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ABSTRACT

Objective: Acne vulgaris is a dynamic, complex condition that is notoriously difficult to evaluate. The authors set out
to critically evaluate currently available measures of acne severity, particularly in terms of suitability for use in clinical
trials. Design: A systematic review was conducted to identify methods used to measure acne severity, using MEDLINE,
CINAHL, Scopus, and Wiley Online. Each method was critically reviewed and given a score out of 13 based on eight quality
criteria under two broad groupings of psychometric testing and suitability for research and evaluation. Results: Twenty-
four methods for assessing acne severity were identified. Four scales received a quality score of zero, and 11 scored <3.
The highest rated scales achieved a total score of 6. Six scales reported strong inter-rater reliability (ICC>0.75), and four
reported strong intra-rater reliability (ICC>0.75). The poor overall performance of most scales, largely characterized by
the absence of reliability testing or evidence for independent assessment and validation indicates that generally, their
application in clinical trials is not supported. Conclusion: This review and appraisal of instruments for measuring acne
severity supports previously identified concerns regarding the quality of published measures. It highlights the need for a
valid and reliable acne severity scale, especially for use in research and evaluation. The ideal scale would demonstrate
adequate validation and reliability and be easily implemented for third-party analysis. The development of such a scale is

critical to interpreting results of trials and facilitating the pooling of results for systematic reviews and meta-analyses.

(J Clin Aesthet Dermatol. 2016;9(7):40-52.)

cne vulgaris (acne) is a polymorphic skin condition,
A::‘haracterized by physical symptoms (i.e., lesions,
odules, cysts,! scarring® and psychological
sequelae.”™ The condition is dynamic and complex, with
constantly fluctuating acute and chronic symptoms' and
inconsistent distribution.’”> The complexity of these
attributes makes it inherently difficult to evaluate.’*'* In
fact, the measurement and grading of acne severity is a
recognized challenge impeding high quality research.’*
This issue was most recently highlighted in a Cochrane
review of the efficacy and safety of minocycline, where
authors concluded that “Its efficacy..... could not be
reliably determined due to the poor methodological quality
of the trials and lack of consistent choice of outcome
measures.”

Approaches to the assessment of acne severity.
There are four broad approaches to the assessment of acne
severity: 1) lesion counting, 2) global acne severity grading,
3) subjective self-assessment, and 4) multimodal digital

imaging. These techniques are described below.

Acne lesion counting involves tallying the number of
different lesion types and is typically done #7-situ. It is
described as precise, objective, and highly discriminative
(describing severity down to the individual lesion level),"
and can provide continuous data for statistical analysis.'®'
However, it is also time-consuming, intrusive for the
patient/subject and does not capture various clinical
aspects of symptoms including concentration, distribution
and size of lesions, or skin redness (erythema).'”*® In
addition, counting requires specialist knowledge and
training to administer, and assessment is dependent on
variables, such as lighting, the assessor’s visual capacity and
underlying skin quality.”

Global severity grading (grading) is a universal
assessment of acne in which a client’s presentation is
compared against text descriptions or photographs.
Grading is promoted for use within a clinic setting as it is
practical and easy to use'®; graders are also able to evaluate
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a range of aspects pertinent to severity, including number,
type, and size of lesions, but also the presence and coverage
of inflammation, erythema, and seborrhea.”® This
approach is often criticized for being subjective, less
sensitive to change, and too simplistic to provide useful
insight'**; but these criticisms seem to reflect aspects of
individual instruments (i.e., the interpretation of text
description or limited categories in a scale), rather than a
problem that is inherent in the approach. Some have noted
that the introduction of photographic scales has provided
an easier to use and more precise system relative to older
text-based scales.?

Subjective self-assessment is variously portrayed as
simply the identification of the condition* or as a global
evaluation of severity category provided by the patient.?# It
has been identified as an unreliable approach to the
assessment of severity,># although studies have reported
agreement between perceived acne severity and poor
quality of life.*

Multi-modal imaging is the use of specialist
photographic equipment and computer algorithms to
capture and analyze lesion types, extent of erythema, and
pigmentation changes. Described as “objective,”* this new
technology relies on specific equipment, which may include
purpose-built technology or require multiple items of
specialist equipment including ultraviolet (UV) A lamps,
fluorescent lights, polarizers, filter wheels, and a digital
camera.*

Quality of existing scales. A number of expert
reviews have explored the range and quality of existing
acne severity rating scales. Witkowski and Parish'
published an expert evaluation of scales published prior to
1997, including a description of two main approaches, and
their own opinion regarding the superiority of lesion
counting over grading. Tan et al®* published an expert
review in 2008, which identified scales published between
1982 and 2007; but, the review did not critically appraise
the quality of the scales. Notwithstanding, the authors of
this article did describe scales for acne scarring and quality
of life, and did recognize the complex nature of the
condition and the necessity for a holistic scale that
combines all of the physical and psychosocial aspects of
acne vulgaris. In a more recent, but somewhat brief,
overview of the most frequently used scoring systems for
acne assessment, Adityan et al* concluded comparably to
Tan et al,’* and Witkowski and Parish,* that the nature of
acne makes the condition difficult to assess, and that the
measures currently available are unable to detect multiple
aspects of the condition. A scale that is able to capture
these aspects, which is quick, easy to use, and accurate,
would be beneficial in clinical practice and research.
Witkowski and Parish'® went further to suggest that the use
of a counting method would provide the best results for
epidemiological and clinical research, while a grading
method would be best suited for the clinical setting.

