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ABSTRACT
Objective  To examine the impact of different disease 
activity states (DAS) on outcomes in a longitudinal 
inception childhood-onset SLE cohort.
Materials and methods  Three DAS were included—
remission: clinical SLE DAS (SLE Disease Activity 
Index (SLEDAI)=0, prednisone (≤5 mg/day) and/or 
immunosuppressants (IS) (maintenance dose)); lupus low 
DAS (LLDAS): SLEDAI ≤4 with 0 scores for major organ 
involvement, no increase in any SLEDAI component since 
the previous visit, on prednisone (≤7.5 mg/day) and/or IS 
(maintenance dose); and active disease otherwise. The 
association of these DAS with new damage (increase 
of at least 1 point in the Systemic Lupus International 
Collaborating Clinics/American College of Rheumatology 
(SLICC/ACR) Damage Index (SDI)), severe new damage (an 
increase of ≥3 points in the SDI) and mortality (any cause) 
at any time during the follow-up was examined using Cox 
proportional hazards regression models.
Results  The majority of the 212 patients included had 
active disease at baseline (84%). There was no association 
between LLDAS and lower risk of new damage or severe 
new damage (HR 0.98, 95% CI 0.43 to 2.22, p=0.955 
and HR 0.40, 95% CI 0.04 to 3.62, p=0.415, respectively). 
Remission was associated with lower risk of new damage 
(HR 0.36, 95% CI 0.15 to 0.91, p=0.030), but it had 
no impact on mortality (HR 0.45, 95% CI 0.06 to 3.66, 
p=0.454).
Conclusions  Attaining LLDAS and remission was lower 
in our cohort than in other contemporary paediatric lupus 
cohorts. Remission but not LLDAS was associated with 
lower risk of new damage over 4.3 years of follow-up. 
None of these DAS were associated with mortality.

INTRODUCTION
Lupus low disease activity state (LLDAS) and 
remission have been associated with improved 

outcomes, including lower damage accrual 
and decreased mortality in adults with SLE; 
therefore, they have been proposed as treat-
to-target strategies.1–3

Patients with childhood-onset SLE (cSLE) 
exhibit higher disease activity and more 
severe organ involvement when compared 
with their adult counterpart.4 A task force 
has recently proposed a definition for LLDAS 
status and remission in cSLE which have 
been validated in a small number of cSLE 
cohorts.5 6 Some studies showed that LLDAS 
and remission were associated with better 
outcomes, including lower risk of severe 
flares and new damage in cSLE.7 8 However, 
there are few studies examining the impact of 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Lupus low disease activity state (LLDAS) and remis-
sion have been associated with lower damage ac-
crual and decreased mortality in adults and children 
with SLE.

WHAT THIS STUDY ADDS

	⇒ In this inception childhood-onset SLE (cSLE) cohort 
including patients from low- and middle-income 
countries, remission but not LLDAS was associated 
with lower risk of new damage accrual.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The results of this study underscore the need for 
more collaborative research efforts and implemen-
tation of strategies in Latin America to better under-
stand and improve the long-term outcomes of cSLE.
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LLDAS and remission on outcomes in cSLE in low- and 
middle-income countries (LMICs), including those from 
Latin America. Our aims are to examine the association 
of LLDAS and remission on the development of new 
organ damage and mortality in an inception cSLE cohort 
from Latin America using data from the Latin American 
Group for the Study of Lupus (Grupo Latino Americano De 
Estudio del Lupus or GLADEL).

METHODS
Data source and population
GLADEL is an observational multiethnic inception cohort 
that was started in 1997, and it includes 34 centres from 
nine countries in Latin America. This cohort included 
1480 patients with SLE, of whom 230 were diagnosed 
<18 years of age or with cSLE.9 The diagnosis of SLE was 
based on clinical experience; however, more than 90% 
of the patients met ≥4 of the 1997 American College of 
Rheumatology (ACR) classification criteria for lupus at 
baseline, and they were enrolled in the study following a 
single protocol, consensus definitions as well as outcome 
measures. Among the patients included in the analyses, 
the first patient was enrolled on 1 December 1996 and 
the last patient on 28 December 2003. The study was 
performed in accordance with the Declaration of Helsinki 
for the conduct of research in humans and followed the 
local institutional review board’s regulations. Further 
details of this cohort have been previously described.9 10

