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Abstract

Background
Many study groups have developed scores to re�ect disease activity. The result of this fragmented process is a
multitude of disease activity scores, even for a single disease.

Design:
To identify and standardize disease activity scores in rheumatology, we conducted a literature review on disease
activity criteria using both a manual approach and in-house computer software (BIBOT) that applies natural
language processing to automatically identify and interpret important words in abstracts published in English
between 1.1.1975 and 31.12.2018. We selected activity scores with cut-off values divided into four classes
(remission and low, moderate and high disease activity). We used a linear interpolation to map disease activity
scores to our new score, the AS135, and developed a smartphone application to perform the conversion.

Results
A total of 108 activity criteria from various �elds were identi�ed, but it was in rheumatology that we found the most
pronounced separation into four classes. We built the AS135 score modi�cation for each selected score using a
linear interpolation of the existing criteria. The score modi�cation was de�ned on the interval [0,10], and values of 1,
3 and 5 were used as thresholds. These arbitrary thresholds were then associated with the thresholds of the existing
criteria, and an interpolation was calculated, allowing conversion of the existing criteria into the AS135 criterion.
Finally, we created a mobile application.

Conclusion
We developed an application for clinicians that enables the use of a single disease activity score for different
in�ammatory rheumatic diseases using an intuitive scale.

Key Messages
What is already known about this subject?

Scores re�ecting disease activity are speci�c for a single disease. The result of this fragmented process is a
multitude of disease activity scores, even for a single disease. 

What does this study add?

We have created a mobile application that allows any user to simply obtain the level of disease activity, regardless of
the criterion used to describe it, since the application returns both the activity criterion value calculated from the
physician’s data and the transformed AS135 criterion value, as well as its interpretation in terms of the level of
disease activity. How might this impact on clinical practice?
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This AS135 score is a very effective way to obtain the level of disease activity, regardless of the disease or the
criterion used

It also allow to compare pathological activities measured via different parameters and represents a �rst step
towards standardization of the numerous activity scores used today. 

Introduction
Many clinical study groups have developed scores re�ecting disease activity (1), but most of scores are speci�c for a
single disease and do not meet the criteria of other diseases. In addition, several groups have used different
approaches to evaluate the activity of the same disease. The result of this fragmented process is a multitude of
disease activity scores, even for a single disease (2).

Most activity scores use a combination of patient-reported outcomes (visual analogue scales), medical examination
(for example, the swollen joint count), and markers of laboratory in�ammation (erythrocyte sedimentation rate (ESR)
or C-reactive protein (CRP)) (3). For example, in rheumatoid arthritis (RA), ankylosing spondylitis (AS) and
polymyalgia rheumatica (PMR), the most commonly used activity scores for assessing disease activity are Disease
Activity Score (DAS) 28, Ankylosing Spondylitis Disease Activity Score (ASDAS) (4) and Polymyalgia Rheumatica
Activity Score (PMR-AS) (5-6), respectively, but many other criteria, such as DAS44, Simpli�ed Disease Activity Index
(SDAI) and Clinical Disease Activity Index (CDAI) in RA (7) and Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) in AS (8), have been developed. The differences between scoring systems are attributable both to the
development of these different scores by several groups working independently and differences between the
corresponding rheumatic diseases. Name similarities (e.g., consistent use of activity index/score) and structure
(algebraic sum or equation generated by logistic regression) indicate collaborations with experts that have
contributed to developing scores for other diseases and a desire to use previously validated scoring systems as
models (9).

For rheumatologists monitoring patients with various diseases and managing multiple scores using different
maximum values (9 for RA-DAS, 6.4 for AS-DAS and 60 for PMR-AS) and value thresholds to characterize different
activity levels (remission and low, moderate and high activity), disease activity evaluation can be a tedious task.

We recently suggested a standardization for the cut-offs (10). Our initial standardized system produces a similarly
wide range of values and facilitates the task of interpreting activity scores for various diseases. However, the
formulae used in this article were not perfect as they are limited to a linear transformation on the de�nition domain
of a pre-existing activity score. Furthermore, without a cell phone application, its possibility of use by clinicians was
low. The same problem could arise in �elds other than rheumatology.