Previously, Lehmann et al” had conducted a
methodologic review to establish the effectiveness of acne
treatments by reviewing trials conducted before 1999. This

study did not specifically set out to identify outcome
measures, and it does not formally evaluate them.
Nevertheless, during the course of this review, the authors
identified 25 different assessment methods, including 19
different approaches to counting lesions.

More recently, Barratt et al® conducted a systematic
review of acne scales published prior to 2001. The 2009
review” investigated the various measurement properties of
nine different methods, including three novel technologies,
such as polarized light or fluorescence photography. Using
a dichotomous (yes/no) scoring scheme (capturing only
whether evidence was reported in the paper), each method
was evaluated in two major categories (i.e., construction
and evaluation) and eight subcategories, including scale
development, piloting, item description and reproducibility,
inter and intra-rater reliability, validity, and responsiveness
to change. Barratt et al® concluded that the plethora of
mostly nonvalidated scales made secondary analysis and
the interpretation of results difficult. The information
provided by the authors of this systematic review was
limited to whether or not the acne scales provided evidence
of reliability or validity, rather than making an assessment
about the quality of this information. The review was also
limited to nine scales published prior to 2001.

Recognizing the concerns with existing measures of acne
severity, and the inadequate appraisals of acne severity
scales to date, the authors conducted a critical review of
original published acne scales to formally evaluate their
quality against a set of predetermined criteria. The aim was
to assess the applicability of current acne scales for use
within the clinical or community trial setting as distinct
from clinical practice. This review represents the first
published critical appraisal of acne severity scales. Building
on information provided by previous authors in the
field,'s'*20% it aims to examine not only the usefulness of the
instrument in a clinical or community trial setting, but also
evaluate the methodology used to describe various
psychometric outcomes.

METHODS

Literature search. A systematic search of the literature
was conducted to identify publications that described
methods for grading acne. The search was initially
performed in November 2013, and updated in August 2015.
MEDLINE, CINAHL, Scopus, and Wiley Online were
searched using various combinations of the search terms
acne vulgaris, assessment, diagnosis, -classification,
measurement outcome, evaluation, and scale. To focus
these searches, terms such as validation, reliability, and
psychometric were also included. Papers were limited to
those published in the English language and in peer-
reviewed, scholarly journals and dermatology textbooks.
There were no limits placed on date of publication. Also
searched were the reference lists of expert opinion pieces,
research articles, and literature/systematic reviews.®8203
The search was conducted by TA. The articles were first
screened by title and abstract, and then a full-text copy of
the article was retrieved to confirm eligibility.
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TABLE 1. Quality criteria—acne severity instruments

CRITERION

|. Psychometrics

Validity—has the scale been subject to formal validity
testing?

2—Excellent correlation (ICC =0.75)*
1—Fair to good (ICC 0.41-0.74)*
0—no evidence provided or evidence of fair or poor correlation (ICC

<0.40)%%; fails to meet basic criteria

Inter-rater or between rater reliability

2—Excellent correlation (1CC=0.75)%
1—Fair to good (ICC 0.41-0.74)%
0—no evidence provided or evidence of fair or poor correlation (ICC

<0.40)%%; fails to meet basic criteria

CORE CRITERIA

Intra-rater or within rater reliability

2—Excellent correlation (ICC=0.75)%
1—Fair to good (ICC 0.41-0.74)*
0—no evidence provided or evidence of fair or poor correlation (ICC

<0.40)%%; fails to meet basic criteria

2—yes, evidence provided and is sensitive to change

Reports data suggesting that the instrument is sensitive
to change

Population representativeness

1—authors suggest instrument is sensitive to change, but not supported
0—not provided or evidence provided and weak or not sensitive to
change

1. Suitability for use in research and evaluation

2—test sample drawn from the general population

1—test sample drawn from limited population (e.g., those attending a
clinic or school children)

0—limited description or test population not described

Ease of use/feasibility: Based on feedback from raters
about clarity and ease of use of the instrument

1—yes, feedback provided and described as good
0—negative feedback, no feedback provided

Independent third-party assessment and verification; may

DESIRABLE CRITERIA

include a clearly defined protocol for centralized 1—yes
assessment, independent ratings and verification 0—No
purposes.

Non-expert evaluation—evidence of testing by non-expert | 1—yes
evaluators 0—no

Inclusion criteria. Articles were included if they

independent remote assessment, and non-expert

described an approach for measuring acne severity either in
a clinical or research setting. Articles were excluded if they
assessed acne scarring, measured only one
pathophysiological aspect of acne (such as sebum
production), or described photographic techniques for
capturing acne symptoms, which did not provide a method
for wvisual assessment (e.g., fluorescence digital
photography or polarized light photography).

Data extraction. In keeping with the aim of the review,
TA extracted data related to the criteria set out below
including evidence of validity, inter and intra-rater
reliability, sensitivity to change, population, ease of use,

evaluation.