Variables
The main outcome variables included new damage 
(defined as an increase of at least 1 point in the Systemic 
Lupus International Collaborating Clinics/American 
College of Rheumatology (SLICC/ACR) Damage Index 
(SDI)) and severe new damage (defined as an increase 
of at least 3 points in the SDI) over the study period. 
The secondary outcome was mortality (of any cause) 
at any time during the follow-up. Covariates at baseline 
included age, sex, socioeconomic status, race/ethnicity, 
educational level, medical coverage, number of ACR 
criteria, use of corticosteroids (highest dose at baseline 
or prior to enrolment), antimalarial use, SDI and class 
III or IV with/without class V lupus nephritis. Covariates 
over follow-up included the proportion of disease activity 
states (DAS) over time as follows:

	► Remission: clinical SLE Disease Activity Index 
(SLEDAI)=0, prednisone dose ≤5 mg/day, with or 
without immunosuppressant (IS) at a stable dose.

	► LLDAS: SLEDAI ≤4 with no SLEDAI score for renal, 
central nervous system, serositis, vasculitis and consti-
tutional components; no increase in any SLEDAI 
component since the previous visit; and prednisone 
dose ≤7.5 mg/day, with or without IS at a stable dose.

	► Active disease: SLEDAI >4 and/or prednisone dose 
>7.5 mg/day and/or new or increased dose of IS.

Data on Physician Global Assessment (PGA) and 
weight-adjusted prednisone dose were not available to be 

included in the operational definitions of remission and 
LLDAS. Antimalarials were allowed in all groups.

Statistical analyses
Demographic data, clinical and laboratory features were 
described using parametric and non-parametric statis-
tics, as appropriate. The association of LLDAS/remission 
as time-dependent variables and outcomes was assessed 
using Cox proportional regression models. Active disease 
was used as the reference level and adjustment for covar-
iates was performed. Sensitivity analyses were conducted 
using different follow-up time in percentages remaining 
in LLDAS and remission (30% vs 50% vs ≥70%) as well 
as time remaining in LLDAS as a continuous variable 
(eg, time in months in the DAS). Intervals between visits 
were defined as the period between two SLEDAI scores 
or between one SLEDAI and the end of follow-up. Only 
patients with at least two intervals were included with a 
minimal interval duration of at least 12 months. Statistical 
analyses were performed using SAS V.9.4.

RESULTS
Tables  1 and 2 depict the baseline sociodemographic 
and disease features. A total of 230 patients with cSLE 
were identified. Of these, only 212 were included since 
they had at least two visit intervals. Among the included 
patients, 189 (89.2%) were female. Mestizo was the most 
frequent racial/ethnic group (42.8%), followed by white 
patients (41.0%). The interval between visits varied from 
0.1 months to 74.8 months (IQR=6.4), with an average of 
10.6 months (SD=11.3) and median of 6.7 months. The 
length of follow-up of the cohort was from 0 years to 7 years, 
with an average of 3.9 years (SD=2.0). Most individuals 
had active disease at baseline (84%). Over the follow-up, 
new damage occurred in 100 (47.2%) of the patients and 
severe new damage in 33 (15.6%) (table 2). The cohort’s 

Table 1  Sociodemographic features at baseline

Characteristics (n=212)

Gender, female, n (%) 189 (89.2)

Age at baseline in years, median (IQR) 15 (13–17)

Ethnicity*, n (%)  �

 � White 86 (41.0)

 � Mestizo 90 (42.8)

 � African Latin American 30 (14.3)

 � Other 4 (1.9)

Educational level in years, median (IQR) 9.0 (7–11)

Socioeconomic status*, n (%)  �

 � Upper/upper middle 15 (7.1)

 � Middle 54 (25.7)

 � Lower middle/lower 141 (67.2)

Full medical coverage**, n (%) 115 (54.8)

*Frequency missing n=2.
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overall mortality rate was 8% (n=17). New damage, severe 
new damage and mortality were not significantly impacted 
by socioeconomic status (p=0.195, p=0.565, p=0.808), 
insurance coverage (p=0.804, p=0.380, p=0.351) and 
educational level (p=0.552, p=0.700, p=0.403) at baseline, 
respectively. Only ‘other’ ethnic group was associated 
with severe new damage (HR 9.69, 95% CI 1.99 to 47.25, 
p=0.005), but there was no association between ethnicity 
and either new damage or mortality.

