diagnosis and assessment of atopic
dermatitis. ] Am Acad Dermatol. 2014;70(2):338-351



Supplementary Table S4. Age at diagnosis and last disease activity requiring contact with the

physician stratified by children and adults

Distribution of estimates D;g?;f;?&?;iﬂf;};s;ggn
by source database
Mean | 95% CI Mean | 95% CI
Children
Age in years at diagnosis (N=84)
Physician survey 2.5 (1.9,3.1) N/A N/A
Database
First diagnosis code* 1.9 (1.4,2.4) 0.6 (0.2,1.0)
First prescription for any eczema treatment™* 1.6 (1.2,2.0) 0.8 (0.4, 1.3)
If no symptoms in the year prior to the last visit date,
age at last disease activity (N=29)
Physician survey 5.4 (4.2,6.8) N/A N/A
Database
First diagnosis code* 5.6 (4.2,6.9) -0.1 (-1.2,1.1)
First prescription for any eczema treatment™* 7.5 (6.2,8.9) -2.1 (-3.6,-0.5)
Adults
Age in years at diagnosis (N=76)
Physician survey 34.8 (29.5,40.2) N/A N/A
Database
First diagnosis code* 33.8 (28.6,39.1) 1.0 (-1.3,3.3)
First prescription for any eczema treatment™* 34.9 (29.8, 40.0) -0.1 (2.7, 2.6)
If no symptoms in the year prior to the last visit date,
age at last disease activity (N=24)
Physician survey 39.1 (28,9, 49.4) N/A N/A
Database
First diagnosis code* 42.0 (32.8,51.2) -2.8 (-4.9,-0.6)
First prescription for any eczema treatment™* 45.2 (35.6,54.7) -6.0 (-8.5,-3.5)

Notes: *Any of the 5 most commonly used codes (Atopic Dermatitis/ Eczema M111.00,
Infantile Eczema M112.00, Flexural Eczema M113.00, Allergic/Intrinsic Eczema M114.00,
Eczema NOS M12z100). **See Supplemental Table 2.
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Supplementary Table S5. Results of comparison of survey results to UK Working Party

Criteria Questions

N (%) with N (%) with | Unknown/
physician- physician- missing (%
confirmed confirmed among those
eczema that eczema that | who returned
said yes said no a survey)
Has the patient had an itchy skin condition? 144 (88%) 8 (5%) 11 (7%)
Plus, at least 3 of the following: 52 (32%) 1 (4%) 1 (4%)
Does the patient have a history of generally dry skin? 64 (39%) 38 (23%) 61 (37%)
Has the patient ever had visible flexural dermatitis? 75 (46%) 49 30%) 39 (24%)
Does the patient have a history of flexural dermatitis? 56 (34%) 66 (40%) 41 (25%)
Does the patient have a history of other atopic disease?* | 5¢ (34%) 81 (50%) 26 (16%)
Onset under age 2? 65 (40%) 95 (58%) 3 (1%)

Notes: *e.g. asthma or allergic rhinitis or in a first degree relative if under age 4
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Supplemental Figure S1. Bland Altman Plots of difference between survey and database
estimates against mean

Figure 1a. Survey diagnosis age vs database diagnosis age based on first diagnosis code

Survey_dxage - Database_dxage_co

Limits of agreement (Reference Range for difference): -13.107 to 14.706
Mean difference: 0.800 (CI-0.286 to 1.885)*

Range : 0.055 to 75.167

Pitman's Test of difference in variance: r = 0.056, n =160, p = 0.478
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Figure 1b. Survey diagnosis age vs database diagnosis age based on first prescription code

Survey_dxage - Database_dxage_rx

Limits of agreement (Reference Range for difference): -15.714 to 16.542
Mean difference: 0.414 (CI-0.845to 1.673)*

Range : -0.171 to 75.178

Pitman's Test of difference in variance: r = 0.023, n= 160, p =0.775

18.809 — o o

-54.7173 °
T T T T
-171116

T
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Figure 1c. Survey age at last disease activity vs database age at last disease activity based on last
diagnosis code

Limits of agreement (Reference Range for difference): -9.899 to 7.285

Mean difference: -1.307 (CI -2.491 to -0.123)*

Range : 0.703 to 80.350

Pitman's Test of difference in variance: r = 0.004, n =53, p=0.976
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Figure 1d. Survey age at last disease activity vs database age at last disease activity based on last
prescription code

Limits of agreement (Reference Range for difference): -14.515 to 6.818

Mean difference: -3.849 (CI -5.319 to -2.379)*

Range : 0.985 to 81.030

Pitman's Test of difference in variance: r =-0.149, n = 53, p = 0.286

6.81809

Survey_reage - Database_reage_rx
1
[e]