Quality criteria for assessment. Quality criteria were
developed based on previous research that identified
necessary components for a novel acne severity scale.”® The
aim of the current review was to establish whether
published acne severity instruments are useful for research
and evaluation in a community-based research setting.
Collectively, the quality assessment criteria fell under two
broad groupings (Table 1):

1) The psychometric properties of the scale—the
purpose of these criteria was to answer specific questions
about the symptoms of acne, with evidence of validation,
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inter-rater (across) and intra-rater (within)
reliability, and sensitivity to change forming the
core criteria; and

2) Suitability for wuse in research and
evaluation—these are the “desirable” qualities,
those that are advantageous or beneficial, including
ease of use, suitability for independent third-party
assessment and verification, non-expert evaluation,
and appropriateness of test populations (Table 1).

The application of scores based on individual
criteria, and an accumulated, overall quality score
enabled the authors to recognize quality published
or supporting evidence for each scale, and to rank
the papers accordingly. A scoring system was
devised to rate each quality attribute as described
below.

Core criteria—psychometrics. Three levels
of performance were set for each core criteria,
validity, inter-rater reliability, intra-rater reliability,
and sensitivity to change. If the evidence in a
category was strong, the scale received the
maximum score of 2 points. If there was weak
evidence of validity, reliability, or sensitivity, then
the assigned score was 1. If there was no evidence
of any psychometric testing in a category, or the
instrument performed poorly, the score assigned
was 0.

Desirable criteria—suitability for use in
research and evaluation. Population Represent-
ativeness. A three-level scale was applied to assess
the likely representativeness of the population used
to create the scale and thus, likely generalizability. If
there was no description of the population used to
develop the scale, a score of 0 was allocated. If the
population was narrowly defined (e.g., dermatology
clinic patients, or school children), the score
assigned was 1. If the scale was developed and
tested on a general, random sample, the allocated
score was 2.

FEase of wuse, ndependent third-party
assessment, and non-expert evaluation. In these
criteria, a score (based on a simple yes [1] or no [0])
was awarded if the authors provided descriptive
evidence within the articles.

Scoring of acne scales. Each criteria was
allocated a score of 0, 1, or 2 (where relevant),
which were summed to yield a total quality score
ranging from 0 to 13, with higher scores indicative
of a higher quality measure of acne severity.
Scoring was completed by the lead author (TA),
and reviewed and confirmed by all authors.

RESULTS

Figure 1 summarizes the outcomes of the
literature search. In total, 211 documents were
retrieved, of which 54 duplicates were removed,
and 119 articles excluded following title review.
The abstracts of 38 articles were read and 16

Articles
retrieved
(n=211)

Potentially
eligible articles
(n=157)

Abstracts
reviewed
(n=38)

Full-text articles
retrieved
(n=37)

Included articles
(n=23)

Duplicates
removed
(n=54)

Articles
excluded by title
(n=119)

Articles excluded (n=16):

- Assessment by patient report (n=5)
- Quality of life (n=5)

- Not acne vulgaris specific (n=3)

- Systematic review (n=1)

- Assessment of scarring (n=2)

Articles identified through the
reference lists of review article, other
relevant articles and author’s reference
manager (n=15)

Articles excluded (n=17)

- Not focused on acne outcome
measure (n=10)

- Not presenting a new scale (n=2)

- Not focussed on assessment (n=2)

- Article not in English (n=2)

Articles identified following expert
advice (including one patient self-
report validation study) (n=3)

Figure 1. Summary of search results
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subsequently excluded (not reporting on a new acne scale).
A hand search of the reference lists of reviews and articles
identified 15 additional articles. After reviewing the content
of 37 documents, 17 were excluded as they did not focus on
acne outcome instruments, did not present a novel
approach or idea, did not focus on assessment of physical
symptoms, or were not reported in the English language.
Following comments from experts, three more documents
were added. Twenty-four methods were included in the
final review.

Of the 24 published methods for assessing acne severity,
seven (29%) were lesion counting methods, including one
multimodal imaging article, which described a method for
capturing and counting acne lesions, and 17 (71%) were
global severity grading scales, including one patient self-
report method (Table 2). For the purpose of this critique,
Burke and Cunliffe’s Leeds technique® was evaluated as
two different methods (counting and grading) as each
provided unique psychometric testing results. Where
independent validity or feasibility studies have been
conducted, results have been treated as a single data source
for that scale; further, the data were not additive, and
assignment of scores was based on the highest performing
results as they were reported.

Of the counting methods, two provided an overall grade
based on the number of a particular lesion type, multiplied
by a severity factor®; two attempted to reduce counting
fatigue by providing novel approaches to counting sections
of face™; one relied on the assessment of acne by a
computer program®; one counted the lesions based on type
across the whole face® while another counted
inflammatory and noninflammatory lesions and applied a
grade based on this.* Two grading methods were based
solely on photographic images,** four were based on text
only,*** and seven provided both text and images,***
although one® did not publish the images. Two of the global
scales are modified versions of the original Investigators
Global Assessment (IGA),* first published in 2005, revised
in 2007, and variously validated in 2007** and 2011.* A six-
point scale published in 2005* is an adapted version of the
original published in 1982." Finally, the revised version of
the Leeds global grading scale appears to be a version of the
original black and white images from the original article,*
re-published in color. The authors included one multimodal
imaging measure, which provided some evidence of validity
and reliability testing for the assessment of acne signs and
symptoms.