There was no association between LLDAS and lower 
risk of new damage or severe new damage (HR 0.98, 
95% CI 0.43 to 2.22, p=0.955 and HR 0.40, 95% CI 0.04 
to 3.62, p=0.415, respectively). Remission was associated 
with lower risk of damage (HR 0.36, 95% CI 0.15 to 0.91, 
p=0.030), but it did not have any impact on the risk of 
mortality (HR 0.45, 95% CI 0.06 to 3.66, p=0.454). Data 
available to estimate the association between LLDAS and 
mortality and between remission and severe new damage 
were insufficient (tables  3 and 4). Sensitivity analyses 
using alternative exposure thresholds for LLDAS and 
remission yielded consistent results (data not shown).

DISCUSSION
In our study, we found remission but not LLDAS to be 
associated with a lower risk of new damage accrual over 
4.3 years of follow-up. However, none of these DAS had 
an impact on severe new damage or mortality in patients 
with cSLE from the GLADEL cohort. To our knowledge, 
this is the first study examining the impact of different 
DAS on outcomes in a multiethnic and multicentric 
paediatric lupus cohort from Latin America.

In a longitudinal validation cohort from the Nether-
lands which included 50 patients with cSLE, there was 
also no association between attaining LLDAS and lower 
damage accrual.11 However, in a larger paediatric lupus 
cohort from the UK (n=430), an association between 
lower DAS and a lower risk of damage accrual was found, 
although the adjusted mean SLEDAI-2K score was used 
to assess disease activity instead of the consensus-based 
definition of LLDAS.6 Moreover, a study from the same 
cSLE UK cohort found an association between LLDAS 
and remission with a lower risk of damage when the adult 
definitions of DAS were used.7 There are limited data on 
the association of DAS and damage in cSLE in LMICs. 
A medical records review study including 272 patients 
with cSLE from two tertiary centres from China found 
that the proportion of organ damage of those who never 
attained LLDAS was higher when compared with those 
who achieved LLDAS.12

There are several factors inherent to our cohort that 
may have affected our results. First, the proportion of 
patients achieving LLDAS during the study period was 
very low (27%) when compared with other cohorts 
regardless of LMIC status, with LLDAS achieved in >50% 
of these patients.13 Also, almost 50% of our patients had 
only three intervals between visits over their follow-up, 
this may have not accurately captured changes in disease 
activity over time leading to bias. Additionally, data 
collection in our cohort started prior to 2000, and cSLE 
outcomes have significantly improved over the last 20 
years, which could have contributed to our cohort’s lower 
rate of LLDAS. Despite differences in the timing of the 
inception of our cohort compared with other contempo-
rary cSLE cohorts, we did observe a higher proportion 
of patients experiencing severe new damage (SDI ≥3) 
over follow-up among those with active disease at baseline 

Table 2  Clinical and disease features at baseline

Characteristics (n=212)

Number of ACR 97 criteria, n (%)

 � 2 3 (1.4)

 � 3 15 (7.1)

 � 4 42 (19.9)

 � 5 44 (20.8)

 � 6 54 (25.5)

 � 7 35 (16.5)

 � 8 12 (5.7)

 � 9 6 (2.8)

 � 10 1 (0.5)

Prednisone dose in mg*, n (%)

 � 1–20 38 (17.9)

 � 20–60 82 (38.7)

 � ≥60 63 (29.7)

Hydroxychloroquine use, n (%)

 � No 134 (63.2)

 � Yes 78 (36.8)

Lupus nephritis†, n (%)

 � No 112 (52.8)

 � Yes 100 (47.2)

SLE Disease Activity Index, median (IQR) 6 (2–10)

SDI, median (IQR) 0.0 (0.0–1.0)

Disease duration in years, median (IQR) 0.0 (0.0–0.8)

*Maximum dose after diagnosis.
†Class III or IV with/without class V lupus nephritis.
ACR, American College of Rheumatology; SDI, Systemic 
Lupus International Collaborating Clinics/American College of 
Rheumatology (SLICC/ACR) Damage Index.

Table 3  Best and last states over follow-up*

Status Best, n (%) Last, n (%)

Remission 47 (22.2) 32 (15.1)

LLDAS 26 (12.3) 1 (0.5)

Active disease 139 (65.5) 179 (84.4)

*Best state refers to the proportion of patients who achieved that 
state over their follow-up. Last state refers to the proportion of 
patients with that disease activity state at the end of follow-up.
LLDAS, lupus low disease activity state.
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(85.7%) compared with those with LLDAS at baseline 
(14.3%). Second, a variable duration of the interval 
between visits may have also biased our results.

