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What’s known about this topic? 

• Various severity outcome measures for atopic dermatitis (AD) are currently in 

existence.   

• A standardised severity outcome measure is a prerequisite to interpretable and 

comparable evidence-based medicine.  

• To date, a prospective study to compare the inter-rater and intra-rater reliability of the 

SCORAD, EASI, TIS and SASSAD directly together has not been published. 

 

What the study adds?  

• EASI has demonstrated the highest inter-rater and intra-rater reliability, when 

compared to the oSCORAD, SASSAD and TIS. 

• TIS is the easiest to administer. 

• There is a low correlation between the patient’s quality of life and physicians’ 

objective measure of disease.  A
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ABSTRACT  

Background:  There are multiple severity outcome measures for atopic dermatitis (AD). There is a 

need to compare the reliability of these measures.  

Objectives:  To compare the inter-rater and intra-rater reliability of the objective Scoring Atopic 

Dermatitis (oSCORAD), Eczema Area and Severity Index (EASI), Six Area, Six Sign Atopic Dermatitis 

(SASSAD) and Three Item Severity index (TIS); To analyse the correlation between  these outcome 

measures to QOL instruments: Patient-Orientated Eczema Measurement, Dermatology Life Quality 

Index and SkinDex-29. 

Methods: Twelve AD patients attended a one day scoring exercise by 5 trained dermatology 

clinicians. Inter-rater and intra-rater reliability were assessed using the intra-class correlation 

coefficient (ICC). Correlation between clinician-rated and patient-reported measures was analysed 

using the Spearman’s rho.  

Results: Regarding inter-rater reliability, EASI and SASSAD showed good reliabilities with ICCs of 

0.730 (95% CI=0.500-0.900) and 0.680 (95% CI=0.440-0.880) respectively. However the ICCs were 

poor for TIS and oSCORAD with 0.497 (95% CI=0.233–0.785) and 0.498 (95% CI=0.234–0.785) 

respectively. Separate BSA component analyses showed that the oSCORAD’s BSA component have 

contributed to its inter-rater variations. Regarding intra-rater reliability, EASI and TIS showed 

excellent ICCs of 0.886 (95% CI: 0.744-0.952) and 0.820 (0.614-0.923) respectively, while SASSAD 

showed a good reliability with ICC of 0.720 (95% CI = 0.424-0.878). However intra-rater ICC was poor 

for oSCORAD with 0.446 (95%CI=0.037-0.730). Regarding correlation with patient-reported 

measures, only SASSAD demonstrated moderate correlation with SkinDex-29, ρ=0.611 (p=0.035). 

Conclusions: EASI demonstrated the highest inter-rater and intra-rater reliability, supporting it as 

the optimal AD severity outcome measure.  
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INTRODUCTION  

Atopic dermatitis (AD) is a chronic and common dermatologic condition with various interventional 

options being assessed in clinical trials. However, the evidences produced are limited by the lack of a 

single standardised AD severity scale. This problem has prompted the Harmonizing Outcome 

Measures for Eczema (HOME) initiative, a collaborative group of international clinicians, patients 

and researchers seeking to establish a core set of AD outcome measures.1-3  

A recent systematic review on the validation of AD outcome measures identified 16 different 

AD severity scales.4-20 Five of the most commonly used ones include the SCORing Atopic Dermatitis 

(SCORAD), Eczema Area and Severity Index (EASI), Six Areas, Six Sites Atopic Dermatitis (SASSAD), 

Three Item Severity index (TIS) and the Patient-oriented Eczema Measure (POEM).14-19 Of these, only 

the SCORAD and the EASI have been evaluated satisfactorily. Although the SCORAD has been shown 

to be a valid, internally consistent, and responsive score, its reliability has not been adequately 

evaluated.15,21,22 Also, it mixes objective and subjective symptoms in its score which may introduce 

bias. Although patient-reported outcomes are equally important for clinical trials, they should be 

measured  separately from clinician-rated objective outcomes, but can be combined for a total 

severity score. The proposed objective-SCORAD (oSCORAD) has been shown to be consistent. 