A summary of the basic attributes and the quality
assessment of each of the 24 included scales are reported in
Table 2. The maximum quality score was 13; the highest
score, 6, was achieved by three measures—the Leeds
Revised Acne Grading (LRAG),*% The Global Acne Severity
Scale (GEA),” and The Escala de Gravedada del Acné
Espafiola (EGAE). Sixty-five percent (n=15) of the
measures generated a total quality score <3, with four of
these (27%) scoring 0. Performance in relation to the two
broad quality areas is discussed below.

Core score—psychometric properties. Inter-rater

reliability was reported for 14 (568%) methods; of these,
seven (33%) reported strong correlation scores of
>().75 Bsa1464854 Intra-rater reliability was reported for six
(30%) methods; four (71%) reported strong ICCs ranging
from 0.80 to 0.97#%%5 and one (14% ) reported evidence of
moderate positive correlation.” One instrument reporting
intra-rater scores® was not assigned a score for this
category as there were concerns about methodology.
Specifically, the authors did not conduct the intra-rater
assessment in a traditional test/re-test design; instead they
rated participants whose condition appeared to remain
“stable”, at two different time points, weeks apart, and
compared the results. Test/re-test reliability relies on the
same test being administered on two occasions™; i situ
test/re-test can be difficult to achieve given the polymorphic
nature of acne. In order to overcome this, the design should
ensure that either an image is captured and the same image
is re-assessed; or #n siltu assessment occurs on the same
day (see Lucky et al®) with hours separating rather than
days or weeks in order that the same lesions are counted
twice and not different presentations of the same condition.

Three scales (12.56%)*“*% reported sensitivity to change;
Cook et al® reported clinically meaningful change, but the
authors did not clearly describe how this was evaluated.
Puig et al (2013)* reported the EGAE as sensitive enough
to detect change among a group of participants who were
compliant with treatment, but not for participants who were
not adherent with the protocol of the study.

The psychometric property of validation is one of the
most important criteria for determining the quality of an
instrument (i.e., does the scale measure what it is supposed
to measure?). It is especially difficult to determine validity
for acne severity assessment tools as there is no gold
standard instrument against which validity can be assessed.
Regardless, four (16.6%) instruments were assessed
against existing, unvalidated scales.

Authors of the Comprehensive Acne Severity Scale
(CASS) assessed their grading method against the Leeds
grading technique.” They found that there were significant
positive correlations between the CASS and the Leeds
technique (Spearman’s correlation coefficient, r,0.823);
however, the Leeds technique is itself not validated and has
been described as skewed to the severe end by the same
authors. Validity was also reported in a study that assessed
the feasibility of the LRAG in Spain.**®® The validity of the
LRAG in the Spanish population was based on a comparison
with a counting method which was not described by the
authors and so outcomes were difficult to corroborate, and
results should be interpreted with caution. Participating
dermatologists performed lesion counts prior to
categorizing acne symptoms on the scale which may have
influenced the grading outcome.

Desirable score—suitability. Scores were also
generated to acknowledge factors that make the scale
appropriate for use within a research setting and this
category could potentially generate five additional points.
Four (16.6%) assessment methods did not achieve any
score in this major category, 5 while 11 (46%) scored
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TABLE 2. Quality assessment of acne measurement methods

Citation

DRENO ET AL 2011%

Assessment Method

Global Assessment: The Global Acne
Severity Scale (GEA Scale) is a 6-point
photo-numeric scale with descriptive
text. Assessment in situ and remote
assessment

Validity

CORE
QUALITIES

Intra-rater

Sensitivity

Population

DESIRABLE
QUALITIES

Feasibility

-
=
@
£
7]
7]
@
7]
7]

<

Evaluation

Core Score

SCORES

Desirable Score

Notes to
Assessment

Score Total

O’BRIEN ET AL 1998
(ORIGINAL)

GUERRA-TAPIA ET AL
2010% (VALIDATION)

Global Assessment: Leeds Revised
Acne Grading Scale (LRAG) is a
revision of the original Leeds Grading
technique.* A photo-numeric scale
with 13 categories

PUIG ET AL 2013*

Global Assessment: The Escala de
Gravedada del Acné Espariola (EGAE)
is a photo-numeric acne for face,
chest, and back. Assessment in situ

BURKE & CUNLIFFE
1984%

Counting: Counting of inflammatory
and noninflammatory lesions.
Assessment in situ

BURKE & CUNLIFFE,
1984*

BERGMAN ET AL 2009*

Global Assessment: The Leeds
technique is an 11-point scale,
supported by black and white images.
Assessment in situ.

Validation of Tool**: Leeds Global
Assessment by remote assessment

TAN ET AL 2007

Global Assessment: The
Comprehensive Acne Severity Scale
(CASS) is a 6-point scale with text
description of each category.
Assessment in situ.

