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Objective: The objective of this study was to assess Modified Systemic Lupus Erythematosus
Disease Activity Index 2000 (SLEDAI-2K) and European Consensus Lupus Activity
Measurement (ECLAM) disease activity correlation in addition to their respective correlation
to Pediatric Systemic Lupus International Collaborative Clinics/American College of
Rheumatology (SLICC/ACR) Damage Index (Ped-SDI), in juvenile systemic lupus erythema-
tosus (JSLE). Methods: The activity indices were scored retrospectively and summarized by
adjusted means during follow-up. The Ped-SDI was scored during the last visit for those with
more than six months follow-up. Pearson correlation between the Modified SLEDAI-2K and
ECLAM, as well as Spearman correlations between the Modified SLEDAI-2K, ECLAM, and
Ped-SDI were calculated. The receiver operating characteristic (ROC) curve was calculated for
both activity indices discriminating damage measured by Ped-SDI. Results: Thirty-seven
patients with mean age at diagnosis 11� 2.9 years and mean follow-up time 3.2� 2.4 years
were studied. The Modified SLEDAI-2K and ECLAM adjusted means were highly correlated
(r¼ 0.78, p< 0.001). Similarly, Spearman correlation between the activity indices was also
high (rs> 0.7, p< 0.001), but Modified SLEDAI-2K and ECLAM correlation with Ped-SDI
was only moderate. ROC analysis discriminant performance for both activity indices resulted
in area under curve (AUC) of 0.74 and 0.73 for Modified SLEDAI-2K and ECLAM,
respectively. Conclusion: The high correlation found between the Modified SLEDAI-2K
and ECLAM adjusted means indicated that both tools can be equally useful for longitudinal
estimates of JSLE activity. Lupus (2016) 25, 1479–1484.
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Introduction

Activity and damage indices are commonly used to
assess morbidity in juvenile systemic lupus erythe-
matosus (JSLE). Valid tools have been developed
for JSLE.1,2 The most used are the Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI),
the British Isles Lupus Assessment Group
(BILAG), and the Systemic Lupus Activity
Measure (SLAM). The Modified SLEDAI-2K is a
variant of the original SLEDAI that suppresses

anti-dsDNA and complement.3 It has not been pre-
viously tested in JSLE. On the other hand,
SLEDAI, BILAG, and SLAM have shown equiva-
lent responsiveness in pediatric patients, but to date
there is no gold standard for disease activity meas-
urement in JSLE.2,4,5

We have previously addressed scoring activity to
establish disease patterns related to damage
accrual.6 Since there is no consensus regarding
what is the best disease activity index, we believe
it could be valuable to analyze the correlation
between different disease activity tools scored over
time in a longitudinal approach. We chose the
Modified SLEDAI-2K and the ECLAM because
both spare some laboratory tests, which is conveni-
ent for daily practice or retrospective review. Both
are global and multidimensional indices with
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weighted items. Previous studies comparing both
tools suggested that ECLAM would be preferable
over the SLEDAI due to better psychometric prop-
erties, including good construct validity, discrimin-
ant capacity to predict damage, and responsiveness,
although there are some criticisms due to lack of
definitions for recall time, symptoms glossary, and
investigations. SLEDAI has been preferred as easy
and quick to complete.2,4,5

The aims were assessing the correlation between
two activity indices, the Modified SLEDAI-2K and
the ECLAM, as well as their respective correlation
with the Pediatric SLICC/ACR Damage Index
(Ped-SDI)7 in JSLE patients.

Patients and methods

Subjects

All consecutive patients less than 18 years old
diagnosed with JSLE classified according to the
1997 American College of Rheumatology (ACR)
criteria,8 from 1992 to 2012, were included.
Discontinued follow-up, missing notes, immuno-
deficiency, or other autoimmune disease overlap
were exclusion criteria. The research protocol was
approved by the institution’s ethics committee (no.
460/2009) and conducted in accordance to the
Helsinki Declaration.

Procedures

A secondary analysis of activity and damage indi-
ces in a JSLE series was carried out. The protocol
was primarily designed to assess lupus activity over
time in order to establish its relationship to damage
accrual, death, and growth failure.6 The present
analysis was conducted to further explore the cor-
relation between these two activity indices, the
Modified SLEDAI-2K and the ECLAM, and
their respective correlation to the Ped-SDI.6 Data
were recorded in a standardized case-report form
for all JSLE patients. Case-notes review of sched-
uled outpatient visits or hospital admissions were
thoroughly examined for clinical complaints, phys-
ical examination, and abnormal laboratory tests
due to lupus involvement.