However, as with the SCORAD, its reliability has also not been adequately evaluated. Meanwhile, the 

EASI has been shown to be a reliable, internally consistent, valid and responsive measure.16,22,23 It 

has the advantage of being completely clinician-objective, and gives separate severity scores to 

different body areas. When choosing between the SCORAD and the EASI, the most recent HOME 

consensus preferred the EASI.24 However, there has been no study directly comparing these 2 scales. 

To the best of the authors’ knowledge, there has not been a previous study comparing a 

large number of AD outcome measures together. We aim to contribute to the growing process of AD 

outcome measures standardisation by directly comparing the inter-rater and intra-rater reliabilities 

of the objective measures oSCORAD, EASI, SASSAD and TIS. We will assess their correlation with A
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patient-oriented measures, the Dermatology Life Quality Idex/Child Dermatology Life Quality Index 

(DLQI/CDLQI)25,26, SkinDex-2927 and Patient-Orientated Eczema Measurement (POEM).18  

 

MATERIALS AND METHODS 

This was a pre-planned prospective exploratory study. Ethical approval was granted by the 

South Eastern Sydney Local Health District HREC (Northern Sector) 

(HREC/12/POWH/155). The scoring was conducted on 20th October, 2012.  

 

CLINICIAN-RATED SCORING SCALES 

oSCORAD 

SCORAD was developed in 1993, focusing on 3 separate areas: extent of disease, intensity, and 

patients’ subjective symptoms (pruritus and sleep loss). The extent of the lesions was determined by 

the Rule of Nines. Intensity of AD was further categorised into erythema, oedema/papulation, 

crusting, excoriation and lichenification and is graded from 0-3, based on a representative area of 

the whole body.15 The oSCORAD was proposed in 1997, removing the subjective component of the 

SCORAD and bringing the maximal score from 103 to 83.19 

 

EASI 

The EASI is a modified version of the Psoriasis Area and Severity Index (PASI), wherein the extent of 

disease and objective signs (erythema, induration, excoriation & lichenification) are assessed using 

different weighting factors to give a maximal composite score of 72. The extent of disease is 

A
cc

ep
te

d
 A

rt
ic

le
 

 

 



This article is protected by copyright. All rights reserved. 

determined through an estimation of the total body surface percentage in 4 areas: head and neck, 

trunk, upper and lower limbs.23 

 

SASSAD 

SASSAD assesses 6 signs of eczema (erythema, exudation, excoriation, dryness, cracking, and 

lichenification) on a scale of 0-3 in 6 areas (arms, hands, legs, feet, head and neck), hence yielding a 

maximal possible score of 108.17 SASSAD removes the surface area component and eliminates the 

risk of over- or under-estimation of surface area involved.28 

 

TIS 

TIS was introduced in 1999 as a simplified SCORAD, containing an easy-to-administer 4-point scale 

(from 0-3) on the 3 signs (erythema, oedema and excoriation), with a maximum of 9 points.14 The TIS 

is scored based on a representative site. 

 

PATIENT-REPORTED SCORING SCALES 

POEM 

POEM assesses symptom frequency, the pattern of remission and relapse. The questionnaire 

consists of 7 questions, each with a 5-point scale (0-4).  The questions involve the frequency of 

pruritus, sleep loss, bleeding, oozing, cracking, flaking and dryness. The maximal score is 28. AD 

severity bands according to POEM scores have also been proposed.29 There is good correlation 

between the POEM, CDQLI/DQLI and global assessment of illness.18 
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CDLQI/DLQI 

DLQI and CDLQI and are the most commonly used instruments to determine the impact on quality of 

life of dermatologic conditions. The DLQI consists of 10 questions addressing different areas such as 

impact on leisure activities, school / holidays, personal relationships, sleep and treatment. Each item 

is scored on a scale from 0 (not relevant) to 3 (very much), with a maximum of 30 points. A cartoon 

version of the CDQLI is available. 

