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ABSTRACT
Objective. Reviewing disease activity 
indices (DAI) in systemic sclerosis (SSc) 
and reporting their validation status. 
Methods. Literature was systemati-
cally reviewed on studies documenting 
the development of DAI, assessing the 
validation status of DAI and studies us-
ing a DAI in their analysis. The quali-
tative and quantitative validation status 
of existing DAI was assessed based on 
OMERACT and on definitions of the 
American College of Rheumatology 
(ACR) committee on quality measures. 
Results. Three DAI in SSc have been 
proposed in literature: the European 
Scleroderma Study Group (EScSG) ac-
tivity index, the 12-point DAI and the 
Combined Response Index for Systemic 
Sclerosis (CRISS). The EScSG activ-
ity index is yet applied as an outcome 
measure in 48 different studies. The 
EScSG activity index and the CRISS 
are provisional partially validated DAI.
Conclusion. Future studies are needed 
to fully validate the EScSG activity in-
dex and the CRISS and to assess the 
validation status of the 12-point DAI. 

Introduction
Systemic sclerosis (SSc) is an autoim-
mune connective tissue disease charac-
terised by skin thickening and internal 
organ involvement due to microvascu-
lar damage, proliferation of fibroblasts 
and production of excessive extracellu-
lar matrix and immunologic abnormal-
ities (1). The disease has a wide variety 
of clinical presentations and the course 
of the disease is unpredictable (2). 
The disease status at a given time can 
be assessed by measuring disease activ-
ity, damage and severity (2, 3). Disease 
activity is that aspect of the disease 
that varies over time and is potentially 
reversible either spontaneously or un-
der treatment (2-7). Whether outcome 
measures are valid to determine disease 

activity is based on meeting methodo-
logical characteristics, assembled in the 
Outcome Measures in Rheumatologic 
Clinical Trials filter (OMERACT filter), 
which comprises three main properties: 
truth, discrimination and feasibility (8). 
Definitions of OMERACT are present-
ed in Table I. 
Several organ-specific disease activity 
measures for SSc have been fully or 
partially validated (9-11). In contrast, 
no validated outcome measure exists 
that represents overall disease activity. 
By combining several validated organ-
specific outcomes, patient reported 
outcomes and/or physician reported 
outcomes in one DAI, overall disease 
activity can be represented by one 
score. The latter, may be a valuable and 
indispensible tool for researchers and 
clinicians to evaluate patients with SSc.
The efforts currently made to develop 
and validate DAI are systematically 
reviewed in this study. In a second ap-
proach, the validation status of each 
DAI was evaluated qualitatively as 
well as quantitatively.

Materials and methods
Search strategy
A search on PubMed, The Cochrane 
database and BioMed Central was 
performed from 1975 up to February 
2016 to identify articles on DAI in SSc 
and their validation status. The Medi-
cal subject heading (Mesh) term for 
‘systemic sclerosis’ was used in com-
bination with other groups of search 
terms. The first group of search terms 
consisted of synonyms related to DAI. 
The second group of search terms was 
composed of different validation crite-
ria (truth, discrimination, feasibility). 
Other languages than English, French 
or Dutch were excluded. All study de-
signs were included. More details on 
the search strategy can be found in 
Supplementary file 1.
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Search process
Two reviewers (KM, SD) screened the 
retrieved titles, abstracts and full texts 
using the following inclusion criteria: 
studies that document the development 
of DAI in SSc, studies that assess the 
validation status of such indices and 
studies that use a DAI upon their analy-
sis. Titles and abstracts selected by ei-
ther one of the reviewers were included 
for further screening. The final articles 
were withheld after reading and judge-
ment of the full text. When different 
opinions existed among the two re-
viewers on the full text, consensus was 
reached. Relevant references from re-
trieved articles were also included. 