Assessment of disease activity

Two disease activity indices, Modified SLEDAI-2K
and ECLAM, were retrospectively scored at each
patient visit. Briefly, the Modified SLEDAI-2K3 is
a version of the SLEDAI-2K that excludes two
items from the original tool, the complement

levels and anti-dsDNA titers, maintaining 16 clin-
ical manifestations and four laboratory tests (white
blood cell count, platelets count, urinalysis, and
24-hour proteinuria), making 22 items evaluating
nine system domains. The item is scored if
the descriptor is present at the time of visit or in
the past ten days. Items are weighted according to
the systems involved. Scores range from 0 to 101,
101 being the maximum activity score.

ECLAM includes 32 items evaluating 12 systems,
including one item for the constitutional domain.
Likewise, items are weighted according to the sys-
tems involved. Twenty-two clinical manifestations
and ten laboratory tests (hemoglobin, white blood
cell count, platelet count, ESR, urinalysis, 24-hour
proteinuria, serum creatinine or creatinine clear-
ance, and C3 or CH50 levels) are scored if the
descriptor has been observed during the last
30 days or since the last visit. Scores range from 0
to 10, 10 being the maximum activity score.9 Specific
rules for ECLAM scoring and rounding procedures
were followed. Two points should be added to the
final score if only one system is involved: if the final
score is not an integer number, round off to the
lower integer number for values� 6 and to the
higher integer number if> 6; and, last, if the final
score is> 10, round off to 10.5 The ECLAM and
the original version of the SLEDAI were previously
validated for JSLE.4,5 Both SLEDAI and ECLAM
can be retrospectively scored.10,11

Assessment of disease damage

Only patients followed over six months or more
had damage scored by the Ped-SDI.7 Scores range
from 0 to 49, with 0 being the absence of damage.
A glossary defines item scoring in several organs
and tissues. This is the only assessment tool for
damage scoring in pediatric lupus patients.
Besides the 12 domains of organ damage, scoring
1–3, additional domains for growth and pubertal
development are added for pediatric patients.

Statistical analysis

Qualitative variables were presented by absolute
frequency and percentage. Quantitative variables
were presented by mean and standard deviation
(SD). Since the time interval between visits was
variable, longitudinal analysis of disease activity
was conducted according to the method proposed
by Ibañez et al.,12 calculating the adjusted means
for the Modified SLEDAI-2K and ECLAM, as fol-
lows: (1) calculate the area under the curve (AUC)
between two visits by multiplying the time between
the two visits by the mean activity score; (2) sum
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the AUC for all visit intervals; (3) divide the result
by the follow-up time. This approach resulted in a
weighted average of the respective disease activity
index for each of the subjects throughout follow-
up. Figure 1 shows one visit-to-visit Modified
SLEDAI-2K and ECLAM score, and the respect-
ive adjusted means.

A simple linear regression analysis between the
adjusted means of the Modified SLEDAI-2K and
ECLAM was performed. The linear equation was
calculated with its intercept (a), slope (b), coeffi-
cient of determination (R2), and Pearson correl-
ation coefficient (r). The r values ranged from �1
to þ1. Considering the absolute values, Pearson
correlation coefficient (r)� 0.3 was considered
poor correlation, between 0.3 and 0.7 moderate
correlation, and� 0.7 high correlation.

The Spearman correlation coefficient (rs)
between the activity indices, at disease onset and
throughout disease course, was calculated. The
same coefficient was also calculated between
each of the activity indices and the damage index.
rs values range from �1 to þ1. The same thresholds

used for the Pearson correlation was also used for
the Spearman correlation interpretation.

The receiver operating characteristic (ROC) ana-
lysis was conducted to verify the performance of
both theModified SLEDAI-2K and ECLAM in dis-
criminating damage by the Ped-SDI. Results were
expressed by AUC, sensitivity, specificity, and cut-off
points for the Modified SLEDAI-2K and ECLAM.

SAS for Windows version 9.2, SPSS version 19,
and STATISTICA for Windows version 10.0 soft-
ware were used in all analyses, considering a signifi-
cance level of 5% for all tests, with corresponding
p-value, two-tailed.

Results

Demographics and clinical characteristics

Thirty seven JSLE patients were included in this
study. Of those, 30 (81.1%) were female. Mean age
at diagnosis was 11 (�2.9) years andmean follow-up
duration was 3.2 (�2.4) years. Treatment results

Figure 1 Example of the visit-to-visit disease activity scores for the Modified SLEDAI-2K (a) and ECLAM (b) from one patient.
The calculated area under the curve is represented in gray and adjusted means are represented by the straight line.
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refer to drugs used throughout the follow-up.
Prednisone or prednisolone was used by 34 patients
(91.9%), 24 (64.9%) with prednisone or prednisol-
one in combination with methylprednisolone pulse
therapy; hydroxychloroquine was used by 33
patients (89.2%), and immunosuppressive treat-
ment was used by 20 patients (54.1%), with the fol-
lowing distribution: intravenous cyclophosphamide
(40.5%), azathioprine (40.5%), mycophenolate
(10.8%), and methotrexate (5.4%). A total of 781
clinical visits, ranging from four to 59 (median 18)
visits for each patient, were reviewed. A detailed
report of clinical and demographic characteristics of
the series has been reported previously.6

Disease activity and damage assessment

Modified SLEDAI-2K mean (SD) was 13.7 (9.2)
and ECLAM mean (SD) was 4.9 (2.8) by the time
of diagnosis. Their respective adjusted means from
diagnosis to last follow-up visit were 5.1 (3.3) and
1.7 (1.0).