 

SkinDex-29 

SkinDex-29 assesses 3 aspects of a patient’s life: emotions, functioning, and symptoms. These are 

graded with 5-point scales giving a maximum score of 175.27  

 

SAMPLE SIZE CALCULATION 

According to the COSMIN guidelines, the sample size required for reliability analysis would be less 

than that of a factor analysis study.30 Calculations showed that with a sample size of 11 patients and 5 

assessors, an observed ICC of 0.9, 0.8 and 0.7 would be estimated with 95% confidence intervals of 

(0.81-0.99), (0.64-0.96) and (0.48-0.92) respectively. Thus the study would be powered to 

discriminate a high (0.9) from moderate (0.7) ICC, which we felt was an acceptable level of precision.  

 

PARTICIPANTS 

The AD patients were selected from the senior author’s specialist dermatology practice based on a 

range of severities and ages, with the inclusion and exclusion criteria in Supplementary Table 1. 
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ASSESSORS 

All 5 assessors were either dermatologists or had completed full-time dermatology fellowships for 2 

years. All 5 assessors have had long-term experience with scoring AD using the EASI and SCORAD. 

Just prior to the session, assessors also attended a one hour training session, where they reviewed 

all 4 scoring systems and had their queries clarified.  

 

ONE-DAY ATOPIC DERMATITIS SCORING EXERCISE 

On the scoring day, participants were placed in individual rooms asked to complete patient-

oriented questionnaires. Each assessor followed a roster to rotate around the rooms. The 

assessors had 12 minutes to examine each patient using the 4 scales. Each scale was printed 

on a differently coloured sheet and these sheets were placed in random orders for each 

assessor, per patient. At any one point, only one assessor was assigned to one patient. Each 

assessors recorded the time it took for them to complete each scale.  

To assess intra-rater reliability, each assessor was asked to rescore at least 4 randomly allocated 

patients. The randomisation process was kept undisclosed by an uninvolved investigator.  Efforts 

were made to ensure at least half an hour time lapse between the assessors’ first and second 

attempt to minimise recall bias. The assessors were not allowed to discuss their scores with one 

another. 

Feedback from the assessors was formally collected in a 2 hour group meeting at the end of the 

scoring session. 

STATISTICAL ANALYSIS 

Statistical analyses were performed using Microsoft Excel and SPSS versions 18.0 and 22.0. A
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Reliability was determined using one way random-effect ANOVA ICC. Inter-rater reliability was 

graphed using scatterplot, and intra-rater reliability using Bland-Altman plots.  

To determine body surface area (BSA)’s contribution to inter-rater variations, the EASI and oSCORAD 

had area scores graphed using scatterplot. The BSA component and the ‘total minus BSA 

component’ of the oSCORAD had its coefficient of variation (CV) calculated. The oSCORAD was 

chosen as only it has a directly extractable BSA component. The null hypothesis (that BSA does not 

contribute to oSCORAD inter-rater variations) is that the CV for the BSA component would be 

smaller than the ‘total minus BSA component’. A paired T-test was used to determine the 

significance of the difference. 

The correlation between clinician-oriented and patient-oriented scales were analysed using the two-

tailed Spearman’s rho and scatterplots.  

 

RESULTS  

Out of the 30 AD patients approached, 14 agreed to participate. On the day, 12 patients attended; 3 

adults and 9 children. All patents were diagnosed with AD, with the exception of 1 patient also 

having ichthyosis vulgaris in addition. Table 1 shows the participants’ characteristics. Four of the 5 

assessors rescored 4 patients, and one assessor rescored 5. 