We acknowledge other limitations of our study. We 
were not able to include the PGA in the definition of 
both LLDAS and remission since this variable was not 
collected. Likewise, since data on patients’ weight were 
not available, we were not able to calculate the prednisone 
dose per kilogram. The International Treat to Target Task 
Force proposed a ceiling prednisone dosage at 0.15 mg/
kg/day, maximum of 7.5 mg, aiming for whichever dose 
was lowest.5

In summary, in this multiethnic and multicentric incep-
tion cSLE cohort from Latin America, remission but not 
LLDAS was associated with decreased risk of damage over 
follow-up; however, neither remission nor LLDAS was 
associated with a lower mortality. To our knowledge, this 
is the first study examining treat-to-target outcomes in a 
paediatric lupus cohort from Latin America. Controlling 
disease activity in SLE is associated with improved long-
term outcomes including lower risk of damage accrual 
and ultimately mortality. LLDAS may still represent a 
relevant therapeutic target in cSLE; however, in this Latin 
American cohort, remission appeared to be the DAS most 
consistently associated with reduced damage accrual. 
More research efforts, including the inception of a 
contemporary multiethnic and multicentric cSLE cohort, 
are needed in Latin American countries and worldwide to 
better understand and improve the long-term outcomes 
of these vulnerable patient populations.

Author affiliations
1Division of Pediatric Allergy, Immunology and Rheumatology, University Hospitals 
Rainbow Babies & Children’s Hospital, Cleveland, Ohio, USA
2Grupo Peruano de Estudio de Enfermedades Autoinmunes Sistémicas, Universidad 
Científica del Sur, Lima, Peru
3Rheumatology, Hospital Guillermo Almenara Irigoyen–EsSalud, Lima, Peru

4Rheumatology, Hospital for Sick Children, Toronto, Ontario, Canada
5Centro Regional de Enfermedades Autoinmunes y Reumáticas (CREAR), Rosario, 
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María S Arriola and Graciela Gómez (Instituto de Rehabilitación Psicofísica, Buenos 
Aires); Mercedes A García, Ana Inés Marcos and Juan Carlos Marcos(Deceased) 
(Hospital Interzonal General de Agudos “General San Martín”, La Plata); Hugo 
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Vasquez, José Luis Alfaro-Lozano and Jorge M Cucho-Venegas (Hospital Nacional 
“Guillermo Almenara Irigoyen,” Essalud, Lima); María Inés Segami, Cecilia P Chung 
and Magaly Alva-Linares (Hospital Nacional “Edgardo Rebagliatti Martins,” Essalud, 
Lima). VENEZUELA: Isaac Abadi and Neriza Rangel (Servicio de Reumatología, 
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Contributors  REB: study design, data interpretation, manuscript writing and 
submission, manuscript review. MFU-G, DML, GJP-E: study design, manuscript 
review. GH, LH: statistical analyses. LARG, HGR, MHC, DW, OUU: data collection. 
GSA, BAPE: study design, interpretation of results, manuscript editing, manuscript 
review. BAPE provided and cared for study patients. BAPE is the guarantor for this 
study, accepts full responsibility for the integrity of this work, has access to the data 
and controls the decision to publish.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.
Patient consent for publication  Not applicable.
Ethics approval  This study involves human participants and was approved by 
participating institutions at the inception of the cohort in 1997. Participants gave 
informed consent to participate in the study before taking part.
Provenance and peer review  Not commissioned; externally peer reviewed.
Data availability statement  Data are available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: https://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
R Ezequiel Borgia https://orcid.org/0000-0002-4023-2194
Deborah M Levy https://orcid.org/0000-0003-1023-9499
Guillermo J Pons-Estel https://orcid.org/0000-0002-0647-929X
Bernardo A Pons-Estel https://orcid.org/0000-0003-2518-0266

REFERENCES
	 1	 Ugarte-Gil MF, Mendoza-Pinto C, Reátegui-Sokolova C, et al. 

Achieving remission or low disease activity is associated with 
better outcomes in patients with systemic lupus erythematosus: a 
systematic literature review. Lupus Sci Med 2021;8:e000542. 

	 2	 Ugarte-Gil MF, Wojdyla D, Pons-Estel GJ, et al. Remission and Low 
Disease Activity Status (LDAS) protect lupus patients from damage 
occurrence: data from a multiethnic, multinational Latin American 
Lupus Cohort (GLADEL). Ann Rheum Dis 2017;76:2071–4. 

