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Chronic inflammation is one of the 
recognised drivers of increased cardiovas-
cular disease risk (CVD-risk). Childhood-
onset systemic lupus erythematosus (cSLE), 
characterised by onset before 18 years of age, 
has a more severe phenotype than adult-onset 
SLE and is associated with increased CVD-
risk starting early in life. As a consequence of 
this increased risk, 4% of children and young 
people (CYP) with cSLE recruited to a large 
UK study experienced at least one CVD-event 
2 years postdiagnosis, at a median age of 16 
years.1 This suggests a critical unmet need for 
earlier identification of individuals with high 
CVD-risk for tailored risk management strate-
gies in cSLE.2

Carotid intima-media thickness (CIMT) is 
one of the best predictors of CVD-risk across 
the life span. However, CVD-risk assessment 
guidelines recommend the evaluation of 
various traditional CVD-risk factors and use 
of CVD-risk scores, rather than vascular scans, 
for stratified management approaches in 
general population.3

The Atherosclerosis Prevention in Pediatric 
Lupus Erythematosus (APPLE) trial, a large 
interventional clinical trial in cSLE, evalu-
ated the efficacy of atorvastatin in decreasing 
atherosclerosis progression in CYP aged 10–18 
years, using serial CIMT measurements.4 
Although the trial did not meet the primary 
endpoint, it provided us with the opportunity 
to discover a novel serum metabolomic signa-
ture associated with a high rate of atheroscle-
rosis progression in cSLE.5

As CIMT measurements on vascular scans 
are not routinely implemented in clin-
ical practice, we explored the comparative 

performance of four age-appropriate and vali-
dated CVD-risk scores in a global cSLE (UK/
US) cohort to address a key research priority 
identified by our PPIE activities.

Demographic data, CVD-risk factors and 
cSLE characteristics were collected cross-
sectionally from two cSLE cohorts: a retro-
spective University College London (UCL) 
cohort (N=109, UK) and a prospective APPLE 
trial cohort (N=121), both stratified based on 
the metabolomic signature of high CIMT 
progression identified in the APPLE trial.5 
The online supplemental figure depicts the 
CVD-risk stratification of the UCL cohort 
based on the metabolomic signature identi-
fied in the APPLE cohort.

QRISK-3, Framingham, Atherosclerotic 
Cardiovascular Disease scores (validated for 
age 20–25) and the Pathobiological Deter-
minants of Atherosclerosis in Youth (PDAY) 
score (validated from age ≥14) were calcu-
lated and assessed for performance against 
cross-validated metabolomic signatures of 
CIMT progression. We used descriptive statis-
tics, area under the curve, correlation and 
linear regression analyses.

Mean age/disease duration for the UCL/
APPLE cohorts were 26±4.18 years/13.5±4.71 
years and 15.60±2.67 years/2.46±2.44 years, 
respectively (p<0.001). CYP with cSLE in 
both cohorts have been stratified based on 
individual CVD-risk score validated cut-offs 
(table  1). There were no statistically signif-
icant differences between the lipid levels or 
BMI between the different risk categories in 
either of the two cohorts analysed.

All scores had very low performance against 
CVD-risk metabolomic stratification. The 
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PDAY-score performed best, with 67% specificity, but only 
50% sensitivity, in correctly classifying CYP with high CVD-
risk, but only in the UCL cohort, which was older. PDAY 
correlated with individual’s age, disease duration, median 
SLEDAI and Paediatric SLICC Damage Index (Ped-SDI) 
scores (r=0.78, 0.48, 0.28 and 0.3, respectively, p<0.05) in 
the UCL cohort.

Linear regression analysis found that age/disease 
activity was the strongest determinant of PDAY-score 
(1-year increase in age/one point increase in median 
SLEDAI-2K score over the disease course were associated 
with 1.13/0.41 points increase in PDAY-score, respec-
tively, when corrected for sex/disease duration/damage/
lipid levels/steroids).

Overall disease activity and age were the strongest 
predictors of PDAY-score, but only in the UCL older cSLE 
cohort. As age is one of the most important drivers of 
CVD-risk, to ensure that both cohorts were stratified in a 
reliable way, we have used a cross-validated metabolomic 
signature, as we previous demonstrated that these signa-
tures can be validated across age in SLE.6

CVD-risk scores, even if validated for ages ≥14, do not 
adequately capture CVD-risk in adolescents with cSLE 

(APPLE trial cohort). PDAY-score performed moderately 
well for young adults only (UCL cohort), highlighting the 
need for better CVD-risk stratification tools, especially for 
CYP with cSLE, as we argued before.2