For feasibility, all scales were completed within 3 minutes. oSCORAD and SASSAD  required 2:20 

minutes, EASI required 2:10 minutes and TIS 40 seconds.  

For intra-rater reliability, both EASI (ICC=0.886 [95% CI: 0.744-0.952] and TIS (ICC=0.820 [95% CI: 

0.614-0.923]) demonstrated excellent reliability. SASSAD showed good reliability (ICC=0.720 [95% CI: 

0.424-0.878]) whilst oSCORAD (ICC=0.446 [95% CI: 0.037-0.730]) had poor reliability. The score’s 

Bland Altman plots are shown in Figure 1-4. A
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For inter-rater reliability, both EASI (ICC=0.730 [95% CI: 0.500-0.900]) and SASSAD (ICC=0.680 [95% 

CI: 0.440-0.880]) demonstrated good reliability, whilst oSCORAD (0.498 [95% CI: 0.234-0.785]) and 

TIS (ICC=0.497 [95% CI: 0.233-0.785]) showed poor inter-rater reliability. Figure 5-8 demonstrated 

the score’s inter-rater variations. 

The inter-rater CV means of the oSCORAD BSA component was 0.404, higher than that of the ‘total 

minus BSA component’, which was 0.242. A paired T-Test showed a significant difference between 

these CV means with p=0.01. This showed that the BSA component of the oSCORAD contributed to 

its inter-rater variations. Supplementary Figures 1-2 demonstrated the oSCORAD and EASI’s inter-

rater BSA component variations. 

Correlation between patient-reported and clinician-rated outcome measures showed moderate 

correlation between SASSAD and the SkinDex-29, ρ=0.611 (p=0.035) (Figure 9). The mean Skindex-29 

was 58.6/120 (range: 21-95), mean DLQI/CDLQI score was 12/30 (range: 5-23) and mean POEM was 

17/28 (range: 9-26). There was no correlation between the objective scoring systems and the 

DLQI/CDLQI and POEM. 

Subjective feedback from the assessors showed that all assessors had preference of assessing AD 

severity in different sites, as in the EASI and SASSAD, instead of grading only a representative site. 

Also, all assessors felt that the TIS was fast and easy to use. 

 

DISCUSSION  

Supporting the HOME consensus statement, this study showed that the EASI had consistently 

the most superior inter-rater and intra-rater reliability.24 Interestingly, the SASSAD also 

showed moderate reliability, higher than the well-accustomed oSCORAD, questioning the 

suitability of the oSCORAD as a routine AD outcome measure. A
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BSA estimation has been agreed upon as an important aspect of AD severity 

assessment.3 However, the method of BSA estimation varies between scores. An explanation 

for the oSCORAD’s poor inter-rater reliability may be its utilisation of the palm size 

according to the “rule of nines” for an exact percentage, whereas EASI estimates the body’s 

surface area using 7 choice bands. The complexity in separately scoring palm sizes may 

subject the assessor to further over- or underestimation of the affected area, especially in a 

child.32 Despite our assessors being familiar with BSA estimation from clinical trials and the 

rule of nines, CV calculations have shown that the BSA did contribute to the inter-rater 

variations in oSCORAD scores. On the other hand, an explanation for the SASSAD’s 

relatively good inter-rater reliability is that it accounts for BSA by including 6 separate body 

regions, thus accounting for extent of involvement without having to estimate an exact area.  