Twenty patients (62.5%) accrued damage
(Ped-SDI score� 1), with median 1 (IQR 0–2;
range 0–8), considering only those with six
months or longer follow-up (n¼ 32). Ten patients
(31.3%) had growth failure, eight (25%) neuro-
psychiatric damage, four (12.5%) ocular damage,
four (12.5%) musculoskeletal damage, and three
(9.4%) renal damage.

Correlation between disease activity and
damage indices

Simple regression analysis resulted in high correl-
ation between the adjusted means of the Modified

SLEDAI-2K and ECLAM, with R2
¼ 0.61, Pearson

r¼ 0.78 and p< 0.001. The linear equation for the
model was (ECLAM adjusted mean¼ (0.51921
þ 0.2399)�Modified SLEDAI-2K adjusted mean),
and the scatter plot for this model is presented in
Figure 2.

Similarly, high correlation between both disease
activity indices was found at disease onset and
throughout disease course, with rs> 0.7 and
p< 0.001, whereas only a moderate correlation
was found between each disease activity index and
the damage index, both at disease onset and
throughout disease course, with p< 0.05 for all cor-
relations, except for the Modified SLEDAI-2K at
disease onset and Ped-SDI (Table 1).

Discriminant analysis

The ROC curve for the Modified SLEDAI-2K and
ECLAM adjusted means, considering 70% sensitiv-
ity and 77% specificity for the presence of damage,
resulted in both indices with similar performance
discriminating damage, with AUC of 0.74 and
0.73 and cut-off points of 3.62 and 1.28 for
Modified SLEDAI-2K and ECLAM, respectively.

Discussion

The correlation between activity and damage in a
JSLE series retrospectively scoring the Modified
SLEDAI-2K and ECLAM for activity, and Ped-
SDI for damage, was evaluated. The retrospective
scoring approach for activity and damage was as
reliable as previous studies.6,10,11,13 Similarly, the

Figure 2 Correlation of the adjusted means of the Modified SLEDAI-2K and ECLAM by linear regression analysis.
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use of adjusted mean values for disease activity
indices, as ‘‘summary measures’’ during disease
course was also reliable. This association was
strongly associated with damage and mortality in
adults.12,14 Besides, these choices considered only
quantitative global scales.

To our knowledge, the Modified SLEDAI-2K has
not been used previously in the assessment of disease
activity in JSLE. We chose to explore Modified
SLEDAI-2K because of its practical suppression of
complement and anti-dsDNA measures, which
makes it more feasible for daily practice. There are
literature reports of equivalence among the most
commonly-used disease activity indices.2,4,5

However, ECLAM may be more responsive5 and
less skewed than the SLEDAI.2 Our results confirm
the previous findings by the linear correlation of
Modified SLEDAI-2K with ECLAM.

The similarity in the correlation coefficients
found by Pearson and Spearman tests confirms
the linear relationship between Modified
SLEDAI-2K and ECLAM, pointing to high correl-
ation. Only moderate correlation between the
SLEDAI and ECLAM was found in a previous
paper.15 This could indicate a better performance
when using the Modified SLEDAI-2K and the
adjusted mean values of both activity indices.

The relationship between disease activity and
damage accrual in JSLE has been reported previ-
ously.5,16,17 Cumulative disease activity measured
by SLEDAI and ECLAM were found to predict
damage.5,18 In addition to the high mutual correl-
ation, both activity indices also correlated signifi-
cantly with the damage index. We observed also

similar discriminating properties in both activity
indices related to the damage index.

However, these results have the limitation of
single center, small series, retrospective scores,
and the possibility of under-estimated activity and
damage measures due to missing clinical data of a
multi-organ disease. Also, it was not possible to
evaluate the treatment received over time in rela-
tion to activity scores and damage accrual. A more
detailed analysis of treatment over time was ham-
pered by retrospective data collection along a time
frame with a major treatment shifts paradigm,
including immunosuppressive treatment and ster-
oid sparing strategies. More recent guidelines
reflecting this paradigm have been adopted for the
last years of the study time-frame.19

Nevertheless, we observed linear correlation
between Modified SLEDAI-2K and ECLAM by
two different analyses. It is also important to con-
sider that the choice of the activity index should
rely on the purpose of the study, level of training,
and investigator preference.2

In spite of all acknowledged limitations, this
exploratory analysis indicated both tools are
equally useful for longitudinal estimates of JSLE
activity conducted during daily practice.
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