Assessment of the validation status 
of present disease activity indices
Primarily, the qualitative validation sta-
tus of the present DAI was assessed ac-
cording to the OMERACT filter (8, 12). 
The filter consists of three main prop-
erties, which are subdivided in more 
specific methodological characteristics. 
We followed the definitions, given by 
the OMERACT committee members.

Truth
An index is considered truthful if it 
contains face validity, content validity 
and construct validity. Face validity is 
defined as the credibility value of the 
index. The degree to which the index 
seems to measure what it is intended 
to measure. The content validity is the 
feature of the index to cover all aspects 
of the construct to be measured. The in-

dex includes relevant items, which are 
selected appropriately and are repre-
sentative. The construct validity repre-
sents the biological sense of the index. 
This requires comparison to a golden 
standard. In the absence of a golden 
standard the correlation with the best 
available standard may be used, such 
as the physician’s judgment (2, 4).

Discrimination
An index is sensitive to change when it 
can discriminate between disease sta-
tus in one patient over different time 
periods (e.g. in clinical trials to moni-
tor treatment effect) or in a group of 
patients (e.g. to classify, to prognos-
ticate). An index is reliable when the 
index has high reproducibility and little 
variability between different investiga-
tors (interrater variability) and by one 
investigator (intrarater variability) (2, 
4, 12).

Feasibility
An index is considered feasible when it 
can be applied easily, including time, mon-
ey, accessibility and interpretability (12).
Based on the available literature (results 
from studies and/or expert consensus), 
the state of each index is evaluated. A 
criterion is judged validated if appropri-
ate information is available from stud-
ies. It is considered partially validated if 
disagreement exists among experts. Ex-
ception is face validity and feasibility, 
which are evaluated by the judgment of 
experts as appropriate measures rather 
then by specific studies.

Secondly, the quantitative validation 
status of the indices was reviewed. The 
American College of Rheumatology 
(ACR) defines indices without quan-
titative validation as being ‘prelimi-
nary’. Once it has undergone quantita-
tive validation in previously collected 
cohorts, it is called ‘provisional’. The 
last step before fully approval by the 
ACR is to validate the index prospec-
tively in a clinical trial setting (13). 

Results
Results of the search strategy 
Of the 543 articles screened as poten-
tially relevant, 57 of these met the in-
clusion criteria. Two articles were ad-
ditionally included after reference read-
ing. The flow of the literature search 
and selection process is shown in Fig-
ure 1. Excluded articles assessed dis-
ease activity based on other outcomes 
than disease activity indices (e.g. skin 
score, physician’s global assessment) 
or did not investigate DAI. More details 
on the search strategy can be found in 
Supplementary file 1.

Results of the search process
The 59 resulting articles were then des-
ignated according to the inclusion cri-
teria in three major groups: articles that 
document the development of DAI, ar-
ticles that comment or assess the vali-
dation status of such indices and arti-
cles that use a DAI upon their analysis. 
Eight studies documented the develop-
ment of a DAI in SSc. Four of them 
were about the European Scleroderma 

Table I. Outcome measures in rheumatologic clinical trials-filter (OMERACT filter) (1, 3, 11).

TruTh
Face validity The ‘credibility’ value of the index. The degree to which the index seems to measure what it intended it to measure or ‘makes sense’.

Content validity The index covers all aspects of the construct to be measured. It includes relevant items, which are selected appropriately and are 
representative.

Construct validity The index represents the ‘biological sense’, which requires comparison to a golden standard. In the absence of a golden standard the 
best available standard may be used, such as the physician’s judgment. 

 •    Convergent validity: the index should correlate with other constructs theoretically related to each other.
 •    Divergent validity*: the index should not correlate with dissimilar constructs. 

DiscriminaTion
Sensitivity to change The index can discriminate between disease status in one patient over different time periods (e.g. in clinical trials to monitor treatment 

effect) or in a group of patients (e.g. to classify, to prognosticate).

Reliability The index has high reproducibility and little variability between different investigators (interrater variability) and by one investigator 
(intrarater variability).