 

Disease severity in AD can vary according to the site affected. The generalisation of 

disease severity according to a representative site, independent of the body area affected may 

explain oSCORAD’s poor inter-rater and intra-rater reliabilities as well as the TIS’ poor 

intra-rater reliability. On the other hand, the EASI and SASSAD attempt to allow more 

accurate representation of AD severity by having the different scores for all lesions at 

different sites. In particular, the SASSAD gives emphasis to the severity of patients’ face, 

hands and feet in its more holistic patient assessment. These areas are usually more 

prominent in irritant and allergic contact dermatitis than in atopic dermatitis alone, but are 

particularly important when assessing impact of disease. Also, by thorough examination of 

disease severity of each independently affected body part, the most and least affected areas 

on the patients can be elucidated, thus allowing the prioritisation of targeted treatments such 

as UV therapy. In future validation studies, recording of the chosen ‘representative sites’ 

from SCORAD and TIS may elicit if certain areas are more suitable as ‘representative sites’. A
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TIS’ simplistic design allowed the fastest assessment time, excellent intra-rater 

reliability but surprisingly low inter-rater reliability. The low inter-rater reliability makes it 

questionable for use in multi-centre clinical trials and meta-analysis. However, TIS would 

benefit general practitioners as a screening tool with its good feasibility, as supported by 

subjective positive feedback from the assessors. However this may not apply to real clinical 

practice with increased amounts of distractions and interruptions.  

As with utilisation of any severity scoring system, the experience of the assessors also 

plays a pivotal role in the efficacy of the scoring systems in practice. Even with experienced 

scorers, there were also variations in their subjective assessments of the lesions’ severity. 

This could be attributed to their previous exposure to patients with AD and experiences with 

administering the scoring systems. Although all of the assessors have had experience with 

EASI and SCORAD, discrepancies also took place, suggesting that the experience levels of 

the assessors could not completely account for the results obtained from the study.  

 

There were intrinsic factors that may have confounded the accurate assessment of 

patients’ severity.  These could be attributed to patients’ characteristics and comorbidities. 

Patients of darker skin tone presented a challenge in grading lesions’ erythema, as opposed to 

patients with lighter skin tone. Assessments relied entirely on physicians’ experiences with 

managing patients of similar skin tone. A similar problem was encountered in one AD patient 

with mild ichthyosis vulgaris, wherein it was challenging to isolate AD from ichthyosis 

vulgaris during the scoring sessions. By including this patient in the study, the patient 

characteristics involved in the study therefore simulated clinical practice instead of an 

artificial environment. The results for this patient showed comparable inter-rater and intra-

rater reliability with the rest of the study population without skewing the results. Overall, the A
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use of patients with heterogenous severity is strength of the study, which mimicks clinical 

practice and shows that the scoring systems can discriminate patients with heterogeneity. 

Interestingly, the study also revealed low correlation between patients' perception of 

illness through quality of life questionnaires and dermatologists' objective assessment of 

disease severity. Among the quality of life instruments used in the study, only Skindex-29 

showed moderate correlation with SASSAD.  The poor correlation between clinical severity 

and patients’ quality of life is a well-recognised issue, and has been shown in other chronic 

diseases such as pemphigus.25,33 It is possible that the two types of scores reflected different 

facets of AD. The discrepancy highlights the importance of paying equal attention to both 

elements and collecting both scores in holistic patient management and clinical trials. 

Repeating this study with a larger sample size may be required to further investigate this. 

 

An issue raised during study feedback was the responsiveness of the combinative 

approach used by all of these scoring systems to obtain the score. Severity of the lesions is 

expressed as a mix of both the reversible disease activity and the more chronic secondary 

changes, possibly confounding the physician’s evaluation of a patient’s responsiveness to 

change on follow-up. When chronic signssuch as lichenification have more weighting, the 

detection of the effect of the current management regime in certain patients may be 

misperceived. This could possibly be addressed if these scores were modified to assess the 

patient's activity and secondary damage separately. This approach has already been utilised in 

other dermatological conditions such as the Cutaneous Lupus Erythematosus Disease Area 

and Severity Index (CLASI) for lupus and the Pemphigus Disease Area Index (PDAI) for 

pemphigus.34,35  
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One limitation of this study was its relatively small sample size. Ideally the scoring 

sessions should be repeated with a greater number of participants of 15-20 to allow for more 

previse confidence intervals. However, based on the results gathered from the study, it is 

possible to obtain discriminating results regarding the inter-rater and intra-rater reliability of 

oSCORAD, EASI, SASSAD and TIS with this sample size. Also, a larger sample size would 

introduce assessor fatigue given that each assessor had to score each patient using 4 different 

scores, plus another 2 scores repeated for intra-rater reliability testing. Another limitation was 

the introduction of potential recall bias by having each assessor completing one score after 

another which may possibly confound the results of the later score sets. 