Therefore, our goal was to create a universal activity score available on a mobile app to facilitate daily routine
practice for specialists and even more so for non-specialists for whom it is di�cult to memorize disease activity
score names, items, and cut-offs and their signi�cance.

Materials And Methods
Organization of the study

First, we conducted a review of the scienti�c literature on the activity criteria used to characterize in�ammatory
diseases. Then, we de�ned the AS135 score, a universal activity score based on linear interpolation converting any
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of the previously selected activity scores into AS-135. Finally, we developed a mobile application to calculate and
convert the activity score of a certain disease into the AS135 score.

Literature review

Our review of the literature aimed to retrieve all activity scores used to characterize the level of activity in
in�ammatory diseases.

English publications published between 1.1.1975 and 31.12.2018 were selected using the following key words:
“Disease activity score”, “activity criteria” and “in�ammatory rheumatic diseases”. We extracted all disease activity
scores from these publications and de�ned the threshold values for states of remission and low, moderate and high
activity.

We had the opportunity to develop the software BIBOT (11), which assists in manual review, even in numerous or
heterogeneous contexts, suggesting its place for review in this context. Written in Python 2.7 language, BIBOT was
built using the Bio.Entrez and Natural Language Toolkit (NLTK) packages and uses natural language processing (a
deep machine learning arti�cial intelligence technique) to understand texts written in English. BIBOT interacts with
the MEDLINE database through the application programming interface E-utility, made available by the National
Center for Biotechnology Information in 2008, and automatically identi�es and interprets important words in large
numbers of abstracts. Therefore, each sentence is automatically segmented into linguistic units, and the main topics
identi�ed are compared to two lists of keywords: a validation list containing relevant terms and an exclusion list of
terms re�ecting speci�c exclusion criteria. The BIBOT program has been upgraded since its last utilization (12) and
is now able to classify articles in order of interest. Instead of being simply selected or rejected, the articles are
divided into four different categories: Platinum, Gold, Silver and Bronze. The Platinum score corresponds to articles
for which all the key words extracted from the query were directly found, the Gold score corresponds to articles that
indirectly satisfy (via the use of MeSH) all the key words removed from the query, the Silver score corresponds to
articles for which at least one of the keywords of the query was found, and �nally, the Bronze score corresponds to
articles proposed by PubMed but for which none of the keywords were found. An additional text analysis was
performed using BIBOT to extract the use of different activity scores within the literature by scanning the abstracts
and titles of the selected publications.

Finally, a clinician (BC) performed a review of all detected articles and summarized all developed activity criteria and
their thresholds.

AS135 score de�nition

Our goal was to build a universal activity score obtained by linear interpolation of existing scores, leading to
threshold values for low, moderate and high activity states set at 1, 3 and 5, respectively. The use of these arbitrary
thresholds associated with the thresholds of the existing scoring systems lead to similar activity scores.

Mobile application

Finally, we developed an Android application to calculate these AS135 scores. The application can be used to
compute a typical activity score and obtain both the initial activity score and the corresponding AS135 score or to
directly convert existing activity scores to a AS135 score (�gure 1). This Android application is available via Google
Play under the name AS135 or using the QR code shown in �gure 2.



Page 5/15

Results
Literature review

A total of 16026 articles were analysed by BIBOT, 948 were excluded on the basis of the language in which they were
written, and 2221 were excluded on the basis of their publication date. Among the remaining articles, 2241 were
selected based on their titles, abstracts and keywords (annex 1). These articles were then ranked in order of
relevance by the program BIBOT. We automatically extracted 10 activity scores from references that met our
inclusion criteria: DAS28 (ESR), DAS28 (CRP), CDAI, SDAI, ASDAS (ESR), ASDAS (CRP), the EULAR Sjögren's
syndrome (SS) Disease Activity Index (ESSDAI), the Systemic Lupus Erythematosus Disease Activity Index (SLEDAI-
2K), Disease Activity in PSoriatic Arthritis (DAPSA), PMR-AS (ESR) and PMR-AS (CRP) (table 1). These activity scores
cover 7 different pathologies in the �eld of rheumatology: RA, AS, Sjögren's syndrome (SjS), systemic lupus
erythematosus (SLE), psoriatic arthritis (PsA) and PMR. Only a few scores in medical �elds outside rheumatology
may be adaptable for the AS135 scoring system (table 2).