PATWARDHAN ET AL
2013*

Counting: Multimodal facial imaging
system captures very high resolution
images; classification algorithms pre-
programmed for computer-based
analyses

Continued on the next page
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TABLE 2 cont. Quality assessment of acne measurement methods

Citation

LUCKY ET AL 1996

Assessment Method

Counting: Five zone counting
according type and number of
lesions. Assessment in situ

Validity

CORE

QUALITIES

Inter-rater

Intra-rater

Sensitivity

Population

DESIRABLE

SCORES

QUALITIES

Feasibility

Evaluation
Core Score

Assessment

®
b
=]
o
(7]
L
=
©
=
7]
@
(=]

Score Total

Notes to
Assessment

CDER, 2005“ - GLOBAL
ASSESSMENT

BERGMAN ET AL 2009

Global Assessment: The
Investigators Global Assessment
Scale (IGA) is a 5-point severity
scale with descriptive text.
Validation of Tool**: IGA by remote
assessment

COOK ET AL 1979*

Global Assessment: Photographic
Standard 8-point scale supported by
text description and 5 black and
white photographs. Remote
assessment

LEYDEN ET AL 2005

Global Assessment: A revised
version of scale presented by Allen
and Smith™

SAMUELSON 1985*

Global Assessment: 9-point grading
supported by text description.
Assessment in situ

DE ALMEIDA ET AL
2013%

Self-report: Level of severity light
(=10), moderate (11-30), and severe
(31+ lesions) compared to counting
by four dermatologists

HAYASHI ET AL 2008*

Global Assessment: 4-point
photographic scale; remote
assessment

PASCOE ET AL 2015%

Global Assessment: Physician Global
Assessment (PGA) 5-point scale
(0-4) where 0 is clear and 4 is
severe

(0)

Continued on the next page

@ {'Ii.iifﬂ_l hirl‘l"‘"il— [July 2016  Volume 9 o Number 7]

L




TABLE 2 cont. Quality assessment of acne measurement methods

CORE DESIRABLE

QUALITIES QUALITIES SCORES

Notes to

Citation Assessment Method Assessment

Validity
Sensitivity
Population
Feasibility
Evaluation
Core Score

Desirable Score
Score Total

-
=
@
=
a
173
@
7
71

<<

Lesion Counting/Grading: Assessment
made by defining the type of lesion
and multiplying the number of those
lesions by the severity index factor

LIDEN ET AL 1980%

Global Assessment: The Burton Scale
BURTON ET AL 1971 is a 6-point scale based on overall 0] 1 0] 011 o0 0] 1 1 2 (s)
impression of acne

Counting: Each type of lesion has a
factor of between 0.54.0; lesions
counted and then multiplied by the oo O0OfO0O)1TO0O])] O] 1 01 2] 2| (v)(w)(x)
factor. Improvement is graded on a 5-
point scale

MICHAELSSON ET AL
1977°%

Global Assessment: Simple 3-grade
BEYLOT ET AL 2010% acne classification (mild, moderate 0] 1 ofofofofofoO|1foO]1 (p)
and severe). Remote assessment

Counting: 5¢m ring placed on the
CHRISTIANSEN ET AL most severely affected area; papules,
1976~ pustules and comedones within the
ring are counted

Global Assessment: 9-point scale
supported by text description and OO0 O0OLTO]JO]LO]OL O[O O] O (v)(w(x
photograph (images not published)

BLANEY AND COOK
1976>

Global Assessment: Global acne
grading system (GAGS) 5-point scale
DOSHI ET AL 1997% based on most prominent lesion in ojofojofojofojojojof|o (V) (w)
any of 6 regions, multiplied by a factor
of 1, 2, or 3 to achieve a global score

Counting: Recording type and number
of lesions and categorized according
PLEWIG ET AL 1975% to whether they are comedonal or 0101 0] 0]10] 0] 0] 0] 0] 0] 0] (u(v)w
papulopustular. Grade based on type
and number of lesion

Continued on the next page
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TABLE 2 cont. Quality assessment of acne measurement methods

CORE DESIRABLE

QUALITIES QUALITIES SCORES

Notes to
Assessment

Global Assessment: Simple mild,
POCHI ET AL 1991 moderate, or severe scale for (u) (v) (w)
inflammatory lesions