FeasibiliTy
 The index can be applied easily, including time, money, accessibility and interpretability.
 * This methodological characteristic is not included in the OMERACT filter, though mentioned to be comprehensible. 
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Study Group (EScSG) activity index 
(14-17). Another DAI was proposed by 
Minier et al. and is called the 12-point 
DAI (18). Three other articles con-
cerned the development of the Com-
bined Response Index for Systemic 
Sclerosis (CRISS) (19, 20, 21). 
Seven studies assessed the validity of 
these DAI and/or commented on them 
(2, 3, 6, 7, 18, 22, 23). 
There were 48 articles that applied a 
DAI in their study evaluation, and all of 
them applied the EScSG activity index 
as disease activity index. Two of these 
were clinical trials (24, 25), the remain-
ing articles were descriptive studies (3, 
7, 18, 26-68). The articles assessing an 
association between EScSG activity 
index and variable constructs are pre-
sented in the Supplementary file 2.
Below, each DAI is discussed by as-
sessing their qualitative validation ac-
cording to the OMERACT filter and 
their quantitative validation according 
to ACR definitions. An overview is 
presented in Table II. 

1. The European Scleroderma Study 
group (EScSG) activity index
The EScSG activity index was devel-
oped by Valentini et al. in 2001. The 
index contains 10 variables of which 
each variable has an assigned weight 
from 0.5 to 2, resulting in a total score 
ranging from 0 to 10 (14). The EScSG 
activity index includes patient-reported 
items (dealing with skin changes, vas-
cular changes and cardiopulmonary 
changes), organ specific outcomes (the 
modified Rodnan Skin score [mRSS], 
the presence of scleredema, digital ne-
crosis, arthritis, lung carbon monoxide 
diffusing capacity [DLCO] reduction) 
and laboratory measures (erythrocyte 
sedimentation rate [ESR] and hypoc-
omplementemia). The disease is con-
sidered active if the total score is ≥3.

1.1 Qualitative validation status 
Truth
Face validity
The developers stated that the 10 vari-
ables included in the EScSG activity 
index, are credible and relevant to dem-
onstrate overall disease activity in SSc 
(5, 22). An agreement by a group of ex-
perts is still required to define the appro-

priateness of the EScSG activity index 
to be used for the evaluation of overall 
disease activity in patients with SSc. 
In particular, there is some disagree-
ment among authors whether the vari-
able ‘hypocomplementemia’, reflects 
disease activity (23, 55). Therefore, we 
consider the face validity of the EScSG 
activity index as partially validated. 

Content validity
There is partial consensus concern-
ing the content validity of the EScSG 
activity index. The index was devel-
oped based on 88-outcome measures 
(and 11 change-factors) of 290 patients 

with SSc. Those outcomes that corre-
lated significantly with the physician’s 
global assessment score of disease ac-
tivity, were selected by using univariate 
analysis. Afterwards, indices combin-
ing different sets of outcome measures 
were developed, based on multiple lin-
ear regression analysis (14, 15, 17). Ac-
cording to Valentini et al. the final index 
sufficiently covers all items to be evalu-
ated when assessing activity, except for 
renal involvement (5). They admit they 
could not define any activity criterion 
of renal involvement, since none of the 
290 patients encountered a renal crisis 
(15). Others comment that pulmonary 

Fig. 1. Flowchart of search  strategy and results.
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and vascular components, as well as 
gastrointestinal involvement, are not 
adequately represented in the EScSG 
activity index (2, 6, 7, 18). One study 
attested this dissociation of the EScSG 
activity index with pulmonary compo-
nents (Forced Vital Capacity [FVC] and 
FVC/DLCO) by using categorical prin-
cipal component analysis (18). Another 
point of argue on the content validity is 
that the three patient-reported items of 
the EScSG activity index fail to capture 
persistent disease activity, negatively 
influencing content validity (2, 6, 7). 
With regard to these data, we conclude 
that the EScSG activity index partially 
meets content validity.