-18.3388 °
T
.9846

T
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Average

Notes: *The difference between the database and survey estimates did not follow a normal
(Gaussian) distribution; therefore the 95% of the differences may not lie within 2 standard
deviations of the mean.
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Supplementary Figure S2. Calculation of positive predictive value (PPV)

Confirmation of eczema
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PPV = A/ (A+B)
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Supplementary Figure S3. Survey Instrument (Adults)

Questionnaire

| Practice ID | Patient ID | Year of Birth | Sex |

Please complete this survey to help us validate the diagnosis of ECZEMA® in routine health records.
*Eczema is also known as atopic dermatitis or atopic eczema.

Has the patient had an itchy skin condition? Does the patient have a history of generally dry skin?
[1YES [INO [] UNKNOWN [1YES [INO [] UNKNOWN

Has the patient ever had visible flexural dermatitis involving the skin creases, such as the fronts of elbows, behind
the knees, fronts of ankles, around the neck, or around the eyes?
L1YES [INO [] UNKNOWN

Does the patient have a history of flexural dermatitis?
L1YES [INO [] UNKNOWN

Does the patient have a history of other atopic disease (g.g asthma or allergic rhinitis)?
LLYES [INO [] UNKNOWN

Based on your knowledge of this patient and review of the medical record, has the patient ever had eczema?
[LYES [ ] NO (End of survey, thank you)!

v

Did the patient’s eczema begin at approximately the following date? MM-YYYY
[1YES [] NO - If no, at approximately what age did the patient’s eczema begin?
years [ ] UNKNOWN

When was the last time the patient was seen prior to 1/1/2013? ___ - (MM-YYYY)
Did the patient have eczema symptoms during the year prior to that visit?
L1YES [INO [] UNKNOWN

if yes, (se provide a global assessment of thmno, please specify the patient’s
patient’s eczema during the year prior to that visit: approximate age at eczema remission:
[] Mild: areas of dry skin plus infrequent itching (with or

without small areas of redness) [J___ years
[1 Moderate: areas of dry skin plus frequent itching plus

redness (with or without excoriation and |ogalised skin [1 UNKNOWN

thickening)

[] Severe: widespread areas of dry skin plus incessant jiching
plus redness (with or without excoriation, extensive skin
thickening, bleeding, oozing, cracking and alteration of
pigmentation) End of survey, thank you!
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Supplementary Figure S4. Survey Instrument (Children)

Questionnaire

| Practice ID | Patient ID | Year of Birth | Sex |

Please complete this survey to help us validate the diagnosis of ECZEMA® in routine health records.
*Eczema is also known as atopic dermatitis or atopic eczema.

Has the patient had an itchy skin condition? Does the patient have a history of generally dry skin?
L1YES (1IN0 [] UNKNOWN L1YES [INO [] UNKNOWN

Has the patient ever had visible flexural dermatitis involving the skin creases, such as the fronts of elbows, behind
the knees, fronts of ankles, around the neck, or around the eyes (or visible dermatitis on the cheeks and/or
extensor areas in children aged 18 months or under)?

[1YES [InO [] UNKNOWN

Does the patient have a history of flexural dermatitis (or dermatitis on the cheeks and/or extensor areas if aged 18
months or under)?
L1YES [1nO [] UNKNOWN

Does the patient have a history of other atopic disease (e.g. asthma or allergic rhinitis), OR a family history of
atopic disease in a first degree relative if aged under 4 years?
L1YES [INO [] UNKNOWN

Based on your knowledge of this patient and review of the medical record, has the patient ever had eczema*?
LLYES [ ] NO (End of survey, thank you)!
1

v

Did the patient’s eczema begin at approximately the following date? MM-YYYY
[1YES [] NO - If no, at approximately what age did the patient’s eczema begin?
years [ ] UNKNOWN

When was the last time the patient was seen prior to 1/1/2013? ___ - (MM-YYYY)
Did the patient have eczema symptoms during the year prior to that visit?
L1YES [INO [] UNKNOWN

if yes, ése provide a global assessment of m if no, please specify the patient’s
patient’s eczema during the year prior to that visit: approximate age at eczema remission:
L[] Mild: areas of dry skin plus infrequent itching (with or

without small areas of redness) [1___ years
[] Moderate: areas of dry skin plus frequent itching plus

redness (with or without excoriation and |ggalised skin [1 UNKNOWN

thickening)

[] Severe: widespread areas of dry skin plus incessant jtching
plus redness (with or without excoriation, extensive skin
thickening, bleeding, oozing, cracking and alteration of

plgmentation) End of survey, thank you!
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