The original publication did not provide any description of statistical testing for validation purposes; scores for this instrument are derived
from subsequent assessment
Inter-rater reliability 1CC=0.72 (95% Cl, 0.62-0.80); *Authors provide statistical evidence of intrarater reliability as Cronbach o = 0.82;
however, we have concerns about the methodology associated with achieving the scores and so we have awarded this criteria 0; Validity
(compared to counting) at baseline for facial acne vulgaris: noninflammatory lesions (p<0.050) and inflammatory lesions (p<0.012); and
at follow-up: inflammatory lesions (p<0.000) and noninflammatory (p = 0.070)
Inter-rater correlation coefficient for inflammatory lesion counts compared to 3 physicians reported 0.711, 0.828, and 0.877, respectively.
Noninflammatory lesion count inter-rater correlation coefficient reported as 0.92
Inter-rater reliability ICC (photographic evaluation) = 0.8057 (95% Cl: 0.75100.8494; p<0.0001); inter-rater agreement (in situ evaluation)
R = 0.8385.%; Intrarater reliability ICC = 0.7982 (95%Cl: 0.7559 to 0.8339; p <0.0001)*
Inter-rater reliability (face) non-inflamed r = 0.83 (<0.002) inflamed r = 0.86 (<0.001); Intrarater reliability (face) non-inflamed r = 0.87
(<0.002) inflamed r = 0.92 (<0.001)
Inter-rater reliability (face) r = ICC 0.89; Intrarater reliability (face) r=1CC 0.92
Inter-rater reliability K = 0.879 - 1.0; Intrarater reliability K = 0.381 (or K=0.74 for “close agreement”)
Concurrent validity: Current scale and Leeds Revised Grading including photography: Spearman’s correlation = 0.823; p<0.001;
Responsiveness to change; face 0.762 (p<0.001)
Inter-rater reliability assessed as Kendall’s W = 0.773, p<0.001; Concurrent validity: Current scale and LRAG including photography:
Spearman’s correlation = 0.889 (CI 95%; 0.8740.902; p=<0.001); Sensitivity to change assessed, but not significant: effect size 0.12 (95%
C1 0.025 - 0.26) Cohen’s d = 0.19 p = 0.102; 95.6% of dermatologists found the instrument easy to use in clinical practice
Inter-rater reliability (total lesion count) ICC = 0.61 (95% CI); Intrarater reliability range ICC = 0.82 to 0.97 (95% Cl); Feasibility is
described as ‘a function of the experience of the rater’; comfort with the instrument not a predictor of individual reliability
Inter-rater correlation coefficients (Weeks 3 and 12) .785 and .891, respectively (p=<0.01); clinically significant change for in situ
assessment = 1.5

) Draft guidance for industry

m) Inter-rater reliability K = 0.606 — 0.926; Intrarater reliability K = 0.3119 (or K=0.96 for “close agreement”)
Total agreement in 45.1% (n=176) cases; 2/3 agreement in 23.6% (n=92) cases; 1/3 agreement in 14.9% (n=58) and no agreement in
16.4% (n=64) (Hayashi); Validity compared to counting lesions ICC: comedones 0.011 (Cl 95% 0.007-0.015 p <0.0001); papules + pus-
tules 0.034 (Cl 95% 0.030-0.038, p <0.0001); nodules + cysts 0.110 (Cl 95% 0.082 — 0.138, p <0.0001)
Inter-rater agreement K=0.68 (0.61-0.90)
Inter-rater reliability kappa = 0.2 (“minimal” acne) to 0.6 (“severe” acne)
Intrarater reliability equal assessment reviewer A: 20/37 (0.54 95% Cl 0.38-0.70) and reviewer B: 25/37 (0.68 95% Cl 0.53-0.83)
Frequency of agreement (within one grade) between investigator and participant = 88%; agreement between independent reviewers =
74%
Total agreement described as a percentage: 77.2% (n=1204); one grade difference for 22.5% (n=351) and 0.3% (n=5) rejected as more
than 1 degree of difference
Dermatologist reported acne present in 85.76% of the population; self-report was 76.12%; sensitivity self-report = 80.95%; specificity
self-report = 52.88%; tests of significance not reported
Published in text book or conference paper
No testing described
No description provided of how the instrument was developed
Developed de novo in clinical or community based trial (with slight or no description of testing of instrument)
Inter-rater reliability r= 0.648-0.836 with the majority reported as r =0.61; tests of significance not reported. Intra-rater reliability tested,
but not reported

Citation Assessment Method

Validity
Intra-rater
Sensitivity
Population
Feasibility

Assessment
Evaluation
Core Score

Desirable Score

Score Total
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only one out of a possible five ##878842475052 Six methods
(25%) generated the majority of the overall score in this
category, which may exaggerate the benefit of the method
within the research or evaluation setting; results should be
read in conjunction with scores from the core qualities
SeCtion.26.29<36,37,42,47

Population representativeness. Seven assessment
methods (30%) did not describe their test
population,=#3789464955  gand  two gave very limited
descriptions.** No scale scored a maximum of two points in
this category as test populations were mainly convenience
samples drawn from dermatology settings. Where scales
provided visual representation of a category, the images
were homogenous in terms of cultural representation and
age, making it difficult to determine whether the images
would be suitable in a different study population or
environment.

Ease of use/feasibility. Puig et al** provided evidence
that raters found the scale easy to use; Lucky et al* asked
raters to describe their comfort using the technique and
found that 25 percent (n=3) were not comfortable, eight
percent (n=1) were fairly comfortable, 42 percent (n=5)
were comfortable, and 25 percent (n=3) were very
comfortable; however, levels of comfort were not a
predictor of reliability among this group; and reliability
scores varied widely among those who had similar years of
experience in rating acne. Guerra-Tapia et al* reported that
the LRAG was easy to use for 89.5 percent of
dermatologists, but the authors did not report the number
of dermatologists in the study.