Construct validity
The construct validity of the EScSG ac-
tivity index was assessed and proven by 
correlation with the physician’s global 
assessment of activity in a study of 30 
patients with SSc (Spearman’s rank 
correlation, rs= 0.530-0.712; p<0.003) 
(16). Afterwards, this correlation was 
partially reproduced in a bigger cross-
sectional study of 520 patients with 
SSc, where a moderate but still sig-
nificant correlation was found (Pear-
son’s correlation, r=0.375; p<0.001) 
(3). Many other studies gave substance 
to the construct validity of the EScSG 
activity index by demonstrating corre-
lations with other variable constructs. 
These studies are presented together in 
the Supplementary file 2. 

Discrimination
As assessed by Valentini et al., the 
EScSG activity index can discriminate 

“inactive to moderately active” disease 
status from “active to very active” status 
(The Receiver Operating Curve [ROC] 
has an AUC=0.916 when the disease ac-
tivity score is 3.) (14). Its discriminatory 
value was endorsed in a cross-sectional 
study of the Canadian Scleroderma 
Research Group in which a significant 
difference was found in disease activ-
ity between limited cutaneous Systemic 
Sclerosis (lcSSc) and diffuse cutaneous 
Systemic Sclerosis (dcSSc), demon-
strating a significantly higher EScSG 
activity index in the latter (7). 
Sensitivity to change
The sensitivity to change of the EScSG 
activity index, putting in evidence the 
change in response to therapy, remains 
to be assessed (6, 7, 14, 18).

Reliability
No studies exist that assess the inter- 
and intra-rater variability of the EScSG 
activity index. A common remark is 
that the reproducibility of the EScSG 
activity index could be influenced by 
the patient-reported items (account-
able for three variables out of ten). The 
three questions, that define these three 
variables, have been commented as not 
being clearly described, being prone to 
patients recall bias and the presence of 
depression would influence the scoring 
(2, 3, 5, 7, 16, 22). However, patient-
recall questions have been previously 
accepted as reliable outcome measures 
in other rheumatic diseases, such as 
rheumatoid arthritis (16, 69, 70).
In addition, some authors state that the 
generalisability of the EScSG activ-
ity index is restricted, since only three 

experts determined the golden standard 
(the physician’s global assessment) (2, 
5). In the development of the EScSG 
activity index, three experts assigned 
for each patient a subjective disease 
activity score on a semi-quantitative 
scale from 0 (inactive) to 10 (active). 
For each patient a consensus score was 
then reached, the golden standard. This 
golden standard was then statistically 
correlated with clinical outcome meas-
ures to develop the DAI. The correlation 
between the EScSG activity index and 
the consensus score was calculated by 
Spearman’s rank correlation at 0.835, 
p=0.0001 (14).
All these facts considered, we conclude 
that the EScSG activity index is only 
partially validated concerning reliability.

Feasibility
The EScSG activity index is a feasible 
DAI. All authors, investigating the ESc-
SG activity index, agreed that the index 
is easy to use (2, 4-7, 18, 22). The 10 
variables, mainly based on clinical find-
ings, are easy to obtain (22). Moreover, 
the index is cost effective as it relies only 
on anamnesis, clinical examination, lab-
oratory results (ESR, complementemia) 
and lung function test (DLCO) (5). 
More complicated examinations that 
intend to measure the extent of organ 
involvement (echocardiography, high 
resolution computed tomography of the 
lung, gastrointestinal series) were not 
included. Valentini et al. recognised that 
this could decrease the content validity. 
Nevertheless, without these more inva-
sive measurements the index is more 
feasible (14).

1.2. Quantitative validation status 
The EScSG activity index is consid-
ered to be a provisional index, since it 
was not yet evaluated in a prospective 
clinical trial setting. Some clinical tri-
als used the EScSG activity index in 
their evaluation analysis, but they did 
not quantitatively evaluate it (24, 25). 
It can be called a ‘provisional’ index, 
instead of a ‘preliminary’ index since it 
has undergone quantitative validation in 
external patient cohorts (3, 7, 18). The 
latter, were studies that also contributed 
to the construct validity of the EScSG 
activity index. 