Although very few CYP with cSLE have been stratified 
as having high CVD-risk by any of the CVD-risk scores 
used in the APPLE cohort at baseline, we also assessed 
stratification performance of these scores at the end of 
the APPLE trial (36 months) in the placebo versus statin 
arm. As the metabolomic signature of atherosclerosis 
progression we discovered did not predict the CIMT 
progression in response to statin, we used the rates 
of CIMT progression over 36 months in each arm5 for 
stratification. As expected, all CVD-risk scores underper-
formed at the end of the trial as they did at baseline and 
failed to identify individuals with high CIMT progression 
rates, irrespective of the treatment arm allocation (online 
supplemental table). In summary, this study highlights 
the lack of adequate CVD-risk scores that can be easily 
implemented in routine clinical practice in cSLE and 
need for age and disease appropriate CVD-risk stratifica-
tion tools. Future research and implementation of more 
sensitive biomarkers (such as metabolomic signatures) 

Table 1  CVD-risk stratification of two independent cSLE cohorts

cSLE patient cohorts stratified based on cross-
validated metabolomic signatures of CIMT 
progression5

The UCL cohort (N=109) was 
stratified as:
29.2% low
48.3% moderate and
22.5% high CVD-risk

The APPLE cohort (N=121) was 
stratified as:
28.5% low,
42.4% moderate and
29.1% high CVD-risk

QRISK-3 score (N) 109 119

Very low QRISK-3 risk<5% 92 (84.4%) 98 (82.3%)

Low QRISK-3 risk=5–9.9% 8 (7.3%) 16 (13.4%)

Moderate QRISK-3 risk=10–19.9% 2 (1.8%) 3 (2.5%)

High QRISK-3 risk>20% 7 (6.4%) 2 (1.7%)

FRS score (N) 80 119

Very low FRS<5% 80 (100%) 119 (100%)

Low FRS=5–9.9% 0 0

Moderate FRS=10–19.9% 0 0

High FRS>20% 0 0

ASCVD score (N) 62 80

Low ASCVD risk<5% 60 (96.8%) 73 (91.1%)

Moderate ASCVD risk=5–7.4% 1 (1.6%) 3 (3.8%)

High ASCVD risk=7.5–20% 1 (1.6%) 4 (5.0%)

PDAY score (N) 78 116

Very low PDAY score<2 points 6 (7.7%) 84 (72.4%)

Low PDAY score=2–5 points 21 (26.9%) 22 (19.0%)

Moderate PDAY score=6–10 points 17 (21.8%) 6 (5.2%)

High PDAY score>10 points 34 (43.6%) 4 (3.5%)

APPLE, Atherosclerosis Prevention in Pediatric Lupus Erythematosus; ASCVD, Atherosclerotic Cardiovascular Disease; CIMT, carotid intima 
media thickness; cSLE, childhood-onset systemic lupus erythematosus; CVD, cardiovascular disease; FRS, Framingham Risk Score; N, 
number of children and young people with cSLE with complete data available to calculate various CVD-risk scores; PDAY, Pathobiological 
Determinants of Atherosclerosis in Youth; UCL, University College London.
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may be warranted for optimised CVD-risk identification 
and management in cSLE.

Author affiliations
1Centre for Adolescent Rheumatology Versus Arthritis, Division of Medicine, 
University College London, London, UK
2Centre for Rheumatology Research, Division of Medicine, University College 
London, London, UK
3Faculty of Medical Sciences, University College London, London, UK
4Department of Pediatrics, Nationwide Children’s Hospital, Ohio State University, 
Columbus, Ohio, USA
5Duke Clinical Research Institute, Department of Pediatrics, Duke University School 
of Medicine, Durham, North Carolina, USA
6Lupus Genomics and Global Health Disparities Unit, National Institute of Arthritis 
and Musculoskeletal and Skin Diseases, National Institutes of Health, Bethesda, 
Maryland, USA

X Coziana Ciurtin @UCL_RheumAYA

Acknowledgements  We thank to APPLE trial investigators and all children and 
young people with cSLE recruited to the APPLE trial and UCL cohort for their 
contribution to this research.

Contributors  CC, GAR, ECJ contributed to study design. CC, YG, JP, MN, AR, 
GAR, SPA, LES, LL have contributed to data collection. CC, YG, JP, MN, AR, GAR 
contributed to data analysis. CC wrote the manuscript. All authors revised and 
approved the final version.