Independent third-party assessment and verification.
There were nine reports of third-party assessment. Dréno
et al® described a process where seven investigators
assessed 22 participants % situ, and then 34 images were
assessed by the same observers (Inter-rater ICC 0.8057,
95% CI: 0.7510-0.8494; p<0.0001; Intra-rater ICC 0.7982,
95% CI. 0.7659-0.8339; p<0.0001); 2n situ assessment
occurred following assessment of photographic images, and
it is not clear whether the images were of the same people
assessed by the observers. Cook et al*® clinically assessed
participants at baseline and subsequent visits. Slides were
taken and projected for assessment by panelists who were
asked to determine whether there had been any clinical
change (improvement or worsening) and whether they
thought this was clinically significant, but no outcomes or
grading were reported. In Samuelson’s* study, participants
reported the use of 4 situ clinical assessment and
photography, of which images were projected onto a wall
for independent assessment. Overall, the reviewers scored
the images 1 to 2 grades lower than 7n situ assessment. The
feasibility study by Guerra-Tapia et al® reported
“statistically significant” findings for independent
assessment of images despite not reporting any p values,
and presenting an ICC value(0.72), which was lower than
the authors own suggested acceptable limit (ICC 0.80), as
well as being in the moderate range according to Streiner et
al.® Blaney and Cook™ used images to provide a comparison
between the first and last treatment within a clinical trial

where authors described the results of the trial, but did not
report any analysis of psychometric or suitability testing.
Three dermatologists assessed 244 images in the study by
Hayashi et al,* which describes how a grading scale was
established, but does not show results of psychometric
testing of the grading system, while the study by Beylot et
al® was based on remote assessment, where eight experts
assessed 10 images and categorized them as either mild,
moderate, or severe with agreement ranging from k 0.232 to
0.615.

Finally, a study by Bergman et al* assessed the feasibility
of four published methods for independent, remote
assessment of acne including the Leeds technique,™ the IGA
scale, and two methods of assessing inflammatory lesion
counts (ILC, total ILC [TILC], and frontal ILC [FILC]), for
use in the remote assessment of acne. K scores were
reported for intra-rater and inter-rater reliability. Intra-
rater reliability results were strong for all methods (Rater A
TILC k 0.9891; FILC 0.9897; Leeds 1.0; IGA A 0.926; Rater
B TILC 0.9077; FILC 0.9325; Leeds 0.879; IGA 0.606);
however, inter-rater reliability was much weaker for the
grading methods, compared to the counting methods (TILC
0.8706; FILC 0.8449; Leeds 0.381; IGA 0.3119).

Non-expert evaluation. No scales provided evidence of
non-expert assessment; while Michaélsson et al did
describe the assessment of clinical images by “laymen”,
they did not report any findings.*

DISCUSSION

This review identified 24 measures of acne severity.
Critical appraisal of these tools highlighted the generally
poor quality of most published measures of acne severity in
terms of validity and reliability and suitability for use in a
clinical or community trial setting. This is consistent with
the findings of earlier reviews.'**

In the current review, the global grading scales scored
better than counting scales in the subcategory ease of use;
however, given the overall poor performance of most of the
scales, there was little evidence of any one approach being
superior to another in either of the psychometric or
suitability categories.

The LRAG" achieved a total quality rating of six out of a
possible 13, but there are a number of concerns regarding
the methodology and the reporting of the Validacion
Escalas de Gravedad de Acné (VEGA) study,” which was
the source of all scores for this update to the Leeds global
assessment method. These results should be interpreted
with caution. To elaborate, there is no description of how
the scale was administered in the Spanish dermatology
setting (i.e., any changes to the original scale or instructions
for the participant dermatologists). The authors did not
state how many dermatologists were involved in this study,
or whether they had completed training in the method. In
this study, the lesions were counted and graded at baseline
and follow-up, in both cases the counting occurred prior to
global assessment at the same appointment; it is not clear
who conducted the counting of the lesions or which method
they adopted. The method for assessing intra-observer
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reliability is questionable, and the reported results for inter-
rater reliability are described as significant (ICC=0.72)
despite the authors themselves defining an acceptable
outcome level of ICC 0.80. Finally, the presentation of the
results is confusing and difficult to interpret.

The Leeds technique counting method* is widely used in
clinical trials and most often used for validation purposes,
despite not being formally validated against a gold standard
measure itself. Both inter-rater (non-inflamed lesions 0.87
[0<0.002]; inflamed lesions 0.92 [p<0.001]), and intra-rater
(non-inflamed lesions 0.83 [p<0.002]; inflamed lesions 0.86
[0p<0.001]) reliability estimates are good. This tool, like
other counting methods, requires expert dermatological
training or extensive training in the counting method. To
achieve the reliability outcomes reported above, the
authors, both experienced clinical and academic
dermatologists, completed the validation process following
18 months of training to achieve a correlation of >0.80 on
two consecutive days.* By contrast, Lucky et al* found this
method of counting demonstrated only moderate between
rater reliability (ICC 0.61) in the raters, who were
dermatology physicians and nurses.

Psychometric testing by Bergman et al* of the grading
method by Burke and Cunliffe demonstrated poor inter-rater
reliability outcomes (k=0.381), but stronger intra-rater
results (k=0.879-1.0) for remote digital assessment of
inflamed lesions among women with mild-to-moderate acne.