Our study implicates further follow-up studies on the inter-rater and intra-rater reliability of 

these outcome measures in other countries and settings. Also, a study to assess the scoring 

systems for patients over a period of time may be done to assess changes in disease activity 

and damage. Although more time consuming, this approach would provide valuable 

information regarding the scoring systems' responsiveness to patients' progress. 

In conclusion, EASI had the highest inter-rater and intra-rater reliability in comparison with 

the oSCORAD, SASSAD and TIS, hence making it a valuable tool in clinical trials. TIS was 

the easiest to administer and would be useful as a personal marker of patients' progress in 

general practice by the same GP, but not in situations where there are different doctors each 

time or in clinical trials.  
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Legends 

Table 1: Patient demographics 

Baseline characteristics AD Patients 

Number Total 12 

 Paediatric 9 

 Adult 3 

Age  Mean 13 (SD: ±6.4) 

Median 11 

Paediatric mean 9 

Adult mean 25 

Sex (%) Female  9 (75%) 

Male 3 (25%) 

Ethnicity (%) Caucasian 8 (67%) 

Asian 3 (25%) 

African 1 (8%) 

Patient-oriented severity 
according to POEM* (%) 

Moderate 6 (50%) 

Severe 5 (42%) 

Very severe 1 (8%) 

*POEM score severity bands: 0–2 (clear/almost clear); 3–7 (mild); 8–16 (moderate); 17–24 (severe); 25–28 
(very severe) 
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Figure 1. Bland-Altman plots demonstrating the variation in patient scores, which is a 
measure of the intra-rater reliability for the EASI.  
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Figure 2. Bland-Altman plots demonstrating intra-rater reliability for the SASSAD.  
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Figure 3. Bland-Altman plots demonstrating intra-rater reliability for the oSCORAD. 
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Figure 4. Bland-Altman plots demonstrating intra-rater reliability for the TIS. 
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Figure 5. EASI’s inter-rater scores in ascending patients’ mean score rank. 
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Figure 6. SASSAD’S inter-rater scores in ascending patients’ mean score rank. 
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Figure 7. oSCORAD’S inter-rater scores in ascending patients’ mean score rank. 
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Figure 8. TIS’ inter-rater scores in ascending patients’ mean score rank. 
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Figure 9. Correlation between Skindex-29 and objective outcomes with trend lines. 
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Supplementary Table 1. Inclusion and exclusion criteria for the study.

Inclusion criteria Exclusion criteria
 Age range: 0-80 years

 Those with atopic dermatitis, currently
receiving or initiating treatment

 Of mature mind and able to give consent, in
case of children (below 18 years of age) then
the guardian or caretaker can provide
consent

 Be able to understand and complete the
DLQI/ CDLQI and Skindex-29 questionnaire
(except for babies and infants)

 Participants who are unwilling or unable to
comply with requirements of the protocol

 Those withdrawing from the study.

 Non-English speakers

Supplementary Figure 1. oSCORAD’s BSA scores in ascending patients’ mean score rank. The x-axes
show the 12 patients ranked by their mean scores across the 5 assessors (represented by the black
horizontal line sign).



Supplementary Figure 2. EASI’s area scores in ascending patients’ mean score rank. The x-axes
show the 12 patients ranked by their mean scores across the 5 assessors (represented by the black
horizontal line sign). Each graph represents an area scored by EASI: a) head and neck, b) upper
limbs, c) trunk, and d) lower limbs.
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