DAS28 was mentioned in 1227 abstracts, SDAI was mentioned in 196 abstracts, and ASDAS-CRP was mentioned in
13 abstracts (Annex 2). Therefore, DAS 28 was the most frequently used activity criterion in RA, but two variants,
DAS28-CRP (350 abstracts) and DAS28-ESR (269 abstracts), were also used. We compared their use in the literature
from 2004 to 2018 to determine whether one of them became predominant in the literature. Although a tendency for
the use of DAS28-CRP in 2013 and 2014 was observed, DAS28-CRP and DAS28-ESR were indiscriminately used over
time, justifying that we include both in the AS135.

AS135 score equation

The AS135 score is de�ned as a universal activity score obtained by the linear interpolation of existing scores.
Threshold values for low, moderate and high activity states were set at 1, 3 and 5, respectively, to re�ect the range
typically used for each activity state in existing activity scores: these scores generally separate into four groups such
that remission exhibits the smallest interval, low and moderate activity exhibit quite similar intervals (for example,
lower than 1.5 for PMR-AS), and high activity exhibits the greatest interval (for example, 17 to 50 for PMR-AS). These
arbitrary thresholds are then associated with the thresholds for the existing scoring system, and an interpolation can
be calculated. In this way, it is possible to compare the activity scores de�ned on different domains from different
parameters by converting these scores into AS135 scores, which are de�ned on an intuitive scale: [0,10] (equation 1,
table 3), where x is the value of the original score to be converted, while a and b are the nearest thresholds of x such
that  and .

Example of application of the AS135 in Rheumatoid Arthritis

To illustrate application of the AS135 score, consider the following hypothetical situation: two patients have RA, and
their disease activities were calculated based on different information. The �rst patient, p1, has a DAS28 score of
6.7, while the second, p2 has an SDAI score of 25. Comparing the pathological activities in p1 and p2 does not seem
to be a very intuitive task based on this information alone. The conversion of these scores to AS135 proceeds as
follows: the equation of the conversion is set for patient p1 (equation 2, table 2), with the thresholds a = 5.2 and b =
9.1 de�ned for the DAS28 score, corresponding to the high activity threshold and maximum value adopted by the
DAS28 score, respectively, and because by de�nition AS135(thresholdhigh) = 5 and AS135(thresholdmax) = 10,
equation 2 can be expanded, and the value AS135(p1) can be calculated (equation 3, table 2). The same reasoning is
used with patient p2 by adopting the values a = 11 and b = 26, corresponding to the thresholds of moderate and high



Page 6/15

activity by the SDAI score. Because by de�nition AS135(thresholdmoderate) = 3 and AS135(thresholdhigh) = 5, the
equation for patient p2 can be written as equation 4 (table 2). Thus, we �nally obtain the score AS135(p1) = 6.92 and
score AS135(p2) = 4.8 de�ned on the same interval [0, 10]. Patient p1 is thus described as having high disease
activity (since AS135(p1) > 5), and patient p2 is characterized by moderate activity (since 3 < AS135(p2)) < 5).

Example of association between AS135 and PMR-AS in polymyalgia rheumatica

Figure 3 shows in the Tenor study, which evaluated patients with polymyalgia rheumatica at different visits (9), the
link between AS135 and PMR-AS. All patients are, as expected, classi�ed similarly by the AS135 and the PMR-AS. 

Discussion
We developed a mobile application that allows us to obtain disease activity, regardless of the criterion used by
transformation of any value into the AS135 criterion. This is a �rst step towards the standardization of activity
scores used in rheumatic diseases.