Table II. Disease activity indices according to the OMERACT filter and their quantitative 
validation status. 

  Truth               Discrimination Feasibility Status
 Face Content Construct Sensitivity   Reliability
    to Change   

EScSG* activity index  PV¥ PV¥ V· ND|| PV¥ V· Provisional

12-point DAI PV¥ V· ND|| ND|| ND|| V· Preliminary

CRISS V· V· PV¥ V PV¥ V· Provisional

¥PV: partially validated: a criterion was judged partially validated if disagreement exists among spe-
cialists. V: valid: a criterion was judged validated if appropriate information was available from stud-
ies. Exception is face validity and feasibility, which are evaluated by the judgment of experts as an ap-
propriate measure rather than by specific studies. ||ND: no data; EScSG: European Scleroderma Study 
Group; DAI: Disease Activity Index; CRISS: Combined Response Index for Systemic Sclerosis by the 
Scleroderma Clinical Trials Consortium. 
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2. 12-point activity index by 
Minier et al.
Minier et al. investigated the EScSG 
activity index in a longitudinal study on 
131 patients with SSc. They deduced 
that pulmonary and vascular organ 
involvement were insufficiently rep-
resented in the EScSG activity index 
and derived a new DAI, adding more 
outcome measures. Two new outcome 
measures of pulmonary involvement 
(change in DLCO [at one year follow-
up] and FVC/DLCO ratio), one more of 
vascular involvement (change in ulcer 
score [at one year follow-up]) and the 
following four other outcome meas-
ures were added: a patient-reported 17-
area thickness score; the HAQ-DI; the 
change in HAQ-DI at one year follow-
up and the change in mRSS at one year 
follow-up (18). 
Since no studies exist that assess the 
qualitative, nor the quantitative validation 
status of this index, the index is to be con-
sidered a preliminary index. Additionally, 
studies using the index in the evaluation 
of patients with SSc are lacking.

3. The Combined Response Index 
for Systemic Sclerosis (CRISS)
The Scleroderma Clinical Trials Con-
sortium (SCTC) recently has developed 
a response index to use in clinical trials 
with early-dcSSc patients (defined as a 
disease duration ≤5 years). The SCTC 
first developed a core set of 31 outcome 
measures by conducting a 3-round 
Delphi exercise (19, 71). This core set 
contained outcome measures of disease 
activity, as well as disease damage and 
severity. To assess the core set quanti-
tatively, a 1-year multicentre prospec-
tive observational study was set up in 
200 early-dcSSc patients, the so called 
CRISS cohort (19). A composite data- 
and consensus driven core set was then 
derived, which fulfils the OMERACT 
filter standards (19, 72). The result-
ing index is a 2-step process that first 
includes core items that attest change 
(the mRSS, FVC% predicted, patient 
and physician global assessment and 
HAQ-DI) and secondly captures clini-
cally meaningful worsening of internal 
organ involvement (new scleroderma 
renal crisis, decline in FVC% predicted 
or interstitial lung disease, new onset 

left ventricular failure or new onset of 
pulmonal arterial hypertension) (19).