Poor image quality means that some earlier scales are
now obsolete. For example, the image quality of the
published Leeds technique,” the LRAG scale,* and
Samuelson’s photographic method* makes the scales
difficult to read; this is in contrast to more recent scales,
including those by Hayashi et al* and Dréno et al,® which
utilize modern photographic technology to produce digital
images with a higher resolution.

The use of digital photography for acne assessment
offers two important benefits. First, it provides a platform
for independent third-party assessment, and second, it
delivers a record for verification purposes. While there is
some evidence of third-party testing, only one study
reported an analysis directly comparing two approaches
(i.e., mn situ and remote assessment) in one population.*
Although the findings revealed a difference in reported
outcomes between the two approaches of 1 to 2 grades, it is
possible that these differences may have been influenced by
the quality and/or administration of the color images.

The authors did not include efficiency in terms of time
and cost as part of this critique. Studies have identified time
spent in consultation with a medical professional as being a
positive aspect of care, but it is important to distinguish
between doctor/patient communication and the nonverbal
act of acne assessment. One study found that seven percent
of clients who were satisfied with aspects of medical care
(i.e., communication, shared decision making, and
instruction) were not satisfied with the time spent in the
dermatology examination room.*® Time and cost associated
with the administration of a particular test is relative to the
budget and setting of evaluation research and clinical trials.

Typically, a method that requires categorization of acne
based on a global assessment scale should take less time
than counting, and therefore, cost less to administer. In
selecting a suitable acne severity instrument, the
researcher might consider efficiency in the context of their
budget and proposed delivery method.

In the absence of any gold standard acne assessment
scale, clinicians, researchers, and others may resort to
highly simplified methods. For example, it is not uncommon
to find acne classified as mild, moderate, or severe in acne
treatment guidelines,”® or in the reporting of treatment
outcomes by manufacturers of acne treatments.” Results of
inter-rater reliability for this simplified method are reported
as weak to moderate.”

The multimodal imaging system shows great potential
for providing robust clinical outcomes though the fixed
nature of the equipment means that it may not be suitable
for all research conducted in the community. Further
evaluation by independent and impartial researchers may
provide necessary support to the current findings.

The authors noted other areas of concern with the
research describing the acne severity scales, including
potential problems surrounding sampling, the quality of the
statistical analysis, and reporting of findings.

Their review of the literature revealed issues with the
selection of analytical tests. For example, there was some
incorrect use of tests for measuring types of data, such as
Pearson’s coefficient for discrete data; analysis of internal
consistency for scales -categorizing attributes®; or
incorrectly reporting sensitivity to change with tests of
effect size. Second, reporting bias was evident in some
articles. Authors make inferences about data without
reporting findings, or report confidence intervals without p
values. In many articles, ICC are used without specifying the
type (i.e., ICC 1, 2; or 3), each having distinct implications
on findings.

The authors also note that many studies have used
convenience samples (e.g., clinic samples), which can limit
the generalizability of the findings or the transferability of
the scale to another research or clinical setting.” It is
necessary therefore, that a rich description of the study
population and detail of the necessary skill set of the raters
is required.

There are some limitations to this review. The authors
were unable to access original sources of some very early
scales described in the literature, and as such, were not able
to include these measures in this review.*® The data
extraction was primarily conducted by TA, but with input
from ML, GF, and LS wherever there was some lack of
clarity in possible interpretation.

While they are aware of the increasing use of
fluorescence or polarized photography, these were not
included in the review as they are methods for capturing
data rather than an original scale for assessing outcomes.

There are several strengths of this review. To the authors’
knowledge, this is the first formal quality assessment of acne
severity scales that draws on data from validation studies as
well as that provided by the original authors. It is also the
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first to consider specifically, applicability to the clinical trial
setting, by including categories such as independent
assessment and suitability for non-expert raters. It is also the
first review to provide an overall quality score based on the
application of objective criteria.

CONCLUSION

There is still much to be learned about acne. For
instance, there is no clear definition of acne severity that is
likely to contribute to the vast array of poorly validated acne
severity scales and the inconsistencies among reported
outcomes. Further, there is a weak understanding of the
natural history of acne as well as patterns of natural
symptom resolution.””® These knowledge gaps add to the
complexity of acne assessment.

The future development of acne scales for research
purposes should be mindful of the range of academic
disciplines with interests in studying this field. A tool that
can be utilized by experts and non-experts alike will be
more useful for assessment, interpretation of results, and
pooling of data for systematic reviews and meta-analyses.
Given the extremely high prevalence and burden of acne, an
assessment tool suitable for use in community-based and
clinical trial settings should be a priority.

The absence of an internationally accepted measure of
acne severity impedes quality clinical research and the
adoption of best practice,'"****" with potential implications
for the person experiencing acne. This paper concludes as
others have, that a robust scoring system to assess acne
severity is required. What this study has contributed is the
ranking of existing scales according to objective quality
criteria, highlighting in the process shortcomings in
methodology and reporting underpinning most published
scales. Future development of acne scales, or further
investigations of currently available scales, is needed to
rectify these issues and in order to move closer to
development of a valid and reliable “gold standard”
instrument.
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