A literature review focused on �nding disease activity scores in in�ammatory rheumatism because many activity
scores are used to describe them (13). Some of these scores are the subject of a perfect consensus on the de�nition
of the threshold values for the activity levels of disease. This is essential for the process of conversion into an
AS135 score and is not frequently possible in other medical �elds. Furthermore, this allows us to de�ne 4 separate
levels of disease activity based on score: remission and low, moderate and high activity. The mathematical model
used for the conversion is based on values corresponding to the activity thresholds for the selected scores. These
thresholds are identi�ed and therefore predetermined, the conversion does not involve any complex calculation and
can be run very easily on any computer or mobile device. Thus, we �rst prioritized the three most commonly used
scores in RA.

The application that we have developed makes it possible to convert any of the 10 activity scores selected with the
literature review into a universal AS135 score. Because this conversion was built around a linear interpolation, it is
possible to consider this transformation as a bijection and to therefore use the AS135 score as an intermediary
between two scores to project the value of the �rst on the de�nition range of the second. In practice, we limit
ourselves to the conversion of the scores into an AS135 value to take advantage of the intuitive de�nition �eld of
this universal score. This application will provide clinicians with a quick tool to convert the main scores used in
rheumatology to the AS135 score and thus allow clinicians to access the level of disease activity, even without
knowledge of the thresholds used for a speci�c score.

Our use of BIBOT, which is not a classic systematic method to review the literature, for the literature review is a
potential limitation, but we previously demonstrated that this software is at least as e�cient as a manual systematic
literature review and that the combination of BIBOT and manual review is the best way to conduct a literature review
(12). Another limitation of the study is the use of a linear model to approximate the distribution of each score, but
selected scores have been constructed to be interpreted as a linear scale, which makes the approximation performed
by AS135 very acceptable

We noticed that communication between rheumatologists and primary care physicians can sometimes be altered by
scores that are too speci�c, especially because of thresholds that differ from one score to another. Although it may
be frustrating for rheumatologists to turn from their currently employed daily scores, the AS135 is an adequate tool
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that establishes a common language for all practitioners with universal and easily remembered limits. The same
reasoning will allow more �uent communication between different specialists.

Furthermore, this unique score is appropriate for rheumatologists who currently use several common scores to
present a simpli�ed follow-up of disease activity. Furthermore, this scoring system would allow practitioners to
switch from one score to another according to the speci�c situation (e.g., DAS44 to DAS28, BASDAI to ASDAS), while
keeping the same quantitative base with immovable thresholds.

The same way of thinking, i.e., the projection on a universal activity score, seems to be applicable in some other
medical specialties that use well-de�ned scores. Fields such as dermatology (SCORAD in atopic dermatitis (19),
ABSIS and Pemphigus Disease Area Index (PDAI) for pemphigus (20,21), the Psoriasis Area and Severity Index
(PASI) for psoriasis (22)), gastroenterology (Crohn’s Disease Activity Index (CDAI)-Best, Harvey-Bradshaw and the
Perianal Crohn's Disease Activity Index (PCDAI) for Crohn’s disease (23–25) and the Ulcerative Colitis Disease
Activity Index (UC-DAI) for ulcerative colitis (26)) and psychiatry (Patient Health Questionnaire (PHQ-9) score to
estimate depression level (27)) could be interested in the use of a more accessible scoring system.

In conclusion, we have created a mobile application that allows any user to simply obtain the level of disease
activity, regardless of the criterion used to describe it, since the application returns both the activity criterion value
calculated from the physician’s data and the transformed AS135 criterion value, as well as its interpretation in terms
of the level of disease activity. This AS135 score is a very effective way to compare pathological activities measured
via different parameters and represents a �rst step towards standardization of the numerous activity scores used
today. The application we developed is now available for Android devices, and we plan to start developing a version
for iOS devices in the near future.
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Score Formulae Remission Low activity Moderate
activity

High
activity

Disease

DAS28-
ESR

<2.6 2.6≤ Score ≤3.2 3.2 <
Score ≤ 5.1

> 5.1 RA

DAS28-
CRP

<2.6 2.6≤ Score ≤3.2 3.2 <
Score ≤5.1

> 5.1 RA

SDAI ≤3.3 3.3 < Score ≤ 11 11 <
Score ≤ 26

 > 26 RA

CDAI  ≤2.8 2.8 < Score ≤ 10 10 < Score ≤
22

> 22 RA

DAPSA   ≤4 4<Score ≤ 14  14 < Score ≤
28

>28 PsA

ASDAS
CRP

 