3.1 Qualitative validation status
Since the CRISS was developed by a 
group of experts and in a second time 
approved by an independent group of 40 
experts to define response definitions of 
improvement versus non improvement, 
the index is believed to have good face 
and content validity. Data analysis ap-
proved the good sensitivity and specific-
ity of the index (construct validity) and 
attested the discriminatory value (19). 
Moreover, the ‘CRISS-cohort’, has been 
shown to be representative to other ear-
ly-dcSSc cohorts (73). Since the index 
was recently developed, studies assess-
ing the construct validity, by correlating 
the CRISS to other variable constructs 
are still missing. Thus, the construct va-
lidity is considered partially validated. 
The feasibility of the index was attested 
separately, by defining the index as being 
feasible when more than 50% of subjects 
of the ‘CRISS-cohort’ had completion of 
the core set at two time-points (19). 
The sensitivitiy to change was assessed 
in the ‘CRISS-cohort’ by comparing 
core items with patient and physician 
transition questions at the one year fol-
low-up. Only core items with a good ef-
fect size were included in the next stage 
of the index development (19). 
The reliability of the CRISS is consid-
ered partially validated, since only the 
items on itself, and not the index as a 
whole, were considered by experts to be 
reliable (19). 

3.2. Quantitative validation status
The CRISS is approved by ACR as be-
ing a provisional criteria set, since it 
was also tested in a prospective trial 
with completed data of 35 SSc patients 
(methotrexate vs. placebo) (19, 74).

Discussion
This study is a systematic literature re-
view on the development and the use 
of valid disease activity indices (DAI) 
in SSc. The OMERACT filter and the 
ACR definitions are used as a frame-
work to assess the qualitative and the 
quantitative validation status of DAI, 
respectively. 
No fully validated index for assessing 

overall disease activity in patients with 
SSc currently exists. However, such a 
measure is a valuable tool in clinical 
practice as well as in research to assess 
the disease status of patients with SSc. 
Three DAI have been proposed for SSc, 
which are preliminary or provisional. 
The EScSG activity index is the most 
thoroughly investigated index and has 
a strong evidence of validity. Accord-
ing to the OMERACT standards, con-
sensus still needs to be reached about 
the face validity and the content valid-
ity. Since there was no agreement on 
these criterions, they were considered 
as partially validated. A major lack in 
the qualitative validity assessment of 
the EScSG activity index is the ab-
sence of investigation on the sensitivity 
to change. Concerning the quantitative 
validation, the EScSG activity index is 
a provisional index, not yet validated in 
prospective clinical trials. 
The 12-point activity index developed 
by Minier et al. might be, in compari-
son with the EScSG activity index, a 
potentially more valuable index since 
it includes more pulmonary variables. 
On the other hand, it contains more 
variables, which makes it less feasible 
than the EScSG activity index. A com-
parison through all standards of the 
OMERACT filter between both indices 
could be made in future studies.
The third DAI for SSc presented in lit-
erature is the CRISS: a provisional core 
set of response measures, developed by 
consensus and data driven analysis. It 
is assumed to reflect reversible aspects 
of SSc in clinical trials with early-dc-
SSc patients. Since it was developed by 
experts in the field of SSc, it is believed 
to have a good qualitative validity. 
Since the aim of this review was to 
summarise the validation of DAI’s, we 
limited us to state the articles where 
comments on this aspect were given, 
without giving an own interpretation. 
This might be seen as a limitation. 
As such, we only report conclusions 
of articles that assessed the validation 
status, although the OMERACT defini-
tions are sometimes subject to interpre-
tation (best example is face validity). 
As such, on the content validity of 
EScSG activity index, we only report-
ed that EScSG activity index does not 
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cover renal involvement and that pul-
monary, vascular and gastrointestinal 
involvement are not adequately rep-
resented in the EScSG activity index 
without giving own interpretations. It 
is generally known that nowadays, re-
nal disease rarely occurs in SSc and it 
may not be an adequate parameter to 
be put in an index to use in daily prac-
tice or in studies. For gastrointestinal 
involvement, in real life, it is very dif-
ficult to identify a gastrointestinal fea-
ture that represents only activity and 
not damage.
In conclusion, this systematic review 
shows that no fully validated DAI for 
SSc exists. The EScSG activity index 
and the CRISS have strong evidence of 
validity according to the OMERACT 
filter, as well as according to the ACR 
definitions. However, they do not yet 
fulfil all validation criteria and more 
investigation in this field is mandatory.
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