	 3	 Sharma C, Raymond W, Eilertsen G, et al. Association of Achieving 
Lupus Low Disease Activity State Fifty Percent of the Time With Both 
Reduced Damage Accrual and Mortality in Patients With Systemic 
Lupus Erythematosus. Arthritis Care Res (Hoboken) 2020;72:447–51. 

	 4	 Sousa S, Gonçalves MJ, Inês LS, et al. Clinical features and long-
term outcomes of systemic lupus erythematosus: comparative data 
of childhood, adult and late-onset disease in a national register. 
Rheumatol Int 2016;36:955–60. 

	 5	 Smith EMD, Aggarwal A, Ainsworth J, et al. PReS-endorsed 
international childhood lupus T2T task force definition of 
childhood lupus low disease activity state (cLLDAS). Clin Immunol 
2023;250:109296. 

	 6	 Hanif M, Sarker C, Al-Abadi E, et al. Contributors to organ damage 
in childhood lupus: corticosteroid use and disease activity. 
Rheumatology (Oxford) 2025;64:3028–38. 

	 7	 Smith EMD, Tharmaratnam K, Al-Abadi E, et al. Attainment of low 
disease activity and remission targets reduces the risk of severe 
flare and new damage in childhood lupus. Rheumatology (Oxford) 
2022;61:3378–89. 

	 8	 Na Nakorn K, Piyaphanee N, Sukharomana M, et al. Outcomes of 
achieving lupus low disease activity state and damage accrual in 
childhood-onset systemic lupus erythematosus. Clin Rheumatol 
2023;42:1655–64. 

	 9	 Ramírez Gómez LA, Uribe Uribe O, Osio Uribe O, et al. Childhood 
systemic lupus erythematosus in Latin America. The GLADEL 
experience in 230 children. Lupus 2008;17:596–604. 

	10	 Pons-Estel GJ, Catoggio LJ, Cardiel MH, et al. Lupus in Latin-
American patients: lessons from the GLADEL cohort. Lupus 
2015;24:536–45. 

	11	 Bergkamp SC, Kanagasabapathy T, Gruppen MP, et al. First 
validation of the childhood lupus low disease activity state (cLLDAS) 
definition in a real-life longitudinal cSLE cohort. Clin Immunol 
2024;262:110172. 

	12	 Yu XX, Deng J, Chen QX, et al. Long-term outcomes and predictive 
factors of achieving low disease activity status in childhood systemic 
lupus erythematosus: a Chinese bicentric retrospective registered 
study. Front Immunol 2024;15:1369969. 

	13	 Ozturk K, Caglayan S, Tanatar A, et al. Low disease activity 
state in juvenile-onset systemic lupus erythematosus. Lupus 
2021;30:2144–50. 

Lupus S
cience &

 M
edicine: first published as 10.1136/lupus-2026-001989 on 2 July 2026. D

ow
nloaded from

 https://lupus.bm
j.com

 on 4 A
ugust 2026 by guest.

P
rotected by copyright, including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4023-2194
https://orcid.org/0000-0003-1023-9499
https://orcid.org/0000-0002-0647-929X
https://orcid.org/0000-0003-2518-0266
http://dx.doi.org/10.1136/lupus-2021-000542
http://dx.doi.org/10.1136/annrheumdis-2017-211814
http://dx.doi.org/10.1002/acr.23867
http://dx.doi.org/10.1007/s00296-016-3450-2
http://dx.doi.org/10.1016/j.clim.2023.109296
http://dx.doi.org/10.1093/rheumatology/keae592
http://dx.doi.org/10.1093/rheumatology/keab915
http://dx.doi.org/10.1007/s10067-023-06533-8
http://dx.doi.org/10.1177/0961203307088006
http://dx.doi.org/10.1177/0961203314567753
http://dx.doi.org/10.1016/j.clim.2024.110172
http://dx.doi.org/10.3389/fimmu.2024.1369969
http://dx.doi.org/10.1177/09612033211054399

	Remission and low disease activity state in childhood-­onset systemic lupus erythematosus: differential impact on damage accrual in a Latin American cohort (GLADEL)
	Abstract
	Introduction﻿﻿
	Methods
	Data source and population
	Variables
	Statistical analyses

	Results
	Discussion
	References