≤1.3 1.3 <
Score ≤ 2.1

2.1 <
Score ≤ 3.5

> 3.5 SpA

ASDAS
ESR

≤1.3 1.3<Score ≤2.1 2.1<
Score ≤ 3.5

>3.5 SpA

SLEDAI-
2K

See article (17) 0  0< Score ≤5  6 ≤ Score ≤
10 $

> 10 SLE

ESSDAI See article (18) 0 0< Score < 5  5 ≤ Score ≤
13

> 13 SjS

PMR-AS
CRP

  ≤1.5 1.5< Score <7 7 ≤ Score ≤ 17 > 17 PMR

PMR-AS
ESR

≤1.5 1.5< Score <7 7 ≤ Score ≤ 17 >17 PMR

DAS 28: Disease Activity Score, SDAI: Simpli�ed Disease Activity Index, CDAI: Clinical Disease Activity
Index, DAPSA: Disease Activity in PSoriatic Arthritis, ASDAS: Activity Index Ankylosing Spondylitis Disease Activity
Score, SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index, ESSDAI: EULAR Sjögren's
Syndrome Disease Activity Index, Polymyalgia Rheumatica Activity Score (PMR-AS) 

TJ: tender joint count, SJ: swollen joint count, ESR: erythrocyte sedimentation rate, GHpatient: global assessment of
health by the patient, GHclinician: overall assessment of health by the clinician, CRP: C-reactive protein, BP: back pain,
MFD: duration of morning stiffness, PD: discomfort felt by the patient, PJP: peripheral pain, EUL: elevation ability of
the upper limbs,

RA: rheumatoid arthritis, PA: psoriatic arthritis, SpA: ankylosing spondylitis, SLE: systemic lupus erythematosus, SjS:
Sjögren's syndrome, PMR: polymyalgia rheumatica.
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Table 2: Disease activity scores in medical �elds outside rheumatology that may be adaptable for the AS135

Score Reference Remission Low
activity

Moderate activity High activity Disease/
 Medical �eld

SCORAD 19 - Score < 15 15 ≤ Score < 40 Score ≥ 40 Atopic dermatitis

Dermatology

ABSIS 20 - Score < 17 17 ≤ Score < 53 - Pemphigus

Dermatology

PDAI 21 - Score < 15 15 ≤ Score < 45 - Pemphigus

Dermatology

PASI 22 - Score ≤ 5 5 < Score ≤ 12 12 < Score ≤
20 (Very high
activity: Score
> 20)

 

Psoriasis

Dermatology

CDAI-Best 23 Score ≤
150

150 <
Score <
220

220 ≤ Score ≤ 450 Score > 450 Crohn’s disease

Gastroenterology

Harvey-
Bradshaw

24 Score < 4 - 4 ≤ Score ≤ 12 Score > 12 Crohn’s disease

Gastroenterology

PCDAI 25 - Score ≤ 10 10 < Score ≤ 19 Score ≥ 20 Crohn’s disease

Gastroenterology

UC-DAI 26 Score ≤ 2 2 <
Score ≤ 5

5 < Score ≤ 10 Score ≥ 11 Ulcerative Colitis

Gastroenterology

PHQ-9 27 Score ≤ 4 4 <
Score ≤ 9

9 < Score ≤ 14 14 <
Score ≤ 19
(Very high
activity: Score
≥ 20)

 

Depression

Psychiatry

 

Table 3: A set of equations to illustrate how the AS135 works: equation 1 is the general model behind AS135,
equations 2 to 4 are examples illustrating the conversion of a score from DAS28 to AS135 (equation 3) and from
SDAI to AS135 (equation 4).
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Figures
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Figure 1

Different screens of the AS135 application. The �rst line corresponds to the selection screens for the operation (a),
disease (b), and score to be processed (c). The second line shows the screen for converting an existing score to an
AS135 score (d), the screen for calculating a new score (e) and the screen that presents the results (f).
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Figure 2

QR code to obtain the AS135
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Figure 3

Association between AS135 and PMR-AS in polymyalgia rheumatica