Funding  The work has been supported by a Versus Arthritis PhD Studentship 
(22908) and Career Development Fellowship (22856), the National Institute of 
Health Research (NIHR) University College London Hospital (UCLH) Biomedical 
Research Centre (grants BRC4/III/CC and BRC773/III/CC/101350) and Lupus UK. 
Performed within the Centre for Adolescent Rheumatology Versus Arthritis at 
University College London (UCL), UCLH, and Great Ormond Street Hospital (GOSH) 
and supported by Versus Arthritis (grants 21593 and 20164), Great Ormond Street 
Children's Charity, and the NIHR-Biomedical Research Centres at both GOSH and 
UCLH. The APPLE study was supported by the National Institute of Arthritis and 
Musculoskeletal and Skin Diseases, NIH (contract N01-AR-2-2265), the Edna and 
Fred L. Mandel Jr. Center for Hypertension and Atherosclerosis, and Pfizer, which 
provided atorvastatin and matching placebo. LL's work was supported by the 
National Institute of Arthritis and Musculoskeletal and Skin Diseases Intramural 
Program.

Competing interests  None declared.
Patient consent for publication  Consent obtained directly from patient(s).
Ethics approval  The study has been fully approved. HRA approval Ref. LO/0330. 
For the APPLE trial—Local institutional review board approval was obtained, 
and all patients or their guardians gave informed consent and assent following 
local guidelines. The ​ClinicalTrials.​gov identifier is NCT00065806, and the chief 
investigator was author LES. 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 in a public, open access repository. 
The APPLE clinical trial study protocol and results are publicly available—Use 

of atorvastatin in systemic lupus erythematosus in children and adolescents—
PubMed (​nih.​gov). Preliminary analyses of this study are also available at SSRN: 
https://ssrn.com/abstract =4336159 or http://dx.doi.org/10.2139/ssrn.4336159. 
The study has been reported according to the Consolidated Standards of Reporting 
Trials (CONSORT) reporting guidelines (PMID: 22031171). Data used for all the 
complementary analyses included in this manuscript and the analytic codes are 
available on request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/​
licenses/by/4.0/.

ORCID iDs
Coziana Ciurtin http://orcid.org/0000-0002-8911-4113
Laura Eve Schanberg http://orcid.org/0000-0002-1913-6472
Laura Lewandowski http://orcid.org/0000-0002-4253-2545

REFERENCES
	1	 Ambrose N, Morgan TA, Galloway J, et al. Differences in disease 

phenotype and severity in SLE across age groups. Lupus 
2016;25:1542–50. 

	2	 Ciurtin C, Robinson GA, Pineda-Torra I, et al. n.d. Challenges in 
implementing cardiovascular risk scores for assessment of young 
people with childhood-onset autoimmune rheumatic conditions. Front 
Med9:814905. 

	3	 de Ferranti SD, Steinberger J, Ameduri R, et al. Cardiovascular risk 
reduction in high-risk pediatric patients: a scientific statement from the 
American heart Association. Circulation 2019;139:e603–34. 

	4	 Schanberg LE, Sandborg C, Barnhart HX, et al. Premature 
atherosclerosis in pediatric systemic lupus erythematosus: risk factors 
for increased carotid intima-media thickness in the atherosclerosis 
prevention in pediatric lupus erythematosus cohort. Arthritis Rheum 
2009;60:1496–507. 

	5	 Peng J, Dönnes P, Ardoin SP, et al. Atherosclerosis progression in 
the APPLE trial can be predicted in young people with juvenile-onset 
systemic lupus erythematosus using a novel lipid metabolomic 
signature. Arthritis Rheumatol 2024;76:455–68. 

	6	 Woodridge L, Tektonidou M, Robinson GA, et al. Subclinical 
atherosclerosis risk can be predicted in females with systemic lupus 
erythematosus (SLE) using metabolomic signatures. SSRN [Preprint] 
2024. 

Lupus S
cience &

 M
edicine: first published as 10.1136/lupus-2024-001194 on 13 June 2024. D

ow
nloaded from

 https://lupus.bm
j.com

 on 19 N
ovem

ber 2024 by guest. P
rotected by

 copyright.

https://x.com/UCL_RheumAYA
https://ssrn.com/abstract%20=4336159
http://dx.doi.org/10.2139/ssrn.4336159
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-8911-4113
http://orcid.org/0000-0002-1913-6472
http://orcid.org/0000-0002-4253-2545
http://dx.doi.org/10.1177/0961203316644333
http://dx.doi.org/10.3389/fmed.2022.814905
http://dx.doi.org/10.3389/fmed.2022.814905
http://dx.doi.org/10.1161/CIR.0000000000000618
http://dx.doi.org/10.1002/art.24469
http://dx.doi.org/10.1002/art.42722

	Investigation of the performance of validated cardiovascular risk scores in a global (UK/US) cohort of young people with childhood-­onset systemic lupus erythematosus
	References


